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PREFACE 


This 7th edition (1951) of the Refrigerating Data Book —Basic Volume 
continues the ASRE policy of endeavoring to present in its Iavo Data Books 
the most important information fundamental to the theory, design, and broad ap¬ 
plication of refrigeration. The Basic Data Book includes primarily inft)rmation 
on refrigeration design, theory, thermodynamics, refrigerant properties, and re¬ 
lated topics, while in the Applications Volume emphasis is given to dettiiled 
discussions of the practice and art of refrigeration. The respective Data Books 
are published on a biennial basis. The current Applications Volume of the Data 
Book is the 1950 edition and a revision of it is not scheduled until 1952. The 
Basic Data Book Volume preceding this edition appeared in 1949. 

The present edition was nr)t so extensively revised as was the previous edition 
which involved a complete resetting. This Volume includes a number of improv e¬ 
ments in presentation, correction of minor errors, the rewriting of five chapters 
and partial rewriting of sev^cral more. Additional tabular information has been 
supplied to meet needs which were found to exist while the last edition was in use 
and to supply new data on refrigerants, insulating materials and practices which 
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An effort has been made to reduce the over-lapping and duplication of subject 
matter approached from the varying backgrounds of different authors. It is hoi)ed 
that this has been reduced to a minimum. This edition has again been prepared 
under the guidance of six associate editors. Although many of the chapter authors 
are the same as those in the previous edition, each one has had an opportunity 
carefully to review and modify previously written material. It can be seen that 
many new names appear in the list of more th:in fifty authors. 

The fine work of Mr. C. E. Oberst, TcekiTlical Editor, in checking, arranging and 
carrying out detailed compilation on this Volume fs much appreciated by other 
members of the editorial staff. Mr. Oberst continues in the fine traditions which 
Miss Julia Szabo developed in the production of previous Data Books. 

Suggestions by readers as to items requiring clarification or inconsistencies will 
be welcomed by the Society. This work represents the unselfish efforts of a large 
number of cooperating individuals and all of the authors merit the thanks of the 
Society and of the refrigerating industry for the generous contribution of time and 
ability which they put into making this book possible. 

B. H. Jennings, Editor in Chief 
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1- BASIC THERMODYNAMICS 


Definitions of Terms 

1. Refrigeration is the science of produc¬ 
ing tind maintaining temperatures below 
that of the surrounding atmosphere. Low 
temperatures may be produced in a num¬ 
ber of ways, the one most frequently used 
being that of allowing an expansion of a 
fluid to take place in such a manner as to 
extract heat. Consideration of the simpli¬ 
fied schematic diagram of a compression 
refrigerating system shown in Fig. 1 wiW 
lead to an understanding of what thermo¬ 
dynamic changes are involved. The system 
may be considered as having a low-pressure 
and a high-pressure side; this separation 
is shown by tlie broken line. Low-pressure 
vapor (refrigerant) from line (1) enters 
the compressor (A) and is compressed to a 
high pressure. Passing through line (2), the 
liigh-pressurii vapor enters the condenser 

(B) , where it is condensed under constant 
pressure by some medium (usually air or 
water). Tlie high-pressure liquid in line (3) 
then expands through the throttling valve 

(C) to a lower jiressure in the evaporator 

(D) . The latent heat necessary to evai)o- 
rate the refrigerant is taken from brine be¬ 
ing circulated through coils in the evapo¬ 
rator, thus cooling the brine. The low-pres¬ 
sure vapor is then ready to be compressed 
and repeat the cycle, which is indicated on 
the skeleton Ph chart, Fig. 2. 

The change 1-2 is an isentropic {s const) 
compression and 2 3 a constant pressure 
contraction, the superheat being removed 
from the refrigerant (2-2') and condensa¬ 
tion taking place (2'-3) while the latent 
heat of vaporization is being removed. The 
change 3-4 represents throttling (/i const) 
of the refrigerant through the expansion 
valve and 4-1 absorption of heat by the 
refrigerant in the evaporator. 

The absorption-type refrigerating sys¬ 
tem relies upon the expansion of a high- 
pressure liquid and its subsequent evapo¬ 
ration at low pressure to produce cold in 
exactly the same manner as the mechani¬ 


cal compression system. These systems 
differ, however, in the manner in which the 
liquid is put under high pressure. 

2. Thermodynamics in a broad sense is 
the science which treats of energy. In a 
more restricted sense thermodynamics is 
the science which treats of heat energy and 
its transformations into other forms of 
energy. Thermod 3 Uiamics develops the 
laws governing these transformations, and 
studies the properties of the various media 
by which the transformations are effected. 
Finally, the principles thus developed are 
applied to the various heat machines. 

3. A bod^^ or S 3 \stem of bodies is said to 
possess energy when capable of doing me¬ 
chanical work while undi’rgoing a change 
of state. 

Kinetic energy is the energy a body 
possesses by virtue of its motion, the 
amount of which is determined by 

J m. veP 

where m is the mass and vcl the velocity 
of the body. For a system of bodies, the 
total kinetic energy is found by adding 
the separate kinetic energies of all the 
bodies making up the system. 

Potential energy of a system is due to 
its i)Osition or CDiifiguration. The work the 
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system can do in passing from its given 
position or configuration to a standard 
reference position or configuration is the 
measure of its potential energy. The ham¬ 
mer of a pile-driver, when raised, possesses 
potential energy due to its position, while 
a stretched rubber band possesses potential 
energy due to its configuration. 

4. Work is accomplished when a force 
acting on a body displaces it. The amount 
of work done by the force is determined 
by the product of the magnitude of the 
force and the distance through which the 
body is moved. Thus, if a force of 10 lb 
displaces a body 5 ft, the amount of work 
done is 10 X 5 “50 ft lb. The work done by 
an expanding fluid is given by, work 
“ Pdv. This integral can be evaluated 
only if the pressure, is known as a func¬ 
tion of the volume, v. Ui and t'a are the ini¬ 
tial and final volumes, respectively, of the 
fluid. 

5. Heat, from a strictly thermodynamic 
standpoint, is thermal energy in transition. 
When heat flows into a body, it is stored as 
thermal energy in tlie body. The unit used 
to measure heat and thermal energy is the 
British thermal unit. The mean Btu is de¬ 
fined as 1/180 of the amount of heat nec¬ 
essary to raise the temperature of one 
pound of water from 32 F to 212 F under 
a pressure of one standard atmosphere. 

The specific heat of a substance is the 
amount of heat, expressed in Btu, required 
to raise the temperature of one pound of 
the substance one degree Fahrenheit. 

Tlie normal latent heat of vaporization 
of a substance is the amount of heat, ex¬ 
pressed in Btu, required to change one 
pound of the liquid to vapor at standard 
atmospheric, pressure. The temperature, 
being the saturation temperature corre¬ 
sponding to the particular pressure of the 
substance during vaporization, remains 
constant during the change. The latent 
heat of vaporization will vary with pres¬ 
sure. Since the change takes place at con¬ 
stant pressure, the latent heat of vaporiza¬ 
tion is equal to the change in enthalpy. 

The latent heat of sublimation of a sub¬ 
stance is the heat necessary to change one 
pound of the solid substance to vapor with¬ 
out passing through the liquid state. The 
latent heat of sublimation of CO 2 is 248 



Btu per lb. This, together with the ap¬ 
proximately 27 Btu which is absorbed by 
the vapor in going from —109 F, the sub¬ 
liming temperature of CO 2 at atmospheric 
pressure, to 32 F, makes a total heat-ab¬ 
sorbing capacity of 275 Btu per lb. 

The latent heat of fusion of a substance 
is the amount of heat necessary to change 
one pound of the solid to liquid, the tem¬ 
perature and pressure remaining constant 
during the change. 

Thermal energy may be transferred as 
heat by any one of three methods or com¬ 
binations thereof, namely, radiation, con¬ 
duction, or convection. 

A body may dissipate internal kinetic 
energy by emitting electromagnetic radia¬ 
tion in the form of waves. This process of 
transferring internal energy from one body 
to another is called radiation. These elec¬ 
tromagnetic waves are identical in charac¬ 
ter with light and radio waves, differing 
from them only in wave length. 

Conduction in solids is probably effected 
by a transfer of kinetic energy between 
adjacent vibrating molecules. 

Convection is the transfer of thermal 
energy by mass movements. The move¬ 
ment of warm air through ducts, whether 
forced by a fan or free due to density 
variations, is by convection. Cooling a con¬ 
denser by air is partially a convection 
process. Heat flows by conduction from the 
condenser walls through a thin stagnant 
film of air, and is finally convected away 
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by the moving air which is in contact with 
the stagnant him. 

6. The working substance (refrigerant) 

is the medium by which the necessary 
transformations are carried out during the 
refrigerating cycle. From a thermodynamic 
standpoint, a number of characteristics are 
desirable in the working substance. The 
saturation pressure corresponding to the 
condenser temperature should be low, 
while the saturation pressure correspond¬ 
ing to the desired evaporator temperature 
should be high, since the smaller the pres¬ 
sure ratio the less the compression work. 
The vapor should have a high specific heat, 
while that of the liquid should be low. The 
specific volume-specific enthalpy relation¬ 
ship should be such that the required pis¬ 
ton displacement for a given load will be 
small. The latent heat should be large. 
The coefficient of perlormance should be as 
large as possible and the saturated vapor 
line should approach as nearly as possible 
an isentropic line. 

Refrigerant Properties 

7. Properties of the refrigerant wdiich 
are important in engineering thermody¬ 
namics are six in number. Three of these, 
pressure, volume and temperature, are 
directly measurable. The other three, 
internal energy, enthalpy and entropy, are 
functions of the first three. 

Pressure, P, is expressed in lb per sq ft 
or psi. 

FBbB = fW + 14.7 psi 

Specific volume, v (per lb), the volume 
occupied by one pound of the substance, 
is expressed in cu ft per lb. 

Temperature, T, is expressed in degrees 
Fahrenheit absolute. 

T.bi = 4iii»+460 

From the Carnot theory, tlie tempera¬ 
ture of a body is said to be zero absolute 
when all of the thermal energy has been 
removed from the body. This definition of 
absolute zero does not presuppose any 
theory of heat. From the standpoint of 
kinetic theory, absolute zero is reached 
when all molecular motion ceases, which, 
of course, presupposes a theory of heat. 

Internal energy, 'u, is expressed in Btu 


per lb. Kinetic theory attributes the in¬ 
ternal energy of a substance to the motion 
and configuration of the particles (mole¬ 
cules, atoms, and sub-atomic particles) 
which go to make up that substance. Tliat 
part of the internal energy due to the mo¬ 
tion of the particles is termed sensible 
thermal energy, while that part due to the 
configuration of the particles is termed la¬ 
tent energy. Only the sensible thermal 
energy can be detected by a thermometer. 

Enthalpy, /i, is defined by the expression 
/i=w + A/+, where A =1/778. In a flow 
system Pvis called flow work. When steady 
continuous flow exists, the product Pv 
represents the energy necessary to inject 
the fluid into the pipe entrance. Although 
in the case of a non-flow system no physi¬ 
cal meaning can be attachi'd to this term, 
the expression for h is still useful. For a 
non-flow system the change in h is equal to 
Q under a constant pressure change. 

Entropy, 5, is expressed in Btu per deg 
F ib. For an orderly process (reversible), 
the change in specific entropy is defined by 
the expression ds=d( 2 /T, The use of this 
term will be made clear in the discussion of 
the Carnot cycle (p. 9). 

8. The graphical representation of prop¬ 
erties is frequently used in tlie solution of 
refrigerating yiroblems. Any two properties 
may be used as rectangular coordinates 
for a chart. 

A skeleton Ph chart of the type most 
frequently used in refrigerating work is 
shown in Fig. 2. The saturated liquid line 
is the locus of the state points which repre¬ 
sent liquid having a temperature corre¬ 
sponding to the saturation pressure. The 
saturated vapor line is the locus of the state 
points which represent vapor having a 
tcmj)erature corresponding to the satura¬ 
tion pressure. The two lines meet at 0, the 
critical jioiiit. The critical ternj)eratLire is 
that temperature below which a gas must 
be cooled before it can be liquefied, 
regardless of tlie amount of pressure ap¬ 
plied. In the area to the left of the satu¬ 
rated liquid line, called the subcooled re¬ 
gion, the temperature of the liquid is less 
than the saturation temperature corre¬ 
sponding to the pressure of the liquid. In 
the area between the saturated liquid and 
saturated vapor lines a mixture of vapor 
and liquid exists. In the area to the right 
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of the saturated vapor line, known as the 
superheated region, the temperature of the 
vapor is greater than the saturation tem¬ 
perature corresponding to the pressure of 
the vapor. A state point is determined by 
any two properties on the chart except in 
the wet region, where the quality must be 
given in addition to the two properties. 

The Pv^ Ts and hs charts are also used in 
refrigerating work. The Pv and Ts charts 
have the advantage that areas on these 
charts have physical meanings. Since the 
work done by the expanding fluid is given 
by work = Jl^Pdv^ the area under the curve 
on the Pv diagram represents work. From 
the definition of change in entropy, dS 
= dQlT, it is seen that areas on the Ts 
diagram represent heat. 



Fig. 3. Temperature-Entropy Diagram 


The properties of certain refrigerants, 
especially carbon dioxide, must be con¬ 
sidered in a region wbieli lies outside that 
already discussed. Fig. 3 is a Ts dia¬ 
gram for carl)on dioxide wliich includes 
the triple point. At tein])eratiires above 
that at Py the trii)lc j)oint, CO 2 can 
exist as a lif|uid, a vapor or a mixture 
of liquid and vaj)or, as previously dis¬ 
cussed. At the triple \)oiiit, CO 2 can 
exist as liquid, vapor and solid, and 
if either of the two properties, pressure 
or temperature, is varied, one of the 
phases will disappear. At any tein]ierature 
below that at P, CO 2 will exist as a solid 
to the left of line AB, as a mixture of solid 
and vapor between the solid and saturation 


lines, and as a vapor to the right of the 
saturation line. 

First Law of Thermodynamics 

9. The first law of thermodynamics is a 

restricted statement of the law of con¬ 
servation of energy. It is restricted in that 
it is linn ted in its application to heat and 
mechanical energy. The first law of ther¬ 
modynamics states that heat and mechan¬ 
ical energy are mutually convertible and 
in a definite quantitative relationship, 
which is expressed in equation form as 
E=JQ. E is mechanical energy'', J, Joule’s 
mechanical equivalent of lieat (778 ft lb 
per Btu) and Q is heat. 

It should be understood that the first law 
does not give an answer to the question of 
how easily such transfoniiations can be 
carried out. Wliile any meclianical energy 
may be converted one hundred per cent 
into heat, which eventually must necessar¬ 
ily take place, the conversion from heat to 
mechanical energy is not so easily accom¬ 
plished. The first law may be extended and 
written as an energy balance for both static 
(non-flow) and flow systems. For a static 
system the energy balance is 

q = Ui — U\ A y. work 

In other words, the law states that any 
heat which is added to a system increases 
the internal energy of the system, leaves 
the system as work, or is divided between 
the two. If negative signs are given to any 
of the quantities, a reverse action is indi¬ 
cated, in that heat may flow from the sys¬ 
tem, the iiiteniMl energy may decrease, and 
work may be done on the system. 

For a flow system the energy balance is 

2|7 

boat heat 
eiiuiv- ermiv- 
alent alent 
of pD- of ki- 
tential nciic 
energy energy 


where Z represents the static head above 
some convenient level. The subscripts 1 
and 2 refer to any two cross-sections in the 
path of the fluid. The plus sign before q 


A veil* 

hi-\-AZi^ - ± g ± A ■ work =/i 2 -|-AZz-|- 

2g 

nn- boat Viout heat heat en- 

Lliiil- I'liiiiv- ctiuiv- arltled enuiv- thal- 

py aleiit lUent or nleiit py 

of po- of ki- re- of work 

ieiitial iielie. moved added 

energy energy or re¬ 

moved 



1. BASIC THERMODYNAMICS 


7 


represents heat added and the niinus sign 
represents heat withdrawn from the fluid 
between the sections 1 and 2, the direction 
from 1 to 2 being taken as that of the 
motion of the fluid. The plus and minus 
signs before work have a similar meaning. 

Applying the flow equation to a com¬ 
plete compression system, and assuming 
no heat leakage, Q^vap — fti.uii + A X work 
= 0, or OevnpH-A X work = i. The heat 
absorbed by the refrigerant in the evapo¬ 
rator, plus the heat equivalent of the work 
done by the compressor, is given out to the 
cooling fluid in the condenser. 

The flow equation may be applied to 
each unit separately. Assuming the static 
head through each unit to be negligible, 
the heat leakage small and no appreciable 
increase in kinetic energy of the fluid 
through the compressor, the following 
equations derived from the flow equation 
are applicable (subscripts refer to Fig. 2): 

wo rkcHiip =» hi — hi c ompressor 

7cnnd = — (^2 — h-i) noTulenser 

/j,3=/i.4 expansion valve 

7evBp = ^''4 — evaporator 

10. The use of tables and charts may be 
shown by the solution of a problem. 

Consider an ammonia rerrigeratiiig system 
which operates on tlie ideal cycle shown in 
Fig. 2. The sucLioii pressure is 20 psia and the 
discharge pressure 150 psia. The load is 50 
tons. Find (a) the weight rate of flow of am¬ 
monia, (b) horsepower of the compressor, 

(c) heat given up to the brine in the con¬ 
denser, (d) heal absorbed by the refrigerant 
in the evajiorator, and (e) the coefficient of 
performance. 

The values of h for the various places in the 
cycle may be taken from the Ph chart for 
ammonia nr from the tables. From the Ph 
chart hi is found at the intersection of the 
line P=20 psia and the saturated vapor line. 
This is Chart 2 of Chap. 7. 

hi =606 Btu 

Following an iscntropic line (constant en¬ 
tropy) from this point to the intersection of 
the line P = 150 psia, we find 

;i2=734 litu 

Proceeding from point (2) along the con¬ 
stant pressure line, P =150 psia, to the intcr- 
section with the saturated vapor line 

hi =630 Btu 


The constant pressure line, P = 150 psia, is 
followed further to the left until it intersects 
the saturated liquid line and we fiiifl 

;i 3 = 130 Btu 

Point 4 ill the cycle is located by proceed¬ 
ing from (3) along the line of constant en¬ 
thalpy (vertical on the Ph chart), until inter¬ 
section with the horizontal line, P=20 psia. 
Since this cliaiige is one f)f constant enthalpy 

/i4 = 1 30 Btu 


(a) weigh t 
rate 


(h) hp 


(e) 7aonfl 


(d) 7evHp 


(e) cop 


200 X tons 

= —---— lb per min 

(hy -hi) 

200 X 50 

_ 

= 21 11) per mill 
_21 Ui-i-hy) 

_2I (734_-6n6) 

42.42 
= 63.4 

= wi‘ight rate (A-a—/13) Btu per 
iiiin 

= 21 (734 -130) 

= 12,700 Btu per min 
= weight rate {h\—hi) Bin per 
min 

= 21 (606-130) 

= 10,000 litu per min 

heat al)st)rl)eil in evaporator 
energy supplied to compressor 
h\ — hi 

hi —hy 


606-130 

734-606 


= 3.72 


11. Thermodynamic changes from one 
state point to another may follow any 
number of paths, depending upon the man¬ 
ner in which the change is carried out. 

An adiabatic change is one in which no 
heat flows into or out of the system. 

An isothermal change is one in which the 
temperature of the working substance re¬ 
mains constant. 

An isentropic change requires that the 
entropy of the substance remain constant 
in addition to being adiabatic. If the me¬ 
dium is such that it obeys the perfect 
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gaa laws in the region in question, the 
functional relationship between pressure 
and volume is Pv'^ = const, where k = Cj^lCv‘ 
Cp and Cv are the specific heats at constant 
pressure and constant volume, respec¬ 
tively. 

A polytropic change for a gas follows 
the path represented by Pv" = const, where 
(I <n <k). 

12. Work of the compressor is found by 
use of an expression which is easily de¬ 
veloped. Fig. 4 shows an ideal indicator di¬ 
agram A-B-C-D for a compressor without 



VULUMi: 

Fig. 4. Ideal Indicator Diagram without 
Clearance 


clearance. The change A-B is a yiolytropic 
compression following the law Pv" =c from 
a pressure P^ and volume to a pia'ssure 
p 2 and volume Tz- B-C represents expul¬ 
sion of the refrigerant vap<)r at constant 
|>ressure P 2 into the high-iJiessure side of 
the refrigerating system. D-A rejiresents 
the suction stroke when the low-pre.ssurc 
refrigerant enters the compressor. Re¬ 
membering that the area under a curve on 
the Pv diagram represents work, the area 
A-B-C-D-A may be seen to represent the 
work done by the compressor during a 
cycle. 


work during suction 
stroke 

work during compres¬ 
sion 

work during expulsion 


D-A = AT, 

(n-1) 

B-C = - AT 


The net work for the cycle is found by 
adding algebraically the separate expres¬ 
sions 




PxVi-PiVz 

n — 1 


+P,Vi-P,V, 


W. -^ (PiF.-PxV.) 

n — 1 


This equation may be transformed into the 
form 


W, 


-.4t[.-( g).] 


which shows that the work of compression 
depends upon the pressure ratio. 

The effect of clearance may be con¬ 
sidered by referring to Fig. S. The changes 
3-4 and 5-2 are polytropic. For mechanical 
reasons it is necessary to have some clear¬ 
ance, which means that some gas volume 
will remain in the cylinder at the end of the 
discharge stroke. This high-pressure gas 
expands behind the cylinder, and the in¬ 
take valve does not open until the gas 
pressure drops to that of the intake. The 
volume Vc is known as the “clearance 
volume,” and the ratio of this volume to 
the displacement volume, Vc/Vd, is 
known as the “clearance.” 

The area 2-3-4-5, which represents the 
work of the cycle, is the difference between 
the two areas 1-3-4-6 and 1-2-5-6, each of 
which represents a no-clearance type cycle. 
The exprcssir)ii for the work of this type 
of cycle has been developed. 

Subtracting the expressions for the work 
for these two cycles, work for cycle 




Thus clearance has no effect on the work, 
provided the actual volume of gas taken 
in is used in place of the displacement vol¬ 
ume. 

13. An expression for the theoretical 
volumetric efficiency, which is the ratio of 
the theoretical intake volume to the dis¬ 
placement volume, may be easily de¬ 
veloped. 


Vi Ta-Tz 
Vd T3-Tb 




polytropic change 
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Fig. 5. Ideal Indicator Diagram with 
Clearance 


v,-l\ 


V'a-n 



1/n 


wc have rj 


the rlearanpe 


_ 

Fa-T\ V,-V,\PJ 

C ij 

“ Fb-Fb^ Vd 


/P2V'*^ 

thus ri = I-\-C— C y—J 

14. The second law of thermodynamicSi 

which limits the conversion of hent energy 
into mechanical energy, may be stated in 
several different ways. Two statements of 
the law are; heat of itself cannot flow uyi a 
temperature gradient, and no self-acting 
machine can completely and continuously 
transform all of the heat supplied to it into 
mechanical energy. 

15. The Carnot cycle is a theoretical,high¬ 
ly idealized cycle which permits the deter¬ 
mination of the maximum possible amount 
of mechanical energy which may be de¬ 
rived from a given amount of heat energy. 
The Carnot cycle on a Ts diagram is shown 
in Fig. 6. The cycle is made up of two 
isentropic and two isothermal changes. All 
changes are considered to be reversible. 
The area under B-C to the s axis repre¬ 


sents heat supplied to a Carnot engine at a 
high temperature, Ti, and the area under 
A-D to the 5 axis represents heat given out 
by the Carnot engine at the low tempera¬ 
ture, 7 'd. The area A-B-C-D represents 
the heat equivalent of the work done dur¬ 
ing the cycle by the Carnot engine. 


Efficiency = 


output 

input 


Qi ~ Qn 


Ti 


Note that the Carnot efficiency increases 
as To decreases. The practical limit of Tp 
is the temperature of the atmosphere. A 
lower temperature could be maintained, 
but would require the expenditure of 
energy as great as that which would be 
gained b.y the engine. 

A reversible engine working between 
given temperature limits is the most effi¬ 
cient one which can be f)perated between 
the same temperature limits. 

Available energy is defined as the maxi¬ 
mum conceivable amount of a given 
amount of hc!it energy which may be 
transformed into mechanical energy. 


The available energy is always less than 
the energy supplied because it is impos¬ 
sible to expand to absolute zero. 

Unavailable energy is the minimum 
amount of energy which must be rejected 
from a Carnot engine at the h)wi\st avail¬ 
able tenij^erature. 


Qiinnvuil — 


T 

Ti 


7’dA*S' 


This equation states that if Q units of heat 
are added to a body at a temperature Tj, 
the unavailable energy of the lieat added is 
given by the product 7^o, the lowest avail¬ 
able temperature, and the increase in 
entropy (A»S’) of the body due to the heat 
added. 

If the entropy within a system increases 
due to friction, the unavailable energy of 
the system will increase. The increase in 
unavailable energy accompanying any self¬ 
proceeding change in nature is equal to the 
product of the increase in entropy and the 
lowest available temperature. Entropy is, 
therefore, a measure of availability. 

Example. 100,000 Etu are supplied to a 
large body at constant temperature, 212 F. 
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If the temperature of the atmosphere is 40 F, 
which may be taken as the lowest available 
temperature, how many 13tu arc available 
for doing mechanical work? 

A^olution: The increase in entropy of the 
body due to the lieat added is 

Q 100,000 

“Ir-~ (ifiO+212) 

100,000 

Qu..HVBii= 7 'dAW -= 500 X— 7 —— =74,405 Btu 
672 

Since the Carnot cycle is a reversible 
onf', heat inin be absorbed from the cold 



ENTROPY S 

Fig. 6. Carnot Cycle 

body, energy supplied to the Carnot en¬ 
gine from without the system and heat ex¬ 
pelled at the higli temperature, The 
reversed Carnot cycle gives the oi)timuin 
of performance for any refrigerating ma¬ 
chine. It is clear tliat it would be impos¬ 
sible to attain it in in actice. 

16. The caefficient of performance (cop) 
of a refrigerating system is defined as 


heat absorbed at low temperature 
heat Bfpiivalant of work done 
For the Carnot cycle, 

Q, Tn 
Q\-Q> Ty-T, 

Example. If 6 hp are siijjplied to a refriger¬ 
ating machine operating on the Carnot 
l•yclc with a coelFicient of performance of 
4, (a) how many Btu per min are removed 
from the cold body; and (b) how many Btu 
per min are rejected at the high temperature? 

t^oluiion: (a) G hp is equivalent to 6 
X 33,000 = 198,000 ft lb per min 


198,000 

Qi - Qo= Btu 


^ " A 

cop =-=4 

Qx - Q. 


l9K.f)00 

Q,=A{Qx - (},) =1 X—- = 1018 Btu 


5X1018 ^ . 

(h) Q\ =-' 5/4f,l(j —- =12^2 Bt u per niiii 

4 


17. One ton of refrigeration is defined as 
200 Btu absorbed per min or 12,000 Btu 
per hr. A ton-day is erpial to 2l88,000 Btu, 
wdiicli is equivalent to the latent beat of a 
ton of iee. 
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2. COMPRESSION CYCLE OF RECIPROCATING 
COMPRESSORS 


1 . The compression cycle starts where 
the suction vapor enters the suction stop 
valve and ends where the compressed 
vapor leaves the discharge stop valve on 
the way to the condenser. An analysis of 
the comprcssi[)ii cycles of the two most 
commonly used refrigerants, anhydrous 
ammonia and Freon-12, is given here. 

Since the reciprocating compressor is the 
most important element of this cycle, its 
beliavior under varying operating condi¬ 
tions will he studied first. 

In Chapter 23 the design and handling 
of industrial compressors arc described. It 
is the purpose here to point out ln)w these 
two factors affect the operating results of 
these machines under varying pressure and 
temperature conditions. 

Standard Rating Cycle 

2. Some years ago The American So¬ 
ciety of Refrigerating h]ngineers proposed 
and adopted certain standard operating 


conditions for rating refrigerant compres¬ 
sors. These standard rating conditions arc* 

Saturated evaporation temperature, 
5 F 

Suction gas to compressor, 9 deg supei- 
heat, 14 F 

Saturat e d v on rlensi iig tern p erature, 

SO F 

Liquid at expansion valve, 9 deg suj)er- 
cooled, 77 F 

The correspoiiding arninonia pressures 
are 109.2 anti 31.27 psia, or a compression 
ratio of 4.937. For Freon-12 these pressures 
are 107.9 and 26.51, or a compression ratio 
of 4.006. 

On Fig. 1 are shown the T -s, P —h, and 
indicator card {P—v) diagrams of the 
standard rating cycle, with reference 
points given in Table 1 and operating data 
in Table 2. Tliey ttiie basetl entirely on 
ideal or tlieoretica! comlitions, from which 
actual machines depart. Fig. 2 shows the 


Table 1. Reference Points for Standard Rating Cycle Analysis 


Refrigerant 

Point 
(Fig. 1) 

V 

psIa 

V 

cu ft/lb 

t 

F 

8 

Btu/lb F 

h 

Btu/lb 

Ammonia 

1 

169.2 

0.02691 

B6 

0.2875 

13B.9 

Freon-lZ 


107.9 

0.0124 

B6 

0.0570B 

27.72 

Ammonia 

2 

169.2 

0.02657 

77 

0.26B5 

128.4 

Freon-12 


107.9 

O.OIZZ 

77 

0.05315 

25.56 

Ammonia 

3 

34.27 

1.176 

5 

0.2B20 

12B.4 

FreDn-12 


26.51 

0.3557 

5 

0.055B9 

25.56 

Ammonia 

4 

34.27 

B.15 

5 

1.3253 

613.3 

FrBon-12 


26.51 

1.4B5 

5 

0.17052 

7B.79 

Ammonia 

5 

34.27 

B.241 

14 

1.3369 

61B.7 

FreDn-l2 


26.51 

1.516 

14 

0.17317 

80.04 

Ammonia 

6 

169.2 

Z.3B7 

222. B 

1.3369 

720.6 

Freon-12 


107.9 

0.416 

109.5 

0.17317 

91.13 

Ammonia 

7 

169.2 

1.772 

86 

1.1904 

631.5 

FreDn-12 


107.9 

0.3B9 

86 

0.16640 

87.37 


[11] 
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cfrti of ammonia or rreon-12 per ton for the sinjsle-stage compression refrigeration 

various other operating conditions. The system with lettering to correspond to the 

three discharge pressures plotted are points in Fig. 6. Figs. 5 and 7 refer to the 

nearly the same in temperature for the two compressor alone and Figs. 6 and 8 to the 

refrigerants, so that the curves give a close entire system. Compression cycle points 

indication of cnmjiarativc compressor sizes, are denoted in capital letters and system 

Fig. 3 gives adiabatic discharge tempera- points in small letters, 

tures which are considerably 
lower for Freon-12 than for 
ammonia. 

OnFig.4the theoretical adia¬ 
batic power requirements for an- 
liydrnus ammonia compression 
at various suction pressures are 
l)loLted for three different con¬ 
denser pressures. The solid 
curves give the values for single- 
stage compression and the bro¬ 
ken curves for compound com¬ 
pression. The theoretical equiva¬ 
lent values for Freon-12 are 
about 08% of those for am¬ 
monia. 

Theoretical Compression 
Cycle 

3. For a clear understanding 
of the theorctiKil cycle three 
diagrams arc useful; first, the in¬ 
dicator diagram, Fig. 5; second, 
the temperature-entropy dia¬ 
gram, Fig. 6; and third, a plot 

of temperature against crank d zo 4 d k 

position, which is called the saturated suction temperature r 



time-temperature diagram, Fig. 
7. The cycle diagram. Fig. B, 
shows the essential elements of 


Fig. 2. Cfm Freon-lZ or Ammonia per Ton 

(SaiuntMi euDbion and liquid expanaion at aaturation temperature 
correepondinK to diechargB preaeure.) 
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Table 2. Standard Rating Cycle Data 


Ammonia Freon-12 

RefrigeratinK effect, Btu per 

lb 490.3 54.4B 

Cfm per ton 3.36 5.56 

Adiabatic hp per ton 0.979 0.959 


In Figs. 5 and 7, AB represents the nom- 
pression, BC tlie discharge, CD the re¬ 
expansion, DA the suction. In Figs, h and 8, 
a is the suction from D to A (Figs. .5 and 7), 
h is the discharge from B to C, c is the 
liquid leaving the condenser, e the mixture 
of liquid and vapor leaving the expansion 
valve. After passing through the evapo¬ 
rator the cycle is completed at the suction 
a. The line CD is not shown in Figs. 6 and 
8. It represents the re-expansion of the 
vapor trapped in the clearance space of the 
compressor. Area a-h-c~d-a represents the 
work of adiabatic corni)ression from a to b, 
and area e-f-g-a-c the refrigerating effect, if 
distance e-f, which is foreshortened in the 
figure, represents the absolute temperature 
of the evaporating liquid. In I'ig. 7 level 
DA represents the tem|)crature of the in- 
coniing suction gas, and level BC the theo¬ 
retical discharge temperature, which is also 
represented by point b of Fig. li and de¬ 
veloped further in Fig. 3. 



Fig. 4. Theoretical hp/ton for Ammonia 
Compressor 

fur FrinHi-12 appruxiumltily U8% for aniiiD 
Bucliuii aiirl (‘DitiluiiaiiiK tcmpRraturcB; broken line 
RurveH apply to compound compn^Baion with Pint='l-l 
VjP«yc( iHt BtaRB; (lischargB water cooled to 108 

F and cooled by ammonia to Huturation temperature. 
Lii]uid cooled i)y ammonia to aaturalcd intermediate 
temperature. 

Figs. 5, (), and 7 are constructed for 
adiabatic compression, since it is custo¬ 
mary to use adiabatic compression ns the 
stanilarrl of comparison on refrigeration 
duty. Air compressors are frequently coin- 



SATURATED SUCTION TEMPERATURE, F 

Fig. 3. Adiabatic Diecharge TempBraturos 



Fig. 5 (above). Indicator Diagram 
Fig. 6. Temperature-Entropy Diagram 
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Fig. 7. Theoretical Time-Temperature Diagram 


ptiroil with tlie isothermiil, ;ind on indica¬ 
tor cards from refrigerating^ machines the 
isothermal compression curve (oompres- 
sion exponent of 1) is frequently drawn in 
for the purpose of studying valve action in 
the compressor. Actually, in refrigeration, 
the isothermal curve has no i)hysical 
meaning (unless there is extremely high 
suction superheat), since isotlierinal com¬ 
pression would result in the discharge of 
subcooled liquid refrigerant instead of 
vapor and, due to the change of state, the 
volume would be very much reduced be¬ 
low the curve with the exponent 1. 
Furthermore, if a cooling fluid were avail¬ 
able at a temperature low enough to equal 
the suction temperature (again excepting 
the case of high suction superheat), there 
would be no need for the refrigerating 
plant, as the cooling fluid itself could be 
used directly. 

Clearance Volume 

4. A reciprocating compressor cannot be 
designed so that all the vapor contained in 
it is forced out by the piston at the end of 
the discharge stroke. There must be some 
clearance between the piston and cylinder 
heads at that point of the stroke. The de¬ 
sign and location of the compressor valves 
often leave pockets that the piston cannot 
fill completely. This total space is called 
the clearance volume. 

The vapor confined in the clearance 
volume has been compressed to the con¬ 
denser pressure, and when the suction 
stroke begins this vapor will re-expand and 
will not allow the suction valves to open 
and admit additional vapor until its pres¬ 
sure has been reduced to the suction pres¬ 


sure (Fig. 5). The following is a discussion 
of the effect the clearance volume has on 
the theoretical vapor pumping capacity of 
the compressor. 


Nomenclature and Equations (see Fig. 5) 


Fp= piston displacement 
Vc = clearance volume 
Fd =rc-expansion volume 

..=pe.centde.ran..-i^ 


?i = compression exponent 

V, = V^-V.l(P2/Pj)^^'^-l] 

V.^mVp/lOO 
72 = compression ratio 
= volumetric efficiency of theoretical 
cycle, which is 



= 1 - 


m 

Too 


( 721 /-- 1 ) 


Tables 3 and 4 respectively list the 
values of (72'/“ — 1)/lOO for ammonia and 
for Freon-12. Then the theoretical volu¬ 
metric efficiency = 1 — (percentage of clear¬ 
ance X tabular value). 

Applying the clearance factors to the 
standard rating cycle, the theoretical volu¬ 
metric efficiency of the compressors operat¬ 
ing under these conditions for varying 
clearance volumes for ammonia is 


m r/169.2y/i* 
Too L\34.27/ 


-1 


] 


= l-0.024157ri 


Theoretical volumetric efficiency of 
Free 11 -12 compressor is 


m r/107.9y/^-| 
~IooL\26.51/ 

= 1 - 0.02433m 

These equations show conclusively that 
for the same percentage of clearance its ef¬ 
fect on the theoretical displacement is 
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practically the same for both ammonia and 
Freon-12. As a matter of fact, the theo¬ 
retical volumetric efficiency of compressors 
having the same clearance volume is less 
for the Freon-12 than for the ammonia 
compressor, when operated at their re¬ 
spective compression ratios corresponding 
to the same heat levels for suction and dis¬ 
charge. 

For the analysis of the actual compres¬ 
sion cycle, the effect clearance has on the 
weight of refrigerant hanilleil by the com¬ 
pressor in the theoretical c^'cle must be 
known. 

Referring again to the indicator diagram 
shown in I'dg. 5 it appears that, if; 

Wc = weight of the recirculated gas, in lb 
per min 

Wi = weight of suction gas, in lb per min 

r, = specific volume of the suction gas in 
cu ft per lb, 

then 




100 




Wc = - 


E] El 


- WHr, 

100 

. 


This shows that both the weight of the 
refrigerant flowing through the compressor 
and that which recirculates continuously 
can be calculated for the theoretical cycle. 
Tabl es 3 and 4 can be used to obtain /i*/'* 
by adding 0.01 to the values given in them 
for the R under consideration. 

The effect of clearance on the theoretical 
cycle when the ratio of compression is 
changed is illustrated in Fig. 9. In this 
figure, the theoretical cards of two ma¬ 
chines having different clearances are 
shown. Card ABiCiDA is the record of the 
machine having the larger clearance, Vc\; 
and AB 2 C 2 DA is the card of the machine 
having the smaller clearance, Fez, when 
operating between i)ressures pi and 
These machines both handle the same vol¬ 
ume of suction gas, Fc, but the larger- 
clearance machine must have a larger dis¬ 
placement, Fpi, than the smaller-clearance 
machine whose displacement is F^. The 



CYCLE DIAGRAM 


Fig. B. System Related tD Cycle Diagram 


theoretical power consumption of both 
compressor is the same when operating 
under the same suction end discharge pres¬ 
sures, pi and pz- 

If, now, the uictioii pressure is raised to 
pi', without changing flic discharge pres¬ 
sure, the card for machine 1 becomes 
A'B/CiDi'A', and of machine 2 becomes 
A'Bz'CzDz^A'. In this case, the two ma¬ 
chines which formerly had the same ca¬ 
pacity, Ff;, now liave different capacities, 
Ff;i and Vg 2 , the larger elearance machine 
havdng increased in capacity more than the 
smaller-clearance machine. Conversely, if 
the ratio of eomiiression had been in¬ 
creased, the capacity of machine 1 would 
hav'c decreaseil more than that of machine 
2. On the other hand, of two compressors 
having the same piston displacement 
the one having tlie sniMller volumetric 
clearance will liavc the larger ca[)!Lcity ir¬ 
respective of tlie compression ratio under 
which they are compared. 

Tlicsc conclusions are true for the theo¬ 
retical compression cycles of all refriger- 


Table 3. Clearance Factors for Ammonia, 
(R'^‘-l)/100 when n = 1.3 


R 

.0 

.2 

.4 

.6 

.8 

1 

.0000 

.0015 

.0030 

.0044 

.0057 

2 

.0070 

.00B3 

.0096 

.0109 

.0121 

3 

.0133 

.0145 

.0156 

.0163 

.0179 

4 

.0190 

.0201 

.0213 

.0223 

.0234 

5 

.0245 

.0255 

.0266 

.0276 

.□2B7 

6 

.0296 

.0307 

.0317 

.0327 

.0337 

7 

.0347 

.0357 

.0366 

.0376 

.0386 

B 

.0395 

.0405 

.0414 

.0423 

.0423 

9 

.0442 

.0451 

.0460 

.0470 

.047B 

10 

.04BB 

— 

— 

— 

— 
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Table 4. Clearance Factors for Freon-12, 
(Ri/’‘-l)/100 when n = 1.138 


R 

.0 

.2 

.4 

.6 

.8 

1 

.0000 

.0018 

.0034 

.0051 

.0068 

2 

.0084 

.0100 

.0116 

.0132 

.0147 

3 

.0163 

.0178 

.0193 

.0208 

.0223 

4 

.0238 

.0253 

0268 

.0282 

.0297 

5 

.0312 

.0326 

.0340 

.0355 

.0371 

5 

.0383 

.0398 

.0411 

.0425 

.0440 

7 

.0456 

.0468 

.0480 

.0495 

.0510 

8 

.0523 

.0535 

.0549 

.0562 

.0576 

Q 

.05BD 

.0603 

.0617 

.0633 

.0645 

10 

.0657 

— 

— 

— 

— 


These two practical limitations demand 
that the piston displacement of the actual 
compressor be greater than the volume 
of the suction vapor drawn to the suc¬ 
tion stop valve. The ratio of the volume 
of the suction vapor and the corresponding 
piston displacement is called the total 
volumetric efficiency (also real volumetric 
efficiency and charge volumetric efficiency). 

Since the real volumetric efficiency of 
the actual compression cycle is always less 
than that of the theoretical cycle, it fol¬ 
lows that the power consumption per unit 
weight of gas handled of the former is 


ants. The analysis of the actual 
compression cycle appearing in this 
chapter, under the heading "Real 
Volumetric Efficiency" (page 20), 
proves that these conclusions are 
not true for those refrigerants 
having a high specific weight, such 
as for instance Frenn-12. 

Compressor Performance 

5. The performance of a com¬ 
pressor departs to a marked degree 
from the theoretical. To dotennirie 
the required piston displaceinent of 
a compressor or check the siz(‘ of a 
cnmi)rcssor for a given refrigerat¬ 
ing duty under given temperature 
and pressure conditions, it is neces¬ 
sary to evaluate as closely as possi¬ 
ble the effect which the design of 
the compressor and the materials 
from wliich it is constructed have 



on the refrigerant gas flowing Fig. lO. Normal NH 3 Card 

through it. 



greater than that of the latter. 

These dejjartures from thenreti- 
cal calculations are caused by the 
following factors; 

A. Wiredrawing 

B. Cylinder heating 

C. Suction superheat 

D. Water jacketing of compres¬ 
sor cylinders or cooling by 
radiation 

E. Wet compression 

F. Speed of rotation. 

A. Wiredrawing. A compressor 
is expected to produce its rated 
capacity at specified conditions, 
usually measured at its suction and 
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Fig. 11. Normal 
F-12 Card 



discharge stop valves. For flow to take 
place, there must be pressure losses 
through the stop valves, compressor pas¬ 
sages and compressor valves, including 
eddy currents within the gas. There must 
also be sufficient pressure differences across 
the valves to overcome spring and valve 
weight and inertia. The power expendetl on 
the gas to overcome these losses, occa¬ 
sioned by the design of tlie compressor, is 
called wiredrawing. It has the effect on the 
card (Fig, 5) of bowing the suction line 
down and the discharge line up, and in¬ 
creasing the indicated work. At the end of 
each stroke the piston velocity becomes 
zero, so the lines tend to return to points A 
and C. The wiredrawing losses add to the 
heating of the gas during its flow through 
the compressor. 

Figs. 10 and 11 give samples of normal 
compressor indicator cards of well-designed 
ammonia and Freon-12 compressors, re¬ 
spectively. The wiredrawing effect is the 
work equivalent of the area of the indicator 
card above the discharge pressure line plus 
the area below the suction pressure line. 
This effect is generally expressed in terms 
of the ratio of the total indicator card area 
and that part lying between the actual 
suction and discharge pressure lines. 

This ratio for the card of the ammonia 
compressor (Fig. 10) is 1.015, and of the 
Freon-12 compressor (Fig. 11), 1.17. 

Since both these indicator cards are 
labeled "normal/’ an explanation of the 


great difference between the wiredrawing 
effects of the two must be given. 

While the resistance offereil to the flow 
of the refrigerant through the suction and 
discharge ports and valve housings adds to 
the wiredrawing, a considerable jjercentage 
of this work in a modern well-designed 
compressor is used up for accelerating the 
gas through the suction and discharge 
valves. 

In a compressor so designed that tlie 
suction gas passes tlirough suction valves 
in the piston, any initial velocity this gas 
may have had in the suction main is ar¬ 
rested and turned into heat before the suc¬ 
tion stroke begins. The same is true of the 
gas before it flows through the discharge 
valves. Therefore the gas must be acceler¬ 
ated from zero velocity. In addition, basing 
the design of the valves entirely on the 
ratio of the piston displacement and the 
effective area of the valve opening i.s mis¬ 
leading, because the tension of the valve 
springs decreases this area, particularly at 
the lower speeds of the piston travel. 
Therefore a careful study of the loading of 
the valves, both from the point of view of 
their correct functioning and also from its 
effect on the work of wiredrawing, must be 
made to obtain all-round satisfactory com¬ 
pressor performance. 

Again referring to the standard rating 
cycle, the data in Table 2 show that the 
weight of refrigerant circulated becomes 
0.4079 and 3.671 lb per min per ton for 
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ammonia and Freon-12, respeetively. In 
this case about nine times as much Froon- 
12 by weight must be cireulaterl. If the ae- 
celeration of the Freon-12 gas ])assing 
through the suction and discharge valves is 
the same as for the ammonia compressor, 
the wiredrawing elTect of tlie former will be 


nine times that of the latter. Since 
the work of acceleration is generally 
more, the wiredrawing effect is further 
increased. 

A comparison of the four indicator 
diagrams shown in Figs. 12,13, 14, and 
15 leads to a further explanation of the 
apparent excessive wiredrawing re¬ 
corded on indicator cards of Freon- 

12 compressors. 

All the indicator diagrams record 
the pressure and volume changes 
occurring during the compression cycle 
in a compressor of the same size oper¬ 
ating at somewhat varying speeds and 
differing pressure ratios. Figs. 12 and 

13 show these changes for ammonia 
gas and Figs. 14 and 15 for Freon-12 
for high and low compression ratios, 
respectively. In Table 5 appear some 
data obtained from the analysis of 
these diagrams. 

The high wiredrawing effect showm 
on cards of Figs. 13,14, and 15 cannot 
be accounted for by velocity changes 
alone. Furthermore, the apparent compres¬ 
sion exponents for these three cards is too 
low. For Freon-12 it is practically isother¬ 
mal. In addition, the theoretical ihp for the 
Freon-12 cards is in excess of the actual 
ihp between the suction and discharge 
pressure lines. The conclusion must be that 


Fig. 13. Wiredrawing Ef¬ 
fect-Normal NH,i Card 
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Fig. 14. Wiredrawing Effect— 
Normal F-IZ Card 



these indicator cards do not show the ac¬ 
tual pressures in the compressor cylinder 
at the respective locations of the piston. 
Also, that this la^^ring action must be the 
result of the time necessary to overcome 
the inertia of the refrigerant entering and 
leaving the instrument. This action is par¬ 
ticularly noticeable with Freoii-12 on ac¬ 
count of its high specific weight. The 
instrument itself may be partly rcsj)onsil)lc 
for these distortions. 

Due to the fact that the piston comes to 
rest and reverses its motion at the end of 
the stroke, the inertia effect of the gas 
balances out so that the power measured 
on the indicator card will be reasonably 
close to the actual power developed in the 
compressor. 


B. Cylinder heating. Another principal 
cause for deviation between actual and 
theoretical perforrminee is the exchange of 
heat between gas and cylinder walls. Since 
the cylinder walls (including cylinder head 
and piston head) are in contact with alter¬ 
nately hot and cold gas (Fig. 7), they will 
tend to take up a moan temperature some¬ 
where between the two extremes, such that 
the heat transfer to the walls during the 
time the gas is hotter than the walls will be 
exactly balanced by the heat transfer to 
the gas when it is cooler than the walls, 
plus the heat leakage outward to the 
atmosphere surrounding the cylinder, or, 
if jacketed, to the jacket water. The inner 
wall surface temperature will then fluctu¬ 
ate about this mean temperature during 


Table 5. Comparisons of Ammonia and Freon-12 Indicator Diagrams 


Fig. No. 

12 

13 

14 

15 

Refrigerant 

NHa 

NH, 

FrBDn-12 

FreDn-12 

Compression ratio 

B.36 

3.0667 

4.59 

2.646 

Compression ratio based on Freon-lZ 

b.B6 

2.6B 

4.59 

2.646 

Wiredrawing 

1.042 

1.09 

1.12 

1.29 

Apparent exponent — n 
for compression curve 

1.2B 

1.252 

1.024 

1.012 

for expansion curve 

1.30 

1.283 

1.012 

0.998 

Actual ihp between pressure lines 

104.2 

11B.5 

102.6 

107.4 

Total ihp 

108.6 

129.0 

115.0 

138.4 

Theoretical ihp 

88.9 

106.1 

102.7 

108.8 
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Rach revolution by such an amount as is 
Railed for by the heat transferred. Various 
parts of the wall are exposed for various 
periods during the revolution, so that the 
mean temperature taken up, and the 
amount of heat transferred per unit of wall 
area, will vary with the position of the 
piston. Wirth has measured the wall 
temperatures at various points in a com¬ 
pressor. 

Fig. 16, which is schematic only, is 
adapted from AVirth. The curve marked tg 
corresponds to Fig. 7 for an actual machine; 

represents (mean) wall temperature; sin, 
exposed surface multiplied by mean wall 
temperature of that surface; and st„ the ex¬ 
posed surface multiplied by gas tempera¬ 
ture. The vertical distance between the 
latter two is then proportional to the heat 



Fig. 16. Tims-Temperftture Diagram 
for Actual Caao 


transfer, which is from the upper curve to 
the lower one. The dotted line at the be¬ 
ginning of the suction stroke is the tem¬ 
perature of the suction gas. The point 
where it crosses the dividing line between 
expansion and suction represents the tem¬ 
perature in the suction pipe. As it mixes 
with the re-expanded gas at higher tem¬ 
perature, and absorbs heat from the cylin¬ 
der walls, it rises in temperature. 

The theoretical volumetric efficiency is 
based on having suction gas at the start of 
tlie compression stroke at the same tem¬ 
perature as in tlie Buction pipe. The real 
volumetric efficiency takes into account 
the temperature of the gas at the end of the 
suction stroke, and the increased specific 
volume at that temperature. It has been 
shown by calculation that the ratio of indi¬ 
cated work to heat absorbed during the 
Buction stroke in a single-stage ammonia 
compressor varies from about 2.6 to 3.8 
with suction pressures between 35 and 5 
psig, and with discharge pressures varying 
from 145 to 205 psig. The discharge pres¬ 
sure makes little difference in this ratio, al¬ 
though much in the actual temperature 
rise. The heat absorbed per lb of NHa 
varies between 29.7 and 64.6 Btu, corre¬ 
sponding to temperature rises of roughly 
55 and 100 F. 
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Fig. 17a. Effect of Heat Absorption in 
Cylinder Walls (P-V) 

Fig. 17b. Effect of Heat Absorption in 
Cylinder Walls (T-S) 


During the first part nf tlic compression 
stroke, more heat is ahsorbetl, but once the 
gas temperature exceeds the wall tempera¬ 
ture, the transfer is reversed, and for the 
remainder of the compres.sion stroke, the 
discharge stroke, and the start of the ex¬ 
pansion stroke, the gas is giving up heat to 
the wall. The quantity of heat absorbed by 
the walls must be equal to the heat previ¬ 
ously given up to the gas, plus the heat 
withdrawn through the walls. Since the 
time during which this takes place is con¬ 
siderably less than that during which the 
gas is being heated, the temperature dif¬ 
ferences must be greater, and the mean 
temperature of the wall must be closer to 
the suction stroke gas temperature than to 
the discharge stroke gas temperature. 

Considering the effects on the indicator 
card and the temperature entropy dia¬ 
gram, we have Figs. 17a and 17b. In Fig. 
17a, exaggerated for clarity, DA repre¬ 
sents approximately the volume of suction 
gas at the end of the suction stroke, and 
DAi the volume of the same gas in the suc¬ 
tion pipe. The total volumetric efficiency is 


then DAi/Fp and the ratio DA|/DA is the 
volumetric efficiency due to cylinder heat¬ 
ing. Dashed lines AiBi and AB 2 are lines of 
constant entropy, put in for comparison 
with the compression line AB. The actual 
mean discharge temperature is somewhat 
less than is indicated by point B, since the 
gas remaining in the cylinder continues 
giving up heat to the cylinder walls 
throughout the discharge stroke. The area 
above line p 2 and below line pi represents 
the wiredrawing loss. 

In Fig. 17b, point a represents the con¬ 
dition in the suction pipe, a' the end of the 
suction stroke, a'b' the compression stroke, 
and b'b" the discharge stroke, the drop 
being the cooling by the cylinder walls. The 
mean temperature of the discharge gas will 
fall between b' iind b". Area aa'b'cda does 
not represent the Avork of compression but 
the area e-f-g-a-e, which is fore-shortened, 
represents the refrigerating effect. If the 
compressif)n were adiabatic, the excess of 
h' over b wovdd re[)reseiit the iiicrease in 
WDvk over that nf isentropic enni])]ession; 
in the actual non-adiabatic case, b' niay 
fall above or beloAv h. 

During re-expansion, the gas is first 
cooled by the cylinder walls, and then 
heated. 

C. Suction superheat. Superheat in¬ 
creases the specific volume of the suction 
vapor. It also increases the total heat of the 
vapor and hence the refrigerating effect per 
pound of refrigerant flowing through the 
cycle, provided the heat absorbed by the 
vapor in being superheated repre-sents use¬ 
ful refrigeration. Cooling the liquid refrig¬ 
erant, on its way from the receiver to the 
evaporator, in countercurrent flow with the 
suction gas before it reaches the compres¬ 
sor, produces a useful refrigerating effect. 

The data pre.sented in Tables 6 and 7, 
also in Fig. IB, demonstrate that tlie re¬ 
frigerating capacity of Freon-12 compres¬ 
sors increases and the power per ton de¬ 
creases as the suction ga.s superheat in¬ 
creases. The reasons for these facts appear 
clearly from an analysis of the te.st data in 
Table 6, the results of which are recorded 
in the curves shown in Fig. 19. 

To make this analysis, the equation 
given in section 4 of this chapter (page 15), 
showing the relation in the theoretical 
cycle of the weight of gas, flowing 
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Table 5. Test Results on a 15-hp, 1,150 rpm, Completely Enclosed Freon-12 Compressor 
with a Water-Cooled Motor at 130 psi Discharge Pressure and 37 psi 
Suction Pressure 

(CalculatiunH baaGcl on constant volumetric efficiency and constant entropy during compression) 


Superheat entering compressor 

9.5 F 

25.5 F 

39.7 F 

54 F 

Capacity 

Motor input 

Total volumetric efficiency 

Btu per hr per watt 

Lb of refrig circulated per min 

Calcu- 

Uted 

'•“ uS- 

Test 

lated 

rr . Calcu- 
Test - . . 
lated 

100 % 100 % 
100 % 100 % 
74.5 74.5 

100 % 100 % 
100 % 

104.0 100.5 
98.6 100.3 
77.Z 74.5 
105.5 100.3 
100 

106.6 101.0 

97.5 100.6 

78.8 74.5 

109.3 100.5 

98.6 

110.0 101.5 
96.7 100.9 
81.0 74.5 
113.7 100.6 
98.05 


through it and thn woight 
of gas, recirculated in 
the cycle, is used. 

The equation is: 


m 

100 

K 


El is the volumetric elTi- 
eiency of the theoretical 
cycle. It is equally true of 
the actual compression cytde 
if the real volumetric olFi- 
ciLMicy, E, is suhsiituted for 
El, provided the c.onipressor 
tested is operated at a speed 
j)f rf)tation which will allow 
a reasonably accurate func¬ 
tioning of the suction and 
discharge valves, and has 
bei'ii operated long enough 
.so that the leakage through 
suction and discharge valves 
and past the jiiston is re¬ 
duced to a ininimuin con¬ 
sistent with its size and 
design. 



36 pai suction pressure 
IIU psi tondensiiig pressure 



Vd 

where v„ is the volume of 
suction gas drawn into the 
compressor and Vj is the 
compressor displacement. 

The compressor displacement combines 
in it the effect that compressor design and 
operation have on the refrigerant flowing 
through it. 

The equations used in this analysis are 


14.6 pai suction pressure 
110 psi condensing pressure 

Fig. IB. Test Results of 4 -hp Air-Cooled Condensing Unit 
at Different Suction Pressures 


therefore the following: 




100 

El 


- R^f^Vdi 

100 


7 , 
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used to find the end points of the curves on 
Fig. 19. 


Wf 


m 

Too 




100 


E 


W 


Vr=- 




JOO 


Wci =the weight of recirculated gas in the 
theoretical compressor 

Vdi =thc displacement of the theoretical 
compressor 

r, =the specific volume of the suction 
gas 

Vr = the specific volume of tlie gas at the 
end of the suction stroke 
m is taken at 6% 


Assuming that the capacity of the com¬ 
pressor was 10 tons of refrigeration under 
the test results and conditions given in 
column 1 of Table 0, the compressor dis¬ 
placement is found to be 58.38 cfm. Tlie 
cylinder heating effect for the four tests, 
when plotted against the volume of suction 
gas flowing through the compre-ssor in efin, 
gives curve I, whose end point is zero cylin¬ 
der heating for a theoretical volume of suc¬ 
tion gas flowing through the compressor of 
58.38 X 0.879 =51.315, where 0.879 =^i is 
the theoretical volumetric efficiency of the 
compression cycle. 

Curve II shows the plot of the real volu¬ 
metric efficiencies recorded in the test re¬ 
sults also plotted against the volume of 
suction gas. The end point of this curve is 
at the theoretical volume of 51.315 cfm and 
=0.879. 

In curve III the suction gas temperature 
is plotted against the volume of suction 
gas. The end point of this curve, which 
shows a suction gas temperature of 142.2 F 
at a suction gas volume of 51.315 cfm, is 
found as follows; 

The saturated suction gas temperature 
at a pressure of 37 psia is 21.8 F. The maxi¬ 
mum theoretical liquid Freon-12 cooling 
will be obtained when the liquid is reduced 
in temperature from the saturation point 
at the condenser pressure to the saturation 
point at the suction pressure. This reduc¬ 
tion in heat of the liquid must be gained by 


Table 7. Test Results on a 20-hp, 600-rpm, 
Four Cylinder V-Type Open Belted F-12 
Compressor with Water Jackets 

(124 psi dischargo pressure, 37 psi 
HuetiDn pressure) 


Superheat 

10 F 

40 F 

55 F 

B5 F 

Capacity, % 

100 

10B.5 

112.1 

117.7 

Motor input, ‘ 

^ 100 

101.9 

101.9 

100.4 

Btu per hr 
watt 

per 

100 

106.5 

110 

117.2 


the suction gas. In this case the corre¬ 
sponding theoretical suction gas tempera¬ 
ture is 142.2 F. 

Refrigerating capacity for the four tests 
is plotted again.st suction gas temperature 
in curve IV. The end point is found at 
142.2 F and 12.30 tons of refrigeration. 
Knowing the thermr)d 3 mamic properties of 
Freon-12 at 37 psia and 142.2 F and that 
the volumetric efficiency at this point is 
El =0.879, the refrigerating tonnage, 
12.36, is readily dctnrmiiicd. 

Curve V is found by plotting the weight 
of Freon-12 flowing through the compres¬ 
sor against tlie suction gas temperature. 
The end point of this curve is found at a 
gas temperature of 142.2 F and a weight of 
30.5 lb per min. This weight has been cal¬ 
culated, using the above formulas and the 
end point data found. 

The above analysis can be applied to de¬ 
termine whetlicr or not the capacity of an 
ammonia compressor increases or de¬ 
creases as the suction gas superheat in¬ 
creases. Having available one test point 
on the capacity curve, IV, for the am¬ 
monia compressor, the end point on it can 
be calculated. 

For example, a 10x10 2-cylinder VSA 
ammonia compressor, operating at 360 
rpin with a suction gas temperature of 
15 F, a suction pressure of 20 psig and a 
discharge pressure of 155 psig, produces a 
refrigerating effect of 80.6 tons. The theo¬ 
retical end point for its capacity curve will 
be reached when the suction gas has a 
temperature of 1GS.14 F. The correspond¬ 
ing refrigerating capacity is 79.2 tons. The 
reduction in capacity from the given test 
point to the final end point is 1.74%. 

For any normal increase in suction gas 
superheat of an ammonia compressor, its 
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Fig. L9. Effect of Suction Gas Superheat-Analysis of Test Data in Table 6 


n‘,frii 5 uratiiig oapiicity decreases very little 
as U)iiK the superheat is gained by the 
suction gas doing useful work such as cool¬ 
ing tlie liiiuid ammonia before it reaches 
the evaporator. 

The curves drawn on Tig. 11) establish 
llie fact that when the suction gas super¬ 
heat increases the cylinder heating effect 
decreases until it becomes zero at the end 
point (see curve I). The end point is 
reached Avhen the volume of suction gas 
handled becomes equal to the compressor 
displacement multiplied by the theoretical 
volumetric efficiency of the compression 
cycle. At this point the heat added to the 
suction, gas, from its saturation tempera¬ 
ture on, is equal to the heat removed from 
the liquid refrigerant when cooled from its 
saturation temperature to the saturation 
temperature of the suction gas. 

In practical compressor operation, the 
maximum useful refrigeration obtainable 
by the exchange of heat between the suc¬ 
tion gas and the liquid is reached when the 
temperature of the former is raised to the 
temperature of the liquid as it flows from 
the condenser. 

The plots in Fig. 18 give the increase in 
capacity and Btu per whr, also the corre¬ 


sponding decrease in motor input, of a 
small Frcon-l2 compressor when operated 
with increasing suction superheat. 

D. Water jacketing of compressor cylin¬ 
ders. If the temperature of the jacket 
water is below the mean wall temperature, 
the effect of jacketing is to decrease the 
wall temperature, and therefore decrease 
the amount of heating during the suction 
stroke, and also the temperature of the 
discharge gas. The total volumetric effi¬ 
ciency is increased, and since the entire line 
ab' in Fig. 17b is shifted to the left, the 
work per pound is decreased. Since the 
machine handles more gas, the power input 
is not decreased, although this is not true 
of the work per pound of refrigerant, or the 
power per ton. Since the wall temperature 
varies with location, those parts having the 
highest temperature are most benefited. 
Obviously, it is not beneficial to jacket 
walls whose temperature is as low as, or 
lower than, that of the jacket water. This 
is reflected in single-acting practice, where 
the suction valve is in the piston, and only 
the upper part of the compressor cylinder 
and the lower part of the discharge cham¬ 
ber are jacketed. Wirth shows that where 
the mean wall temperature is lower than 
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the c on dens a. ti on temperature correspond¬ 
ing to the discharge pressure, losses similar 
to those with wet compression occur. 
Fischer shows improvement with a slow- 
epeed horizontal compressor by jacketing 
the entire cylinder when compressing 
superheated vapor, the contrary with wet 
suction. 

Jacketing shows the greatest advantage 
when high discharge temperatures are en¬ 
countered, hence ammonia compressors 
are prtflfided with jackets, rreon-12 com¬ 
pressors are rarely jacketed, usually being 
provided with radiating fins, or cooling de¬ 
vices are entirely dispensed with, since, due 
to low adiabatic constant, discharge tem¬ 
peratures are low (Fig. 3). 

It is customary to operate ammonia 
compressors with suction gas at least 10 
degrees above the saturated vapor temper¬ 
ature corresponding to the suction pres¬ 
sure. The purpose is to bring to the com¬ 
pressor dry auction gas. Experience 
indicates that even at this elevated tem¬ 
perature the suction gas is not always dry. 

The analysis of the effect of suction gas 
superheat on the capacity of the ammonia 
compressor recorded in the preceding sec¬ 
tion, C, taken together with the heat ab¬ 
sorbed by the jacket water, permits the 
conclusion that even a higher degree of 
useful suction superheat will not impair the 
capacity of the compressor. The greater 
superheat will insure dry suction gas. The 
higher temperature during the compression 
cycle will increase the real volumetric ef¬ 
ficiency, since the jacket water will remove 
more of the heat absorbed by the cylinder 
walls. 

E. Wet compression. Theoretically, wet 
compression is more efficient than dry 
compression. Referring to Fig. C, if the line 
on which points g, a, and b lie were moved 
to the left until point b were on the satu¬ 
rated vapor line, point a would represent 
wet suction vapor, and the ratio of the 
Work to refrigerating effect would be a 
minimum. As compression takes place the 
contained liquid would be evaporated. 

In practice, this is not the case, because 
of the time element involved in the evapo¬ 
ration. The liquid exists not in molecular 
suspension but in the form of droplets, and 
on compression the vapor superheats while 
the droplets remain in existence. Some 


evaporation takes place by heat transfer 
from the gas, but at the end of the dis¬ 
charge stroke a considerable amount of the 
liquid may remain and continue to evapo¬ 
rate during the expansion stroke. Further¬ 
more, this liquid is now at the higher 
temperature corresponding to the dis¬ 
charge pressure, and a considerable portion 



Fig. 20. Effect of Suction Gas Quality on 
Volumetric Efficiency 

Top linoB, apparent volumotric elTiciency; lower 
comprsBBion efficiency. 

of it evaporates almost instantaneously be¬ 
cause the heat necessary is contained in the 
droplet, and need not be absorbed by heat 
transfer. The action is similar to flashing 
on passing through an expansion valve. 
The expansion stroke with wet compres¬ 
sion therefore involves an increase in vol¬ 
ume of the refrigerant remaining in the 
clearance space, reducing the volumetric 
efficiency without a proportional decrease 
in power. 

Fig. 20 shows the effect of varying the 
quality of the suction gas, as determined 
by Fischer. 

With ammonia, wet compression is par¬ 
ticularly objectionable as the liquid tends 
to wash oil from the cylinder wall^. In en¬ 
closed compressors the liquid will run into 
the crankcase, causing oil foaming and ex¬ 
cessive oil pumping. 

F. Speed of rotation. For the theoretical 
compression cycle the refrigerating capac¬ 
ity, the bhp and the volumetric efficiency 
remain constant per cubic foot of compres- 
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sor displacement for all speeds of rotation. 
This is not true for the actual compression 
cycle. 

How these factors vary with speed for a 
Freon-12 compressor the curves of Figs. 21 
and 22 illustrate. The upper curves show 
the increase in bhp and refrigerating ca¬ 
pacity as the speed increases. The test re¬ 
sults are recalculated for a speed of 1,300 
rpm and those at 1,300 rpm made equal to 
100%. The lower curves show the variation 
with speed of the bh|) per ton and the real 
volumetric efficiency, respectively. 

The bhp and bhp per ton and capacity 
increase with speed, whereas the real volu¬ 
metric efficiency increases until the s[)eed 
of 1,300 rpm is reached and after that de¬ 
creases. 

These variations from the theoretical are 
brought al)nut mainly by two character¬ 
istics inherent in the operation of recipro¬ 
cating compressors. The one is back leak¬ 
age of gas through the suction and dis¬ 
charge vjilv.es and the piston. This leakage 
is not proportifjnal to the speed of rotation 
hut depends on the mean effective pres¬ 
sures existing in the compressor cylinder. 
Its amount increases for the compressor 
results in Fig. 22 from 300 to 1,700 rpm 
about 25%, wlicreMs the volume of suction 
gjis handled for the same range of speed 
increases about 580%. 

Considering tliis characteristic alone the 
real volumetric efficiency should continue 
to iiRTcasc as the speed increases. Rut the 
wiredrawing effect interferes. The wire¬ 
drawing effect is a function of the volume 
of gas flowing through the compressor. It 
is the ratio of the total ihp and the ihp be¬ 
tween the actual suction and discharge 
pressures. Wlien the wiredrawing effect in¬ 
creases the cylinder heating effect also 
increases. 

At the low speed the leakage per cubic 
foot of gas Ivan died is high. Its effect is to 
add heat and gas volume during the suc¬ 
tion stroke, reducing the volume of suction 
gas drawn into the compressor. At the 
same time the effect of wiredrawing on 
cylinder heating is small, but the action of 
the sum of the two in reducing the volume 
of gas drawn in per revolution is greater at 
that speed than at any intermediate speed 
up to 1,300 rpm. As the speed of rotation 
increases, the adverse effect of leakage de¬ 


creases more rapidly than the increase in 
cylinder heating due to wiredrawing. At or 
near 1,300 rpm, the effect of these two ad¬ 
verse conditions is a minimum per revolu¬ 
tion and therefore the real volumetric ef¬ 
ficiency a maximum. 

The real volumetric efficiencies at 1,300 
rpm are only 3.9% and about 1% greater 
than those at 300 and 900 rprn, respec¬ 
tively, for the two tests cited. 

Some manufacturers of Freon-12 equij)- 
ment start the rating of their compressors 
at this critical speed and limit the maxi¬ 
mum speed to about 133 J% of this speed, 
as, for instance, for the compressor de¬ 
scribed in Figs. 21 and 22 from 1,200 to 
1,750 rpm. For a larger compressor it may 
be from 000 to -SlSO rpm. 

The Freon-12 compressor, of which the 
test results arc shown in Figs. 21 and 22, 
has four cylinders, 2}-in. bore and 1 H-in. 
stroke; cylinder and cylinder heads are 
finned. The clearance volume is 9% and 
the maximum operating speed 1,750 rpm. 

The curves plotted in Fig. 23 are ob¬ 
tained as follows; 

I— from test results 

II— by calculation 

III, IV, and V—by use of the weight 
formulas given in section 5C of this 
chapter (page 23). 

The prolongation of curve III to zero 
rpm appears to indicate that while main¬ 
taining 51.7 psi suction pressure before the 
suction stop valve and 140.9 psi discharge 
pressure after the discharge stop valve the 
total gas leakage will be equivalent to a 
heat flow of 24 Btu per min at that point. 

Real Volumetric Efficiency 

6. The effect volumetric clearance, cyl¬ 
inder superheating, leakage, wiredrawing 
and all other compressor design and oper¬ 
ating features have on the value of the real 
volumetric efficiency varies with type of 
refrigerant used. 

The refrigerants having high specific 
weights and low enthalpies show the 
greater variation from the theoretical com¬ 
pression cycle. 

Two cases are given here. The first is the 
relation between the absolute pressure 
ratio and the real volumetric efficiency and 
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Fig. 21. Effect of Varying 
Speed of Rotation on Capacity, 
bhp and RVE 


Fig. 22. Effect of Varying 
Speed of Rotation on Capacity, 
bhp and RVE 


20 F SATURATED SUCTION B5 F SUCTION GAS TEMP 
GAS TEMP 


105 F SATURATED CONDENSING 0 F LIQUID SUBCDOLING 



40 F SATURATED SUCTION B5 F SUCTION GAS TEMP 
GAS TEMP 

105 F saturated CONDENSING 0 F LIQUID SUBCOOLING 



tlie second the effect ol 
clcariince voluiiu; on tlie 
refrigerating capacity. 

(1) Relation between 
tlie absolute pressure ratio 
iiiid the real volumetric 
efficiency of rrcon-l 2 com¬ 
pressors. 

Figs. 24 and 25 present 
various curves derived 
from tests on a rreon-12 
compressor. The real vol¬ 
umetric efficiency curve 
plotted on Fig. 24 is ob¬ 
tained by varying tlie suc¬ 
tion and discharge iires- 
sures. The test points 
marked are all within the 
range of allowable error so 
that the path of the curve 
accurately pictures the 
efficiency for the compressor tested for a 
considerable variation in these pressures. 
For comparison the curve of the theoretical 
volumetric efficiency is added. Thelefthand 
dotted extension, to the line P 2 /P 1 = 1, indi¬ 
cates that the real volumetric efficiency at 
this point is approximately 94%. 

The curves on Fig. 25 show the real 
volumetric efficiency and the bhp per ton 
for the same compressor plotted against 
the saturated suction temperature. 

The data presented on Figs. 21 and 22 
and Figs. 24 and 25 were obtained from 


tests made on the same size Freon-12 com¬ 
pressor. In the former the clearance vol¬ 
ume was 9% and in the latter 4|%. The 
short curves on Fig. 25 show the effect of 
this difference in clearance volume on the 
bhp per ton and the real volumetric effi¬ 
ciency at a saturated condensing tempera¬ 
ture of 115 F. 

As a comparison the curves on Fig. 26 
give values of the real volumetric efficien¬ 
cies of three two-cylinder, vertical, single- 
acting ammonia compressors plotted 
against the absolute pressure ratio. Here 
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Fig. 23. Analysis of Test Results Shown in Fig. 22 



Fig. 24. Variation of Real Volumetric Efficiency with the Absolute Pressure Ratio 
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Fig. 25. Varifttion of Real 
Volumetric Efficiency with Suc¬ 
tion and Discharge Pressures 


FHEON-12 COMPRESSOR IN BORE, \Z IN STROKE, ^-CYLINDERS 
IZDO RPM,S5 F ACTUAL SUCTION GAS TEMP CLEARANCE-A.5 



the test points, particularly for low com¬ 
pression ratios, are located some distance 
away from a common path drawn through 
them. For these compressors no single 
curve will correctly represent the relation 
between the real volumetric efficiency and 
the absolute compression ratio for all suc¬ 
tion pressures. 

The thermodynamic properties of the 
two refrigerants account for this difference 
in the behavior of the two gases. As the 
temperature of the suction gas increases 
the specific volume of Freon-12 increases 
less than its enthalpy, whereas for am¬ 
monia the reverse is true. As the suction 
pressure rises the Freon-12 gas can absorb 
more of the cylinder heating effect than the 
ammonia gas, due to the increase in wire¬ 
drawing for each degree rise in tempera¬ 
ture. 

(2) The effect of clearance volume on 
the refrigerating capacity of Freon-12 com¬ 
pressors. 

Fig. 27 presents tests of a 6-in. X 5-in. 


4-cylinder Freon-12 compressor operating 
at 500 rpm. The solid and dashed line 
curves show the capacity and blip test re¬ 
sults plotted against the saturated suction 
gas temperature for this compressor with a 
volumetric clearance of 4.7 and 7.1%, re¬ 
spectively. Tests were run with saturated 
condenser temperatures of 82, 98 and 
112 F. 

The two capacity curves of different 
volumetric clearance intersect at points A, 
B, and C. An analysis of these test results 
with the aid of the weight formulas given 
in section 5C of this chapter (page 23) 
points to an explanation of this behavior of 
the compressor. For the theoretical cycle, 
the greater clearance compressor will al¬ 
ways have a lesser refrigerating capacity 
than the smaller clearance compressor 
when operated under the same pressure 
conditions. 

The result of the analysis appears in 
Fig. ZB. The four curves shown give the 
change in the cylinder superheat factor. 





Fig. Z7. Effect of Varying 
Clearance Volume of Freou-lZ 
Compressors on Capacity and 
Bhp 


REIFRIGERATING CAPACITY - lOOO B TU PER HR BRAKE HOR^PCWER 
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VrlV„, plotted against the 
saturated suction gas tem¬ 
perature for the 98 F and 
112 F saturated condenser 
temperatures. 

The reason for this be¬ 
havior of Freon-12 compres¬ 
sors is explained by the fact 
that the weight of recircu¬ 
lated gas plus the weight of 
the gas dischargerl by the 
compressor is greater for the 
compressor having larger 
clearance. For the same wire- 
ilrawing and somewhat less 
ihp at the intersecting points, 
it is evident that the adverse 
effect of the larger clearance 
volume is nullified by a lower 
temperature of the gas at the 
end of the suction stroke. 
The result is that at these 
intersection points the real 
volumetric efficiency is the 
same for ))oth. For a further 
increase in suction pressure, 
the refrigerating capacity of 
the larger clearance com- 
jucssor exceeds that of the 
smaller clearance compressor. 
To illustrate, for intersection 
point B the analysis i)resents 
the following results: 



Fig. 28. Effect of Clearance Volume on Cylinder Superheating 
in Freon-lZ Compressors 


Clcuraiice vulumc, % 4.7 7.1 

►SunliDn pressure, psia 47.7 47.7 

CDnilcnser pressure, jisia 128.0 128.0 

Refrigerating tonnage 41.75 41.75 

Real volumetric efficiency 0.842 0.842 

Weight of gas discharged 
from compressor, u\, 
lb per min 158.49 158.49 

Weight of recirculated 

gas, Wc, Ih per min 20.36 30.75 

ir,/i/\X100 18.8 20.0 

-f iUb 173.85 184.24 

Cylinder heating during 
suction stroke, Btu 
per min 1,080 093.5 

These calculations affirm that the cylin der 
heating effect is less for the large-clearance 
than for the small-clcarance compressor in 
sufficient amount to counteract the greater 
re-expansion volume of the former. 

No single family of curves, based on ac¬ 


tual results of tests made on one compres¬ 
sor using any one of the refrigerants, can 
accurately predict the capacity, volu¬ 
metric efficiency and other prDi)erties of an 
operating compressor. Effective valve 
area, clearance, internal cylinder surface in 
comparison to the gas handled, and many 
other features of design and operation enn- 
Sfnre to make this impossible. There is, 
however, one basic property of compres¬ 
sors which allows the prediction of capac¬ 
ity, real volumetric efficiency, etc. If a 
group of compressors varying in size from 
the smallest to the largest are all based on 
the same design features, have the same 
clearance volume, effective valve area, and 
a somewhat fixed relation of piston di¬ 
ameter to stroke, etc., these predictions 
are possible. In other words, there is a fixed 
relation between the various sizes of these 
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properties. To illustrate this fact, the cal¬ 
culations in Table S are presented. 

Three sizes in a line of vertical single- 
acting compressors, ranging from a 3^in. 
X 3-in. to an 18-in. X 20-in. are chosen. 
They arc the 6J X G|, the 10 X 10 and the 
IBX 20. Assuming that a complete set of 
tests at suction pressures ranging in close 
steps from 0 to 45 psig and condenser pres¬ 
sures ranging from 85 to 245 psig have been 
run on a 10X10 compressor and one test 
each, say at 20 psig and 155 psig of all the 
other sizes of the group, complete tables of 
the properties of all of them can be com¬ 
piled. Table 8 shows that a constant ratio 
exists between the real volumetric efficien¬ 
cies at all suction and discharge pressures 
between the 18 X 20 and the 10 X 10 com¬ 
pressors, between the 10 X 10 and the 
6tx compressors, as well as between the 
18 X 20 and the X GJ compressors. The 
same is also true of the cylinder heating 
factor during the suction stroke and the 
refrigerating capacity. 

The same relation may exist between 
groups of Frcon-12 compressors of similar 
design. 

Compound Compression 

7. Referring to Fig. 29, a-b-c-d is a card 
for simple compression. In compounding, 


due to the lower compression ratio, point 
d would be at d' and a at a', for the same 
gas volume. That is to say, a smaller cylin¬ 
der can be used on account of higher volu¬ 
metric efficiency. The card for the low 
stage then is a'b'c'd'. The low-stage dis¬ 
charge is cooled, reducing its volume to 
point e. The high-stage card is then e-f-c-g. 
The area of the compound cards is less 
than that of the simple card, showing a re¬ 
duction in indicated horsepower. These 
cards are theoretical; there are losses in 
compound compression not found in the 
simple machine. There are two sets of wire¬ 
drawing losses, plus pressure drops through 
the intercooler and lines, all of which re¬ 
duce the theoretical savings. 

On refrigeration service, compounding 
offers economies apart from the compres¬ 
sion efficiency by cooling liquid refrigerant 
with the high-stage suction, and by cooling 
the first-stage discharge, after it leaves the 
water-cooled intercooler, to a point close to 
saturation, also by using high-stage suction 
for direct useful refrigeration. Fig. 4 shows 
theoretical power requirements with com¬ 
pound compression. Fig. 30 is a schematic 
diagram of a compound system. Fig. 31 
gives tonnage and power of low-stage or 
booster compressors. These are not tesb 
readings, but represent ratings which have 


Table B. Relation between the Real Volumetric Efficiencies and the Cylinder 
Heating Factors of V5A Ammonia Compressors 


Suction proBB, 

PilK 

5 

20 

35 

50 

DlBchargB prsBB, 
pBlg 

125 

155 

1B5 

125 

155 

1B5 

125 

155 

185 

125 

155 

185 

#1—18X20 

0.820 

0.798 

0.774 

0.883 

0.858 

0.838 

0.900 

0.886 

0.870 




#2—10X10 

0.805 

D.7B2 

0.760 

0.867 

D.84Z 

D.BZ4 

0.883 

0.870 

0.855 

0.895 

0.875 

0.859 

R.tio 

1.019 

1.021 

1.019 

1.019 

1.019 

1.018 

1.019 

1.019 

1.019 




RVE #3—61X61 

0.732 

0.7115 

0.6B6 

0.789 

0.766 

D.751 

D.BOB 

0.790 

0.776 

0.813 

0.795 

0.780 

Ratio 

#3 

1.100 

I.IOD 

1.109 

1.099 

1.100 

1.D9B 

1.092 

1.102 

1.102 

1.101 

1.101 

1.101 

luu.;; 

1.120 

1.121 

1.12B 

1.120 

1.120 

1.116 

1.113 

1.122 

1.122 




#1—18X20 

1.13 

1.158 

1.176 

1.096 

1.116 

1.134 

1.09 

1.099 

1.112 




#2—10X10 

1.163 

1.179 

1.196 

1.115 

1.139 

1.150 

1.107 

1.118 

1.128 

1.100 

1.107 

1.135 

RaUu 

0.97 

0.983 

0.9B3 

0.9B3 

0.98 

D.9B6 

D.9B3 

0.982 

0.985 




Vr « 

— #3—61X61 

1.270 

1.284 

1.310 

1.219 

1.242 

1.253 

1.206 

1.226 

1.Z39 

1.2D8 

1.227 

1.243 

Ratio - 

lUUO 

0.915 

0.918 

0.913 

0.915 

0.918 

0.918 

0.918 

0.913 

0.911 

0.911 

0.903 

0.914 

RaUu 

0.889 

0.90L 

O.B9B 

0.899 

0.898 

0.906 

0.903 

0.896 

0.897 
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proved out in practice. Complete test re¬ 
sults on horizontal double-acting com¬ 
pound compressors have been published. 

Dual or Multiple-Effect 
Compression 

B. In the dual-effect machine, gas at two 
suction pressures is handled in the same 
cylinder. The gas of lower pressure is 
drawn in on the regular suction stroke, and 
at the end of the stroke a port is uncovered 
through which the high-pressure gas is ad¬ 
mitted. The theoretical indicator card for 
such a machine is shown in Fig. 32 by the 
solid line. F o is the volume of low-pressure 
gas drawn in, V J the volume of high- 
pressure gas, and Vx is the displacement 
volume lost due to uncovering the port at 
the end of the stroke, and having to re¬ 
cover it before compression starts. 

Mathematical analyses of the multiple- 
effect compressor have been made. The 
multiple-effect principle should not be con¬ 
fused with compound compression, as it 
lacks the possibility of intercooling, with 
its attendant economies. It is more nearly 
the equivalent of two compressors, one at 
low suction pressure and the other at high 
suction pressure, although slightly less 
efficient. For any given condition of suc¬ 
tion pressures, the capacity of the com¬ 
pressor is fixed, and the design of machine 
cannot be changed to give some different 
ratio between the two capacities. How¬ 
ever, there are certain applications where 
the high suction pressure can balance out, 
as for instance in an ice plant. The high 
suction pressure serves to cool liquid am¬ 
monia and precool water for ice-making. 



Fig. 29 



Fig. 30. Schematic Diagram of Compound 
Compressor 


Many ice plants have been equipped with 
dual-effect machines with considerable 
reduction in power costs. 

If a dual-effect compressor is provided 
with clearance pockets for capacity con¬ 
trol, opening the pockets will reduce the 
low-pressure capacity and increase the 
high. 

Data comparing a dual-effect CO 2 com¬ 
pressor, cooling the liquid at high suction 
pressure, with single-stage operation, ap¬ 
pear in Table 9. 



Fig. 31. Horsepower and Capacity Curyes for 
VSA Low-Stage Booster Compressors 


1 Saturated suction hp per 100 cu ft. 

> Saturated suction tons per 100 cu ft. 





34 


PART 1. THEORY 



Fig. 32. Theoretical Indicator Diagram 


Carbon dioxide compressors are no 
longer commonly in use for refrigeration 
but they are used in other departments of 
refrigerating engineering, especially the 
manufacture of dry ice. High pressures and 
low critical conditions are encountered. 

Capacity Control 

9. Table 10 shows test results on a 0- 
cylinder, 25-hp Freon-12 compressor, hav¬ 
ing auction valves on one or more cylinders 
held open for capacity control. A compari¬ 
son of percentage capacity with percentage 
motor input shows a slight reduction in 
horsepower per ton, with capacity reduc¬ 
tion due to the evaporator temperature 
increasing and the discharge pressure de¬ 
creasing, with added stei)s of capacity re¬ 
duction. 

There may be a considerable difference 
ill the losses in various designs of capacity 


controls, depending upon gas velocities, 
viscosity and density of the gas, but a ca¬ 
pacity control does always reduce the 
adiabatic efficiency. There usually is, how¬ 
ever, an actual saving in power as com¬ 
pared to operating at full capacity on a 
greatly reduced load. Furthermore, for 
proper regulation, some adjustment of ma¬ 
chine capacity is essential in certain appli¬ 
cations. A change of compressor speed, or 
providing a number of compressors and 
operating as many as are needed for the 
load, would be a more efficient means, but 
far more expensive to install. 

Some of the various capacity control 
means listed in Chapter 23, while feasible, 
are not current practice. Adjustable clear¬ 
ance, one of the more popular devices, can 
be finely adjusted for any capacity within 
its range, whereas other methods are oper¬ 
ative in rather wide steps. The actual re¬ 
duction with any particular clearance 
setting varies with the compression ratio. 

Performance Data 

10. Tables 11 and 12 (sec pages 30 anil 
37) give performance figures for aintnonia 
compressors and Table 13 (see page 37) 
shows the corresponding volumetric and 
adiabatic efficiencies. The above tables 
represent a consensus of c.oinpressor manu¬ 
facturers’ values rather than actual tests. 

Exhaustive data on an ammonia com- 


Table 9. Test Results of COz System with Dual Effect 


Temp of evaporation, F 

Temp of liquid to exp valve, F 

.Sf 

to 

D. 

a 

O 

■■a 

S 

S. 

t 

u 

s 

u 

i 

£ 

'io 

d 

.2 

s 

■o 

d 

o 

u 

"o 

u 

u 

£ 

a 

o 

1 

■ 1 

3 

"o 

a 

Temp of inter, receiver, F 

.4pprai press of intermediate 
receiver, psig 

.3 

o 

Q. 

a 

a 

9 

3 

u 

h 

a 

3 

'o 

S 

Single compr'n then displ’t | 

saturated, cu in./min/ton | 

^"_d 

■S a 

•«s 

il 

"S 

SI 

•SI 

|i 

< u 

e 

a S 
u “ 

Bd 

li 

■«d 

s-t 

M 

Theo. adiabatic fap/ton single 
compr'n saturated 

Actual bhp/ton aver. work, 
condition single compr’n 

Actual bhp/ton dual compr'n | 

Theo. adiabatic disch temp F 

20 deg superheat single compr’n 

Actual disch temp F 20 deg super¬ 
heat single compr’n 

Actual disch temp F 20 deg super¬ 
heat dual compr'n 

Coefficient of performance single 
compr’n theo adiabatic 

-2Q 

B5 

206 

1,130 

5.5 

19 

399 

Z.B3 

228 

2.960 

1.940 

2.68 

3.2 

2.^ 

213 

21B 

190 

1.76 

-10 

B5 

247 

1,125 

4.55 

26 

445 

2.53 

1,890 2,440 1,620 

2.28 2.75 

2.53 

206 

203 

176 

2.06 

± □ 

85 

294 

1,125 

3.B3 

30 

475 

2.37 

1,570 2,010 1,380 

l.BB 

2.35 

2.12 

192 

192 

165 

2.50 

5 

B5 

320 

1,125 

3.52 

33.5 

Soo 

2.26 

1,440 1,B4D 1,270 

1.71 

2.16 

1.96 

1B7 

186 

161 

2.78 

10 

B5 

347 

1,120 

3.24 

39.0 

540 

2.07 

1.315 1.6B5 1,170 

1.54 

1.97 

1.79 

181 

177 

15B 

3.OB 

15 

85 

376 

1,120 

2.98 

41.5 

564 

1.98 

1.215 1.555 1.080 

1.41 

1.79 

1.63 

175 

171 

155 

3.36 

20 

B5 

407 

1,120 

2.75 

43.5 

580 

1.93 

1,120 1,440 

1,010 

l.ZB 

1.61 

1.48 

170 

165 

151 

3.69 

25 

B5 

440 

1,120 

1 2.54 

47.0 

610 

1.84 

1,030 1,310 

1 945 

1.16 

1.46 

1.34 

165 

160 

14B 

4.09 

3D 

B5 

475 

1,120 

1 2.36 

49.5 

630 

1.78 

953 1,230 

1 BBO 

1.06 

1.30 

l.ZD 

158 

156 

146 

4.48 
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Table 10. Tests on Freon-12 Compressor, 6-cyl Unit under Varying Load 


Number of 
cylinders 
operating 

Discharge 

pressure, 

psi 

Evap 

temp, 

F 

Capacity, 

1,000 

Btu/hr 

Motor 

input, 

kw 

Capacity, 

% 

Motor, 

input, 

% 

6 

119 

3B.0 

277 

22.1 

100 

100.0 

5 

117 

41.3 

248 

19.1 

89.5 

86 .5 

4 

112 

44.5 

216 

16.1 

7B.2 

73.0 

3 

107 

48.7 

117 

13.3 

63.9 

60.0 

2 

102 

53.0 

119 

10.2 

43.0 

46.0 


presfior uppear in Tables 14, 15, 16 (see of these tests nninmenteii that the power 

page IhS). Tlic eompressor was a 4.5-iii. requirements of this compressor seemed 

X4.5-in. single-cylinder machine running high, hut made no statement as to whether 

at from 444 to 537 rpm, with feather they were typical of this whole class of 

valves, operated hy means of a 10 to machines. 

2r)-hp dynamometer-motor, direct-con- There is only one sot of test data on 
iiected through flexitde coupling to com- volumetric efficiency in print, this one 

Ijressor shaft. The S})eed was controlled by based on measurement of ammonia flowing 

resistance grids, permitting tlie brake and from which was determined the total volu- 

indicated horsei)ower to be measured. Ac- metric efficiency under various operating 

tual capacity was measured by weighing pressures. Knowing the amount of clear- 

ainmonia from a inultitul)e ruuitii):iss con- ance in the existing compressor, the in- 

denser having two shells, each with seven vestigators computed volumetric efficiency 

tubes, witli a condensing surface of 93.8 due to clearance. They then divided the 

si\ ft. The evaporator operated on brine, “total volumetric efficiency" by the “clear- 

lieated in turn by steam. Suction gas ance volumetric efficiency” and obtained 

temperature at the machine was held at a what was termed the real volumetric effi- 

few degrees of superlicad. Liquid at the ciency, taking account of the loss due to 

expansion valve had the same tempera- superheating the gas as it entered the 

ture as the liquid leaving the condenser. cylinder, and also whatever losses may 

have existed in leakage. It was then shown 
Comparison of the actual compression that real volumetric efficiency, as well as 

cycle with the theoretical can be made by efficiency due to clearance, is a function of 

reference to Table If), which appears in the compression ratio alone. Fig. 33 shows 

connection with studies of volumetric effi- real volumetric efficiency plotted against 

ciency of the same compressor. The author compression ratio. The lowest curve is an 

exact reproduction of the curve 
of real volumetric efficiency in 
the tcLsts. Confirming test results 
falling close to this curve were 
later obtained on a 3-in. X 3-in. 
compressor and a S^-in. X 3^-in. 
compressor. 

The engineer strives to de¬ 
velop more and more efficient 
apparatus, but high efficiencies 
are not an end in themselves. 
Reliability and low upkeep cost 
can outweigh a few points of 
efficiency, and other factors such 
as quietness, freedom from vi¬ 
bration, reduced size and weight, 
Fig. 33. Real VDlumetric Efficiency vb CompreBsion Ratio may be of primary importance. 



COMPRESSION RATIO 
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Table 14. Capacity of Commercial Ammonia 
Compressor as a Function of Pressure 

(Tabubir values arc tons refriKerating 
capacity of niachine) 


Disch 

press, 

psia 

Suction pressure, psia 


50 

40 

30 

20 

no 

7.6 

5.9 

4.3 

2.6 

130 

6.9 

5.6 

4.1 

2.4 

150 

6.2 

5.4 

3.9 

2.3 

170 

5.4 

4.9 

3.7 

2.1 

190 


4.8 

3.4 

1.9 

210 



3.2 

1.8 


Table 15. Horsepower per Ton—for 4|X4i s.a., single-cyl Ammonia 
Compressor at 500 rpm 


Disch 

press, 

psia 

Cond 

temp, 

F 

50 

(21.67 F) 

Suction pre 

40 

(11.66 F) 

assure, 

( 

psia 

30 

-0.57 F) 

(- 

20 

16.64 F) 



1 

2 

3 

1 1 

2 

3 

1 

2 

3 

1 

2 

3 

100 

56.05 

0.74 

0.38 

0.54 

0.96 

0.50 

0.72 

1.23 

0.66 

0.95 

1.77 

0.95 

1.45 

120 

66.02 

0.86 

0.49 

0.66 

1.11 

0.63 

0.85 

1.41 

0.81 

1.12 

2.03 

1.11 

1.62 

140 

74.29 

0.9B 

0.60 

0.78 

1.26 

0.74 

0.97 

1.60 

0.94 

1.27 

2.29 

1.25 

1.80 

160 

82.64 

1.11 

0.70 

0.90 

1.42 

0.85 

1.09 

1.78 

1.05 

1.41 

2.56 

1.37 

1.09 

180 

89.78 

1.23 

0.81 

1.02 

1.56 

0.94 

1.20 

1.95 

1.15 

1.54 

2.82 

1.50 

2.14 

200 

96.34 

1.36 

0.91 

1.13 

1,72 

1.01 

1.30 

2.14 

1.25 

1.65 

3.08 

1.60 

2.31 

220 

104.42 

1.4B 

1.02 

1,25 j 

1.89 

1.08 

1.39 1 

2.32 

1.34 

1.75 

3.35 

1.69 

2.48 


1. Tlraku hp 

2 

liiilicatcd hp 


’1. In dicatrrl+fri I'lii)r 

ihp 





Table 16. Volumetric Efficiency of Commercial Ammonia Compressor 

(Lug uf tcalH, varying prcaaiii c of auciiDii gas; same niachinc as in Tables 14, 15.) 


Rpm 

540 

540 

532 

530 

519 

Suet gas, temp, F 

51.0 

47.0 

55.0 

56.5 

75.2 

Disch gas, temp, F 

277 

244 

269 

190 

263 

Disch gas, temp F theo 

282 

223 

246 

170 

240 

Suet press, psia 

24.34 

34.71 

44.07 

54.71 

63.28 

Disch press, psia 

133.1 

134.6 

186.0 

137.4 

215.2 

Weight NH;j circ, Ib/inin 

1.233 

1.977 

2.386 

3.445 

3.395 

Total real vol etf 

Real vol eff without clear¬ 

67.6 

76.8 

74.7 

86.7 

78.3 

ance 

80.0 

85.8 

84.6 

92.2 

86.4 





3. ABSORPTION REFRIGERATING SYSTEMS 


ABSORPTION refrigerating machines 
are heat-operated, and make use of 
at least two working substances, a refriger¬ 
ant and an absorbent for the refrigerant. 
Liquid-absorbent refrigerating systems op¬ 
erate in accordance with the laws and prop¬ 
erties of solutions, particularly with rc- 



Fig. 1. Simple Absorption Cycle 


spect to exchange of materials between the 
liquid and vapor phases. A simple continu¬ 
ous cycle for a liquid absorbent is shown in 

Fig. 1. 

I. Laws and Properties of Solutions 

1. If two or more substances mix uni¬ 
formly over a range of compositions, to 
produce only one physically distinct phase, 
such a mixture is called a solution, as dis¬ 
tinguished from a mechanical mixture of 
two or more phases. Here, the term *'solu- 
tion” will usually refer to a liquid phase. 
In describing solutions and gaseous mix¬ 
tures, the compositions may be specified, 
for instance by giving either the weight 
fractions or the mol fractions, or the 
equivalent percentages, of the pure con¬ 
stituents nr components. Or the concentra¬ 
tions of the components per unit volume 
may be specified in any of numerous ways. 


For a two-component, rofrigerant-absorb- 
cut system: 

Weight fraction: 


Xi 


Cri 

Gi + Gi' 


G, 

Gi -h Gi ’ 


Xl -\- X2 = 1 


Mf»l fraction; 


N, 


Gi/rn^ _ ^ ^_ Gj/m^ 

(fi/m, 4 Gif' m,’ Gi/ -|- Gi/ntn 

Ai-hWz = l 


where fTi= weight of refrigerant in mixture, 
lb 

mi =innlBriilar weight of refrigerant 
= weight ol absorlient in mixture, lb 
ma = molecular weight of absorbent 

Where no confusion will result, x and N 
may be used without subscript to refer to 
the refrigerant. A weak solution is one 
which contains relatively little refrigerant, 
as compared with a rich or strong solution. 

2. The gas phase. The words “gas” and 
“vapor” will be used more or less inter¬ 
changeably, “vapor” being i;hosen when it 
is desired to emphasize a relation to a 
liquid phase. For a pure gas, the P-V-T 
(pressure-volume-tomperature) relations 
can be obtained from the perfect gas law, 
or more accurately from an equation of 
state, or a table such as those in Chapter 
7, representing actual ineasurcineiita. If 
the solution contains more than one vola¬ 
tile component (absorbent as well as re¬ 
frigerant volatile), or if evaporation is into 
a space wdiich contains a foreign gas, 
Dalton’s Law applies more or less accu¬ 
rately to the resulting gaseous mixture. 
Each component of a gaseous mixture ex¬ 
erts a partial pressure equal to the total 
pressure which it would exert if it alone 
were present, and the total pressure P is 
the sum of the partial pressures. Pi, Pi, 
etc., of the individual components. 

Dalton’s law is a corollary of the perfect 
gas law. For any perfect gas: 

^ nRT 

PV=nRT or ^ =—y- 
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Then for any component of a mixture of 
perfect gases: 


and for the mixture: 

IIT 

r = (ni+n2+ • ■ • ) —=Pi + -P 2+ ■ ■ • 

Each n gives the number of iriols of the gas 
indicated by the subscript, and 72, the "gas 
constant,” is the same for all perfect gases. 
/?«■ 10.71 if Pj the absolute pressure, is in 
psi, y is in cu ft, and T is in absolute F. 
Dalton’s law may also be expressed in the 
form: 

Pi^NiP] P^^NiP, etc 

These relations folio w from the above if one 
mol of mixture is taken, for which P 
^RT/V and Ni, 712 ^ N 2 , etc. This is 
the form in which Dalton’s law is most 
commonly applied, but it is less general 
than the original statement, which permits 
the calculation of the partial pressures 
from actual P-V-T data on the individual 
components. If these are available and the 
concentrations are known, this form gives 
better accuracy than does the perfect gas 
law. 

Dalton’s law is the law of perfect gaseous 
mixtures. Mixtures of actual gases follow 
it fairly well, though not so well as the 


individual gases follow the perfect gas law, 
at least if the Pi - NiP form is used. Ac¬ 
cordingly, Dalton's law is useful, although 
not quantitatively accurate, up to fairly 
high pressures; how high depends on the 
particular mixture. It always breaks down 
as the partial pressure of any component 
and the temperature simultaneously ap¬ 
proach the critical values for that com¬ 
ponent. 

3. The vapor pressure of a liquid is the 
pressure at which vapor from the liquid is 
in equilibrium with the liquid. Applying 
Dalton’s law, each component of a solu¬ 
tion is said to have a definite partial vapor 
pressure, which is equal to its partial pres¬ 
sure in the equilibrium vapor. All of the 
partial vapor pressures, and therefore also 
the (total) vapor pressure and the equilib¬ 
rium composition and concentration of the 
vapor, are physically determined by the 
4Amperature and composition of the solu¬ 
tion; the quantitative relations depend on 
the particular solution. For a given com¬ 
position of solution, the partial and total 
vapor pressures increase rapidly with 
temperature, following about the same 
rules as do the vapor pressures of pure 
liquids. For a given temperature, the par¬ 
tial vapor pressure of a solution is always 
less than the vapor pressure of the pure 
component, increasing with its concentra¬ 
tion in solution. The equilibrium composi- 



Fi^. 2. Log p vs \/T Chart 
for Annnonia Water 
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CONCENTRATION - -V- 


Fig. 3. Water-Lithium 
Chloride Equilibria 







tion of the vtipor is in general-’ 
from that of the liquid, and usually is'rtclrcr'^ 
in the more volatile component. 

Quantitatively, the relations between a 
solution and its vapor are complicated and 
must be determined experimentally in each 
case (for example, Figs. 2, 3 and 4), but 
there are two simple limiting laws which 
apply at the ends of the concentration 
range. Henry’s Law applies to the minor 
component, or solute: The partial vapor 
pressure of a component whose mol frac¬ 
tion in the solution is sufficiently low, is 
proportional to the mol fraction: 


10 I -w 20 25 30 35 

LI CL / 1000 t.t. H^O 

law may be considiirel io be a spe- 
wal case of Henry's law, in which the Hen¬ 
ry’s law constant is the vapor pressure of 
the pure component, ^ 2 “- For a given com¬ 
ponent, Henry's law applies at one end of 
the composition range, and Raoult’s law 
at the other. There are no general rules for 
predicting the range of compositions over 
which either applies, nor what happens in 
between. 

Perfect solutions, those for which 
Raoult's law applies to all components 
over the entire range of compositions, re¬ 
sult when the molecular forces around the 


Pi =hN, 

The value of the Henry's law constant, ki^ 
and the range of mol fractions over which 
it applies, depend on the particular solu¬ 
tion and the temperature, and must be 
found by experiment. Raoult’s Law applies 
to the major component, or solvent: The 
partial vapor pressure of a component 
whose mol fraction in solution is sufficiently 
near unity equals the product of the mol 
fraction and the vapor pressure of the pure 
solvent: 

Pi = N2rV 


solvent and solute molecules resemble each 
other so closely that there are no special 
attractions or repulsions between solvent 
and solute molecules. For example, any 
pair of fairly closely related hydrocarbons 
may be depended on to follow Raoult's law 
quite closely, over the whole range of com¬ 
positions and temperatures. If the com¬ 
ponents are much different chemically, 
their solutions are likely to deviate more 
or less from Raoult's law over most of the 
composition range. If the partial vapor 
pressure of a component exceeds the Raoult 
value at a given mol fraction, the deviation 
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Fig 4. Enthalpy-Concentration Chart of Properties of Aqua Ammoaia 
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is said to be positive, and the solubility is 
less than it would be if the solution were 
perfect. This is always the case when two 
liquids do not mix completely, and often 
when they do; it shows that the solvent 
and solute molecules repel each other. 

If the partial vapor pressure of a com¬ 
ponent is less than the Raoult value, the de¬ 
viation is negative, and the component is 
more soluble than it would be if the solu¬ 
tion were perfect. This situation arises only 
in cases where there is special attraction 
between solute and solvent molecules. Usu¬ 
ally, both components of a two-component 
system deviate from Raoult’s law in the 
same direction, the deviations are in the 
same direction for all concentrations and 
temperatures, and the deviations become 
smaller percentagewise at higher tempera¬ 
tures; but there are occasional exceptions. 

4. It is essential for the refrigerant to be 
highly soluble in the absorbent, at the 
temperature and partial pressure at which 
the absorbent is required to take up the 
refrigerant, in order to keep down the vol¬ 
ume of absorbent required to be circulated, 
the size of the apparatus, and the heat 
losses. Large negative deviations from 
llaoult’s law are therefore required; and 
the larger and more complicated the ab¬ 
sorbent molecule, the larger the deviations 
which are required. On tlie other hand, the 
negative deviations must not be so great 
as to prevent recovery of a large j)roportion 
of the dissolved refrigerant by distillation, 
and must not result in the formation of an 
insoluble compound between the absorbent 
and refrigerant. It is not practical to set 
up definite rules, but an idea of the require¬ 
ments may be obtained by comparison 
with the aqua-ammonia system, which is 
the one most commonly used in absorption 
refrigeration. In the relatively small-mole¬ 
cule H2O-NII3 system, the solubility of 
ammonia under absorber conditions is 
typically around four times the Raoult 
value, and is none too large at that. Very 
few other combinations of solvent and 
solute give as large negative deviations 
without forming insoluble compounds. 

The requirements for a successful ab¬ 
sorbent-refrigerant combination are ex¬ 
tremely severe in numerous respects. The 
solubility requirements are hardest to meet. 
Another important consideration is that 


the absorbent must have a much higher 
boiling point than the refrigerant, so that 
practically pure liquid refrigerant can 
readily be obtained from the solution by 
fractional distillation. In this respect, the 
water-ammonia system is far from ideal, 
and few others are better. Also, irreversible 
chemical reactions of all kinds, such as de¬ 
composition, polymerization, and corro¬ 
sion, are to be avoided. It is not surprising 
that extremely few acceptable refrigerant- 
absorbent combinations have been found. 

5. The pure absorbent may be a solid; 
it is only the absorbent solutions which are 
required to be liquid. For cxanqile, a num¬ 
ber of salts such as Li Cl and LiBr may be 
used as absorbents with water as refrig¬ 
erant, because they are extrcjiiely soluble 
in water and form hygroscopic brines. 
kSiich salts have the great advantages of be¬ 
ing small-molecule. Inw-specilic-heat, com¬ 
pletely non-volatile absorbents, with very 
large negative deviations from Raoult’s 
law within tlieir operating ranges; but tlie 
operating ranges are limited by the appear¬ 
ance of solids. This limits the reduction in 
temperature attainable in the evaporator; 
and, in any case, a water evaporator must 
be operated above the freezing point of wa¬ 
ter. H^^groseopic brines are used to dehu- 
midify air or other gases by direct contact, 
and also in absf)rptif)ii refrigeration. Prop¬ 
erties of Li Cl brines are shown in Tables 1 
and 2 and Fig. 3. 


Table 1. Specific Heat of LiCl-Water 
Solutien 


CDncentration, % of 
LiCl by weight 

Specific heat, 

Btu/lb F 

.5 

.993 

5.D 

.960 

10.D 

.901 

2D.D 

.BOB 

3D.D 

.730 

40.0 

.660 


6. Preparation of a usable table or graph 
from the usually quite limited amount of 
original data available on the liquid-vapor 
equilibrium of a given absorbent-refrig¬ 
erant combination requires special pro¬ 
cedures for correlation and interpolation. 
Several such procedures are familiar to 
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cheinicul engineers. For fixed liquid com¬ 
position and varying temperatures, the 
logarithms of the partial and total vapor 
pressures inay be plotted against the re¬ 
ciprocal of the absolute temperature; or 
"Duhring's rule”^ or Othmer'^ plots may be 
made. All of these give straight or nearly 
straight lines which relate the total or par¬ 
tial vapor pressure to the temperature. A 
skeleton log P-]/T chart is shown for am¬ 
monia-water in Fig. 2. For fixed tempera¬ 
ture and varying concentration, “Ilaoult’s 


pure components. A large heat of mixing of 
liquids (i.e., a large temperature rise) is an 
excellent indication of large negative devia¬ 
tions from Raoult’s law and high solubility. 

Charts giving the equilibrium pressure- 
temperature-concentration relations are 
shown in Fig. 2 for the ammonia-water sys¬ 
tem, and in Fig. 3 for the water-lithium 
chloride system. Fig. 4 shows the equi¬ 
librium pressure-teiiiperature-concentra- 
tion relations and the corresponding total 
heats of liquid and vapor, for the amino- 


Table 2. Specific Gravity of LiCl-Water Solution 

(Cuiicentruliun is given in percentage of LiCl in mixture by weight) 


vt 

/p 




Temperature, 

C 




LiCl 

0 

10 

20 

30 

40 

50 

60 

80 

lOD 

1 

1.00604 

1.00574 

1.00411 

1.00150 

.99806 

.99391 

.9891 

.9779 

.9646 

10 

1.05966 

1.05B33 

1.05594 

1.05296 

1.04954 

1.04571 

1.0414 

1.0315 

1.0199 

20 

1.11979 

1.11789 

1.11504 

l.lllBl 

1.08550 

1.10500 

1.1013 

1.0927 

1.0829 

30 

1.1B464 

1.1B219 

1.17914 

1.17602 

1.17269 

1.16940 

1.1659 

1.1576 

1.1507 

40 




1.24B06 

1.24427 

1.240B1 
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1.2B768 

1.2B361 

1.2B003 





law’^ plots, for example, of P, Pi, P 2 , 
Pi/1^1 Ni and P 2 lP’^ Ni against Ni, can 
be recommended. The form of the final 
table or graph is largely a matter of taste; 
it pan well be of some other type. 

Thermal data, i.e., total and latent heats, 
are needed in addition to equilibrium pres¬ 
sure-tern perature-composition data, and 
should be correlated thermodynamically 
with the latter. Entropies are desirable 
also. Procedures will not be discussed here, 
but certain qualitative relations may be 
pointed out. As a general rule, the latent 
heats of vaporisation of both refrigerant 
and absorbent are somewhat higher from 
solution than they are from the pure 
liquids, because of the large negative de¬ 
viations from Raoult's law. The increase 
in latent heat is part of the price of better 
absorption. It then follows from thermo¬ 
dynamics that heat is evolved on mixing 
pure liquid refrigerant with pure liquid 
absorbent or with weak solutions of re¬ 
frigerant in absorbent; and also that the 
partial and total vapor pressures of solu¬ 
tions increase more rapidly with tempera¬ 
ture (i.e., the slope of log P-l/T plots is 
greater) than do the vapor pressures of the 


nia-water system. Fig. 4, prepared by 
Stickney,^ is of a type suggested by Merkel 
and Bosnjakovic,*in which the coordinates 
are weight-concentration and enthalpy. A 
similar chart, for the two phases sepa¬ 
rately, was prepared by Berestneff.® Stick- 
ney's Fig. 4 superimposes the data for the 
liquid phase (index ') and for the vapor 
phase (index ")■ The use of Fig. 4 is illus¬ 
trated by Fig. 5, which show’s a complete 
set of readings for one point on Fig. 4. Fig. 
4 gives no information concerning super¬ 
heated vapor. The enthalpies (total heats) 
for liquid in equilibrium with vapor, also 
apply to subcooled liquid: that is, to liquid 
of the same composition and temperature, 
but under pressure in excess of the vapor 
pressure. The most recent aqua-ammonia 
tables are those of Scat chard et al in Re¬ 
frigerating Engineering of May 1947. 

II. Principles of Absorption 
Refrigeration 

7. The basic cycle of liquid-absorbent 
refrigerating systems is indicated in Fig. 1. 
The four major steps are latent-heat pro¬ 
cesses involving the transfer of refrigerant 
between the liquid and vapor states, in the 
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evaporator, absorber, generator and con¬ 
denser, respectively. Nearly pure liquid re¬ 
frigerant boils in the evaporator, absorbing 
lieat and producing refrigeration at a low 
temperature. The vapor passes to the ab¬ 
sorber, where it is absorbed by weak solu¬ 
tion, producing rich solution and evolving 



Fig. 5. Illustrating Use of Fig. 4 


waste heat which is rejected to the cooling 
medium at ordinary temperature. The 
evaporator and absorber operate at the 
low-side pressure, which is determined by 
the vapor pressure of the refrigerant at 
evaporator temperature. Rich solution is 
pumped to the generator, where high-tem¬ 
perature heat is supplied, to boil out re¬ 
frigerant vapor. The vapor then passes to 
the condenser, where it condenses and 
evolves waste heat which is rejected to the 
cooling medium at ordinary temperature. 
The generator and condenser operate at 
the high-side pressure, which is determined 
by the vapor pressure of the refrigerant at 
the condensing temperature. The weak so¬ 
lution produced in the generator is fed to 
the absorber through a valve, and the 
liquid refrigerant produced in the con¬ 
denser is fed to the evaporator through an¬ 
other valve. 

B. Consider the unrealizable ideal case 
for which the absorbent is non-volatile, the 
specific heats of both absorbent and re¬ 
frigerant are zero, the four processes listed 
above are the only ones of thermodynamic 
significance, and these are carried out un¬ 
der conditions of perfect reversibility, with 
rich and weak solutions of the same con¬ 


centration, namely, that for which the par¬ 
tial vapor pressure of refrigerant at ab¬ 
sorber conditions equals the vapor pres¬ 
sure of i)ure refrigerant at evaporator tem¬ 
perature. The refrigerant vapor would 
obey the perfect gas law, and the latent 
heats would be independent of tempera¬ 
ture at constant concentration, and for the 
ideal combination, as for any other, would 
presumably be slightly higher from the so¬ 
lution than from the pure refrigerant. De¬ 
fining the cycle efficiency or performance 
factor PF as the ratio of the heat absorbed 
in the evaporator to the heat absorbed in 
the generator, the PF of the ideal cycle 
would be slightly less than one under all 
circumstances, decreasing slightly as the 
specified difference between evaporator 
and absorber increased. A simple thermo¬ 
dynamic expression for the ideal PF can 
readily be obtained Identify the following 

quantities: 

Absolute 

temper¬ 
ature 

Evaporator Ti 

Absorber and condenser T 2 

Generator Tn 


Heat 

absorbed 

or 

evolved 

Qi 

Q 2 

Q. 


Let w equal the theoretical work, for the 
ideal reversible cycle, which is derived 
from Qi supplied at T 3 , and is used to re¬ 
move Qi at Tif the heat-sink being at 
for both. Then by the first law of thermo¬ 
dynamics: 

Q. = Qi + Q. 


and by the second law; 


'w = Qi 


Iizh 

T, 


and also w = Qi 


Ti-Ti 

Ti 


Then 




Ti 


The latter expression is not to be re¬ 
garded as giving theoretical values of PF 
which vary with the arbitrary choice of 
Ti, Ts, and Ta, because, as mentioned 
above, Qi/Qi is fixed by other considera¬ 
tions and has a value of about 1; say 0.9. 
What it really means is that 

(r,-r2)»0.9^ (Ta-Ti) 
i 1 
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is approximately eorrcet for the ideal rela¬ 
tion between the three temperatures. The 
ideal T 3 —Tz is thus of the same order as 
Tz— Ti, usually somewhat smaller. In¬ 
creasing Ti—Ti above the ideal value for 
a given T 2 — Ti would not improve the 
theoretical PF^ but it would provide an 
excess of available work over that ideally 
required, for use in overcoming irreversi¬ 
bility in the cycle. For example, it could be 
used to produce weaker solution and thus 
to provide driving head for the absorber 
process. 

9. Actual cycles are never so good as the 
ideal cycle described above; whatever dif¬ 
ferences there are, are always of a sort 
which produce thermodynamic loss. Some 
of the processes waste high temperature 
heat, some waste refrigeration, and others 
waste available work in some other form. 
Both Ti and Qa must be increased above 
the ideal values to compensate for these 
losses. There is considerable room for 
choice between increases in T 3 and Qa; usu¬ 
ally the optimum value of T 3 may be con¬ 
sidered to be the one for which PF is a 
maximum. 

The PF of actual absorption cycles has 
an upper limit of one, no matter how ef¬ 
ficiently they are carried out nor how small 
the temperature dilfereiices between the 
evaporator and the condenser and ab¬ 
sorber ma.y be. On the other hand, the PF 
falls off only slowly as these tempia'ature 
differences are increased, most of the addi¬ 
tional available work required being ob¬ 
tainable through increases in T 3 instead of 
Qi. These characteristics are very different 
from those of compression systems, for 
which the energy input per unit of re¬ 
frigeration goes up in somewhat the same 
proportion as the temperature differences 
between the evaporator and the condenser, 
and the thermodynamic efficiency, instead 
of the performance factor, remains rela¬ 
tively constant. 

10. Analysis of simple cycle. Design, op¬ 
erating characteristics and performance 
can be analyzed by setting up appropriate 
material and heat balances. For any chosen 
section of an absorption refrigerating sys¬ 
tem in a steady state, intake must equal 
outgo, for refrigerant, for absorbent and for 
the sum of the enthalpy of absorbent plus 
refrigerant and heat from external sources. 


Giving intake and outgo opposite signs, 
these conditions can be represented by the 
equations: 

ZW=0; zWx= 0 ; 2 (TFi + Q) =0 

where W =Gi H-frz = Weight of absorbent plus 
refrigerant, lb 

IFx =(ri = weight of refrigerant, lb 
i = enthalpy, Btu per lb 
Q=hGat added or rejected, Btu 

Consider an aqua-ammonia system op¬ 
erating on the simple cycle shown in Fig. 1 . 
The volatility of water under generator 
conditions is a major consideration in any 
aqua-ammonia system. The proportion of 
water in the vapor leaving the generator 
depends on the composition of the liquid 
and the temperature. In the simple cycle, 
no provision is made for removing water 
from the vapor before it enters the con¬ 
denser, hence the water passes through the 
condenser to the evaporator; and being al¬ 
most non-volatile under evaporator condi¬ 
tions, it concentrates as evaporation pro¬ 
ceeds, and raises the boiling point of the re¬ 
maining refrigerant. To keep the evapora¬ 
tor operating, the accumulated water must 
be purged to the absorber, either eontinu- 
nusly or from time to time, as a liquid of 
high ammonia content. 

A.ssume that vapor ami weak solution 
leave the generator in equilibrium at 
chosen values of generator temperature 
and condenser pressure; that condensation 
is at equilibrium for vapor of the composi¬ 
tion so determined; that rich solution 
leaves the absorber at a chosen tempera¬ 
ture and at a composition such that its 
vapor pressure equals a chosen suction 
pressure; and that vapor and purge liquid 
leave the evaporator together, in equi¬ 
librium at the chosen suction pressure and 
a chosen outlet temperature. Assume the 


following conditions: 

Generator temperature, F 220 

Condenser pressure, psig 155 

Suction pressure, psig 20 

Temperature of suction gas and purge 
liquid leaving evaporator, F 20 

Temperature of rich (or strong) liquid 
leaving absorber, F 90 


To find the material and heat balances, 
prepare Table 3. From Fig. 4, find x and i 
for points 1 , 2 , and 3 in Fig. 1 , and enter 
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tliRni in the table. For point 1, strong 
liquid leaving the absorber, the intersec¬ 
tion of the 20 psi line with the 90 F line, 
gives for the liquid, a; ^.405 and i = —16. 
Points 2 and 3, gas and weak liquid leaving 
the generator, are found at the intersection 
of the 155 psi line and the 220 Fline, which 
gives, for the gas, 2:2 = .920 and 12 =755, 
and for the liquid, 2:3=.316 and ia = 133. 


values of Tf^ 2 , .xi, .T 2 and x^, combining the 
two equations and solving: 


Wi = 


.920-.316 
.405-.sTe 


= 6.79; ira=5.79 


The Wi values are next filled in by multi¬ 
plying together the W and i for each point, 
completing Table 3. 

The following quantities may now be 


Table 3. Conditions in Cycle 


Point 

P 


t 

X 

i 

W 

Wi 

1 

20 


90 

.405 

-16 

6.79 

— 109 

2 

155 


220 

.920 

755 

l.OD 

755 

3 

155 


220 

.316 

133 

5.79 

770 

4 

155 


92 

.920 

113 

1.00 

113 

5 

20 


20 

.920 

414 

1.00 

414 


Point 4 is liquid leaving the condenser and 
point 5 is the mixture of vapor and purge 
liquid leaving the evaporator. The mate¬ 
rial passing through the condenser and 
evaporator is that leaving the generator as 
gas, hence, on the customary basis of one 
pound of liquid leaving the condenser: 

X 2 =X4 =X6 = . 920 

and 


calculated. Per pound of litpiid leaving the 
condenser: 

Refrigerating elTert = ii—ii = Wbib — WiiA 
= 301 Rtu 

Heat input to generator by steam = TFzf 2 
+ lf,ia-lPiii=l,C34 Btu 

Heat removed from condenser = W 2 H — W^ii 
= 642 Btu 

Heat removed from absorber = W a't’s + 1^6X6 
-lfiii= 1,293 Btu 


W2 = Wa = W, = 1 


For point 4, at x = .920 for the liquid and a 
pressure of 155 psi, the chart gives 14 = 113 
and a condenser temperature of 92 F. For 
point 5, at 20 psi and 20 F, the chart gives, 
for the purge liquid, a:ii' = .753 and u' 
= —27, and for the vapor, a;B" = .999 
(nearly) and i'b" = 622. Neglecting the trace 
of water in the vapor, the weight of purge 
liquid is 


W 2 


- ■92 

—Xi' 


.079 


= .321 


Then u for the mixture is: 


1b=. 321 (-27)+(l-.32l) 622=414 


For the generator, the material balances 
give: 


tPi-lPa-lFs^O 


and 


WxXi — W^PE — lP*Xa=0 

Substituting the previously determined 


To get the refrigerating effect in tons, per 
pound of liquid leaving the condenser per 
minute, divide 301 by 200 which equals 
1.5. 

The ratio of refrigerating effect to heat 
input is the performance factor, PF, of the 
cycle: 


PF 


301 


= .181 


This is decidedly low in comparison with 
the ideal PF of around .9 obtained in para¬ 
graphs 8 and 9. The largest losses are those 
due to heat carried away from the gen¬ 
erator by the weak liquid, and to the water 
volatilized in the generator and carried 
into the evaporator. Additional equipment 
such as described later reduces the losses. 


III. Industrial Absorption System 

1. Conventional machine. The simple 
ammonia-water cycle as described pre¬ 
viously is very uneconomical and can be 
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PUMP 


Fig. 6. Simple System nvith Auxiliary Apparatus 


greatly ini proved by auxiliary apparatus. 
Some of the auxiliary equipment described 
in the following paragraphs may be omit¬ 
ted in actual application, depending on the 
combination that will give the best eco¬ 
nomic balance between first cost and op¬ 
erating cost. 

Two parts for reducing the amount of 
water in the condenser and evaporator are 
in general use: the analyzer and the recti¬ 
fier. The analyzer consists of a chamber 
through which the vapors leaving the 
generator pass in counterflow contact with 
the strong liquid coming to the generator. 
Either bubble cups or packing may be used 
in order to bring the vapor into better con¬ 


tact with the liquid. As the vapor passes 
upward through the analyzer it is cooled 
and enriched by ammonia, and the liquid 
is heated. Thus the vapor going to the con¬ 
denser is lower in temperature and richer 
in ammonia, and the heat input to the gen¬ 
erator is decreased. The ammonia concen¬ 
tration of the vapors can.be increased still 
further by refluxing above the point where 
the strong liquid is introduced, but this 
will increase the heat input to the gene¬ 
rator.^ 

The rectifier is simply the inlet part of 
the condenser arranged in such a manner 
that its condensate drains back to the gen¬ 
erator or analyzer. The rectifier may be 
cooled by water or by strong liquid. 

It is universal practice to use a counter¬ 
flow heat exchanger for the strong liquid 
flowing from the absorber to the generator 
and for the weak liquid flowing from the 
generator to the absorber. The strong 
liquid leaves the absorber far below its boil¬ 
ing point and the weak liquid must be 
cooled before it enters the absorber; there¬ 
fore the liquid heat exchanger permits a 
substantial reduction in input and saves 
appreciably on cooling water. 

Liquid ammonia passing from the con¬ 
denser to the evaporator is usually cooled 
by bringing it into heat exchange with the 
suction gas leaving the evaporator. Since a 
cooler liquid allows greater refrigerating ef¬ 
fect per unit of weight, this heat exchanger 
gives additional refrigeration at no cost ex¬ 
cept a slightly higher temperature cooling 
water from the absorber. 

The weak liquid precooler is a water- 
cooled section for cooling the weak liquid 


Table 4. Conditions in Cycle 


Point 

V 

t 

X 

i 

W 

Wi 

1 

20 

90 

.405 

-16 

7.64 

-122 

2 

155 

187 

.405 

94 

7.64 

720 

3 

155 

187 

.963 

716 

1.08 

773 

4 

155 

130 

.993 

667 

1.00 

667 

5 

155 

130 

.600 

53 

.08 

4 

6 

155 

220 

.316 

133 

6.64 

882 

7 

155 

lOB 

.316 

6 

6.64 

40 

8 

155 

86 

.993 

136 

1.00 

136 

9 

155 

20 

.993 

61 

1.00 

61 

10 

20 

10 

.993 

580 

l.OO 

580 

11 

20 

76 

.993 

665 

1.00 

655 
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before it enters the pressure-reducing valve. 
It has nearly the same effect as the above- 
mentioned liquid gas precooler and may be 
installed in addition to the latter. 

Stickney" and others^ have worked out 
the effect on the heat balance of the addi¬ 
tion of each of the above auxiliary devices 
to the simple cycle, and also their effects in 
combination. Fig. 6 gives the hook-up of a 
machine employing some of them and Ta¬ 
ble 4 gives the heat balance figures for this 
cycle, based on the following conditions and 
arrived at by the means explained previ¬ 
ously. 



Fig. 7a. Two-Stage System 


Suction pressure, psig 20 
Suction temperature, 

F 10 

Temperature of 
strong liquid from 
absorber, F 00 

Generator tempera¬ 
ture, F 220 

Condenser pressure, 
psig 155 

Temperature of 
vapors leaving 
rectifier, F 130 


izo 

n 
< 

Z 70| 

d 
in 

it 
u 

D. 


The liquid heat ex- 
changer is of such a size ■ 
that the strong liquid I 
leaving it is saturated, j 
The rectifier and liquid 
gas precooler are of such 
a size that the liquid am¬ 
monia is cooled to 20 F 
and the suction gas is 
heated to 10 F below 
liquid ammonia tempera¬ 
ture leaving the condenser. 

From the table the following quantities 
can be obtained: 



i.a 


/ / / 

10 '' Q / ,11 / 


r. / 7 

1 7 ' / 

/ / / / 

3,8 ...Jl 

4t// 

1 / 


// f 


7/ 
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/ / 
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J3, 
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/ 
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I y 

D, A* 
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Fig. 7b. Cycle for Two-Stege System 


Heat rejected in rectifier 
{W,U-W,u-W,u) 

Total heat rejected 


= 102 


= 1,450 


Refrigerating effect, 

(IFpii — TFmi'io) ~ 519 Rtu 

Heat input to the generator 

{Wii% — Wiii + TTsXi — TFbx'b) * 931 


Total heat to the system -=1,450 

Heat rejected in the absorber 

(TFtIt H-ITi it’ll — TTii'i) = B17 

Heat rejected in the condenser 

(TTbIb-TTbI.) - 531 


All the above figures are per pound of 
the liquid from the condenser. The cycle 
efficiency of this process is then 519/931 
“55.6%. Thus it is seen that the auxiliary 
apparatus used in this machine has in¬ 
creased the efficiency almost three times as 
compared with the simple ammonia-water 
cycle described in Part II. At the same 
time the temperature in the evaporator is 
reduced by 10 F for the same suction pres¬ 
sure, which is also a desirable feature. 
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Fig. Ba (left). Cycle for 
System of Bb 


Fig. Bb (below). Another 
Type of Two-Stage Ammo¬ 
nia-Water Absorption Sys¬ 
tem 


(More detailed description of the ani- 
inonia-water absorption inacliinc can be 
found in reference 8.) 

2. Multi-stage absorption machines. An 
absorption systein may consist of two or 
more stages at differtmt pressure levels. 
One arrangement, omitting for simplicity 
the auxiliary apparatus, is seen in Fig. 7a. 
There is one common generator and one 
coinnion condenser for both stages, but 
special evaporators and absorbers for each 
stage. The flow of va])or and liquid are 
clear from the chart, whereby the cycle of 
Fig. 7b can be easily followed by using the 
reference numbers in Fig. 7a identifying 
the characteristic points. Cooling water is 
used in series through the condenser, low- 
stage absorber 2, and high-stage absorber 
1 . Accordingly, all points on Fig. 7b are lo¬ 
cated from left to right. The conditions at 
different points of the cycle can be found 
and the balance equations can be set up in 
the same manner as before. 

Another example of a two-stage machine 
is shown in Fig. Bb. Here are two generators 
and two absorbers, one for each stage, but 
only one condenser and one evaporator. 
The advantage of this arrangement is that 
it permits a lower evaporator temperature 
at the same temperatures of the heating 
medium and cooling water, but at the same 
time it almost doubles the heat require¬ 
ment. (Some other arrangements of the 



multi-stage machine can be found in refer¬ 
ence 9.) 

3. Resorption system. In the processes 
considered above, the evaporator and con¬ 
denser are at constant temperature, which 
corresponds to the Carnot cycle. Lorenz^" 
recognized and appreciated the fact that 
the cycle can be improved thermody¬ 
namically by using changing temperatures 
in the evaporator and condenser of a sys¬ 
tem similar to the changing temperature 
conditions taking place in the generator 
and absorber of the system. By arranging 
a counterflow between the solution leaving 
and entering the apparatus, the heat may 
be regained and the processes made more 
efficient. 

This cycle is represented in Fig. 9a and 
b. It differs from the absorption cj^cle, in 
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that after being boiled off in the generator, 
the refrigerant vapor is not condensed to a 
pure liquid as at point 1, but is absorbed by 
a special weak solution passing through the 
apparatus called a resorber, points 5, 2. 

As the concentration changes, the tem¬ 
perature changes as well. Cooling water 
going through the resorber in a closed cir¬ 
cuit removes the heat of condensation and 
absorption. From the resorber the solution 
goes to the evaporator through the pres¬ 
sure-reducing valve. There it flows in coun¬ 
terflow with the brine, picks up heat which 
boils out the refrigerant. Again, as the 
concentration changes 
the temperature ehaiigevS. 

The resorber and evap¬ 
orator are thus fed by the 
special solution circuit, 
requiring an extra pump. 

Against this there are ad¬ 
vantages of the cycle in 
that it can produce more 
cooling effect at a lower 
level than the usual ab- 
sori)tion system (see the 
cycle shown on the 
dotted line), with the 
same temperature of con¬ 
densing water without a 
higher pressure. It is 
necessary thereby to go 
to a lower pressure on the 
low side. By changing 
the concentration of the 
resorber circuit, it is even 
possible to reduce the 
high-side pressure and still reach the de¬ 
sired temperature in the evaporator. From 
the above, it follows that the absorption 
system may be considered a particular case 
of the resorption system with 100% con¬ 
centration of the resorber circuit. 

The resorption and absorption systems 
can be combined in different ways. Fig. 10 
shows one combination, which results in 
almost doubling the refrigerating effect of 
the system, as the same heat is required to 
run the single effect (shown by the dotted 
line on Fig. 10a) and the double effect of 
the combined system. The pressure condi¬ 
tions must be selected properly. Note that 
more equipment is required, raising the 
first cost of the system. 



Another combination for getting a low 
refrigerating temperature with a high con¬ 
densing temperature, and a comparatively 
low temperature of the heating medium, 
was suggested by Maiuri.^=* 

IV. Absorption for Air Conditioning 

The absorption system may be applied 
to air conditioning by using it as a closed 
or an open system. The closed system cools 
and dehumidifles air by means of a cold 
contact surface in the same way as a com¬ 
pression system. The open absorption sys¬ 
tem and the open adsorption systems, 
which are closely related, are both known 
as dehydration systems. They operate by 
bringing the air into direct contact with 


Fig. 9a. Simple Resorption System 
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Fig. 10b. Combination AbBorption- 
Roaorption System 



Fig. 10b. Cycle for System of Fig. IOb 


the absorbent or adsorbent whieh has a 
high affinity for moisture. This dehydrates 
the air but also raises its temperature, 
therefore this sensible heat must be re¬ 
moved by means of a dry-air surface cooler. 
The air may be further cooled by evapo¬ 
rating water into it, provided the dehy¬ 
dration in the first step is extensive 
enough. According to present information 
the following units are available. 

1. Servel unit. This unit is a closed ab¬ 
sorption system using water as the re¬ 


frigerant and lithium bromide solution as 
the absorbent. It is an all-year air condi¬ 
tioner having cooling units of 3 and 5 ton 
capacity with gas inputs of 69,000 and 
112,000 Btu per hr, and having heating 
sections of 120,000 and 180,000 Btu per 
hr gas input ratings. Operation of the unit 
is best explained by referring to Fig. 11. 

A 25 ton chilled water type unit, using 
the same cooling cycle, is also available. 

No solution pump is used for circulating 
the solution. Instead, refrigerant vapor is 
produced in the generator in several ver¬ 
tical tubes, surrounded by a steam jacket, 
so that vapor lifting of the weak (in re¬ 
frigerant) solution is obtained. From the 
separator at the top of the generator the 
refrigerant vapor passes to a water-cooled 
condenser from which it flows through an 
orifice to the evaporator. 
This orifice serves to 
maintain the pressure 
difference between con- 
denserand absorber, pres¬ 
sure in the former being 
approximately 1 psia and 
in the latter approximate¬ 
ly 0.15 psia. The evapor¬ 
ator is of the direct-ex¬ 
pansion type in which the 
refrigerant is evaporated 
inside extended surface 
coils, with air passing 
over the outside surface. 
From the separator weak 
solution flows by gravity 
(and by pressure differ¬ 
ence) through the liquid 
heat exchanger to the 
absorber. Here refriger¬ 
ant vapor is absorbed 
and the strong solution 
returned by gravity 
through the liquid heat exchanger to the 
generator leveling chamber. 

The water-cooled purge pump serves to 
collect non-condensible gases from the ab¬ 
sorber and deliver them to a gas storage 
chamber. 

A special boiler supplies steam under at¬ 
mospheric pressure to the cooling unit gen¬ 
erator when refrigeration is desired and to 
a heating coil when heating is desired. 
More detailed descriptions of this system 
may be found in references 13 and 14. 


TEMPERATURE F 
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REFRIGERATION AND HEATING CYCLE DIAGRAM 

CONDENSER 
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Fig. 11. Diagram of Servel All-Year Air Conditioning Unit 


The cycle efllcieiicy of the absorption 
cooling- unit is approximately 00%. 

2 . The Williams Air-O-Matic unit is a 
closed absorption system using methylene 
chloride as refrigerant and dimethyl ether 
of tetraethylene glycol as absorbent.^'^-^^ 
With ratings of 7, 15 and (perhaps) 32 tons 
it is suitable for large residences and small 
commercial applications. It is a chilled 
water^® type unit and requires a supply of 
low pressure steam. The boiler is not inte¬ 
gral with the refrigeration unit. 

The operation of this unit may be seen 
by referring to Fig, 12. Low-pressure steam 
enters the steam space of the heater where 
it comes in thermal contact with coils con¬ 
taining solution strong in refrigerant. 
Heated strong solution is discharged from 
the coils into an inner vapor release cham¬ 
ber where refrigerant vapor separates from 
the solution at a pressure of 1 to 3 psig. The 
vapor passes from the top of the release 
chamber down to the condenser, from 
which refrigerant liquid is discharged 


through a drain pipe and passed through 
the absorbent liquid-return heat exchanger, 
then through the refrigerant float valve 
into the w'ater chiller. Here it is vaporized 
at low pressure (21 to 24 in. mercury vac¬ 
uum) by absorbing heat from water circu¬ 
lating to the air conditioner. 

Weak solution remaining after refrig¬ 
erant vapor is expelled in the inner vapor 
release chamber flows from the bottom of 
the chamber through the liquid heat ex¬ 
changer, and thence to the top of the ab¬ 
sorber where it is sprayed over cooling 
coils. Refrigerant vapor from the water 
chiller passes up through a baffle plate 
to the top of the absorber and is absorbed 
by the solution passing down over the 
cooling coils. Strong solution from the bot¬ 
tom of the absorber is pumped by the 
solution pump through the liquid heat ex¬ 
changer and on to the heater coils in the 
steam space. 

Liquid refrigerant entering the water 
chiller contains a small amount of absorb- 
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BH REFRIGERANT-SOLVENT MIXTURE 
I I lIQUID REFRIGERANT 
ESsdlvent 
ESlH refrigerant vapor 


Fig. IZ. Williams Air-O-Matic Absorption Unit 


ent that must be removed from the chiller. 
This is done by continuously bleeding off a 
little liquid through an orifice at the bot¬ 
tom of the chiller and passing it in heat ex¬ 
change with liquid refrigerant entering the 
chiller. Part of the refrigerant in the bleed- 
olT mixture is evaporated in the heat ex¬ 
changer and raises the remaining solution 
to the top of the absorber. 

The cycle efficiency of the latest make, 
according to the manufacturer’s catalog, is 
approximately 50 %. 

3. The Kathabar unit for dehumidifying 
air, is an open absorption system employ¬ 
ing Kathene (lithium chloride brine) as the 
absorbent. According to the flow chart of 
Fig. 13, circulated air is passed through a 
spray of Kathene. Moisture is absorbed 
from the air by the brine which then flows 
to a regenerator where the solution is re¬ 
generated by heating it and passing out¬ 


side air over it to carry off the excess water 
vapor. 

If insufficient moisture is present in the 
circulating air the system may be reversed 
and moisture given up to the air by the 
brine. Whether moisture is added to or 
removed from the circulated air depends on 
the setting of an automatic humidistat 
control. 

A series of four standard self-contained 
units, including contactor and regenerator 
section, and with capacities of 750, 1,500, 
3,500, and 5,000 efin, is available. For 
build-up systems contactor cells are made 
in two sizes having air capacities of 3,000 
and 4,000 cfm. For large installations these 
cells are combined in batteries and re¬ 
generating systems are sized as required to 
handle these batteries. 

4. The Bryant unit is an open adsorption 
unit uiing silica gel as the adsorbent. This 
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unit, availnble in four sizes witli nominal 
air capanity ratings of 500, 800, 1,300 and 
2,900 rfin, may be used for commercial and 
residential air conditioning as well as for 
industrial processes. For comfort cooling 
purposes, companion dry air coolers and 
resaturators are obtainable from the manu¬ 
facturer. 

The cycle is illustrated in Fig. 14. A hol¬ 
low revolving drum constructed of two 
concentric cylinders of fine mesh screen 
contains the silica gel in granular form be¬ 
tween its walls. Interior of the drum, as 
well as surrounding space, is divided by 
means of wiper blades into two compara¬ 
tively airtight sections. The rest of the cy¬ 
cle is apparent from the illustration. The 
drum is rotated at a rate of approximately 
one revolution in seven minutes. In the re- 
saturation cooler air is forced through a 
Wetted rotating drum made of large mesh 
Screen. 


In addition to the above unit, Bryant 
makes two sizes of stationary bed-type de¬ 
humidifiers which have air capacities of 
2,700 and 5,000 cfm. 

5. The Lectrodryer unit is an open ad¬ 
sorption unit using activated alumina as 
adsorbent. The manufacturer specializes 
primarily in air and gas drying equipment 
for all sorts of industrial processes and pro¬ 
duces standard units in sizes ranging from 
350 to 15,000 cfm air capacity. Fig. 15 
shows the arrangement of one type of Lec- 
trodryer unit. Air to be dehumidified and 
heated reactivation air pass alternately 
through beds of activated alundna. If cool¬ 
ing is desired in addition to dehumidifica¬ 
tion, Water coils are supplied, either imbed¬ 
ded in the alumina beds, or installed in out¬ 
let air ducts. 

6. The Carrier unit is a closed absorp¬ 
tion system using water as the refrigerant 
and lithium bromide solution as the ah- 
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Fig. 14. Flow Diagram of Bryant Dehumidifier with Dry Air Cooler and Resaturator 


REACTIVATING 

EXHAU5T 



Fig. 15. Schematic Diagram of Pittehurgh Lectrodryer Using Activated Alumina as Drying Agent 
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sorbent. The machine is designed for 
chilled-water application, and is of the 
type that circulates the refrigerant water 
as the cooling medium through the air 
treating coils. The unit is available in 
rapacities of 115, 150, 200, 270 and 350 
tons. 

The aiTangemeiit and operating cycle of 
the unit are shown in flow diagram of Fig. 
16. (For more detailed information see 
reference 1 8.) 

Water to be chilled enters through 
liciidei' (1) and is sprayed into flash evapo¬ 
rator (2). Shell (3) is maintaiiied at a low 
:ib.soliite pressure nearly corresponding to 
tlie temperature to which the water must 
l)e cooled. Part of the water flashes, cooling 
the remainder. It then drains to the suction 
id the pump (4) which delivers it back to 
the load. The corresi)onding pressure in 
shell (3) is a function of the concentration 
find tempEirature of the solution sprayed 
over the absr)rber coil (5). The flasherl 
water vapor moves down and is absorbed 
by the solution. TJie latter is cooled con¬ 
tinuously by the flow of condensing water 
imssing through coil (5) to remove the re¬ 
sulting heat of condensation and dilution. 

The rich solution is flrained from shell 
(3) into the solution pump (6). This i)ump 
delivei's a portion of the solution through 
the heat exchiinger (7) to the generator 
coil (8), located in the iijipei' shell (!)). 
Steam admitted to the tubes boils off the 
water vapor previously picked up by the 
solution in the absnrbei’. 

Water vapor boiled out of the solution 
is liquefied in the condenser coil (10) by 
the condensing water joassing inside the 
c(hl. The vapor condensate is returned to 
the evaporator (2) through loop (11) which 
acts as a seal against the difference in pres¬ 
sure between the evaporator and the con- 
dtmser. 

The weak solution from the generator 
passes through the heat exchanger (7), and 
enters into a liquid eductor (12). Here it is 
entrained by the other portion of the solu¬ 
tion from pump (6) and is delivered back to 
the absorber spray which completes the 
cycle. The split arrangement reduces the 
flow of solution to and from the generator, 
and therefore the amount of heat to be ex¬ 
changed in the heat exchanger, thus secur¬ 
ing higher efficiency of the cycle. 


Both shells are maintained at a high 
vacuum, one corresponding to the tem¬ 
perature of chilled water, the other to the 
condensing temperature. To remove air 
and other non-condensables, a two-stage 
purge (13) is provided consisting of steam 
and water jets with an interstage purge 
condenser. Two purge lines, one from the 
absorber and another from the condenser, 
connect the purge with the shells. 

The solution pump is a small centrifugal 
|)iimp driven by a inediurn-speefl motor of 
5 to 10 hp, depending on the capacity of 
the unit. 

The efficiency of tlic unit, ai’cording to 
published data’* is appro.xiinately 70% at 
100% capacity. 

V. Costs of Systems 

From past experience it has been known 
that at high evaporating temperatures, 
possibly 0 F and up, the first cost of an ab¬ 
sorption system is higher than that of a 



Fig. 16. Flow DiaBram fur Carrier 
Absorption Unit 
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coiTipression system. At lower tempera¬ 
tures the absorption system is comparable 
or even cheaper, especially when compared 
to reciprocating machines. Yet results ob¬ 
tained in recent development indicate that 
a well-designed absorption machine can be 
built inexpensively for any temperature. 

At a high temperature, say 45 F, the 
overall efficiency of the absorption ma¬ 
chine, including boiler losses, can be made 
as high as 60% for one-stage evaporation. 
This value is to be compared with the ef¬ 
ficiency of transforming heat into electri¬ 
cal energy, a maximum at 30% with a 
practical value of between 20 and 25% 
multiplied by the coefficient of perform¬ 
ance of the cninpression cycle, of about 4.5. 
The product is .25 X 4.5 = 1.125. 

Thermodynamically the compression 
system seems to be much better, but this 
is only a part of the story of operating cost, 
because to the cost of fuel some fixed 
charges must be added, which are consid¬ 
erably greater for the power plant than for 
a steam boiler or a direct-fired generator of 
the absorption system. If this is taken into 
consideration, operating cost of the absorp¬ 
tion system will compare favorably with 
the compression system even at high tem¬ 
peratures. The cost of the absorption ma¬ 
chine, both first and operating, is less in¬ 
fluenced by the evaporating temperature 
than that of the compression machine, so 
that at low temperatures the absorption 
machine will comjiare still more favorably. 

Other important points are: (1) The ab¬ 


sorption machine has no prime moving 
parts; (2) no oil is needed at any point in 
this machine; (3) the machine is inherently 
easy to control at partial load, maintaining 
its full load efficiency; and (4) the machine 
is very adaptable to any set of working 
conditions, and can be fed with a low-pres¬ 
sure steam often available as waste. 
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I. Properties of Air 

^HE properties of air discussed here are 
^ presented in tabular form in Chapter 
10 , which should be referred to when tabu¬ 
lar values are needed. 

1.1—Dry Air Properties 

Volume. Except for small, local varia¬ 
tions in the fraction of carbon dioxide, dry 
atmospheric air has practically a constant 
composition from sea level to about 50,000- 
ft altitude as follows: 



Percent 

Componiion 


by volume 

by weight 

Nitrogen 

78.03 

75.47 

Oxygen 

Monatomic gases, 

20.99 

23.19 

principally argon 

0.94 

1.30 

Carbon dioxide 

0.03 

0.04 

ITydrogen 

0.01 

0.00 


Its equivalent molecular weight, derived 
by the laws of gaseous mixtures, from the 
above composition, is 28.966. Dividing this 
figure into the universal gas constant, 
1545.3 ft-lb per mol deg F, results in a 
corresponding gas constant, Ra, of 53.349 
ft-lb per lb deg F. The ideal gas crpiation 
of state resulting is: 

7<:„T 53.3197’ 

v„=-=- (i) 

P V 


V 

Where Va = specific volume of dry air (cu 
ft per lb) 

T = absolute temperature, t-\- 
459.7 (deg F abs) 
p = absolute pressure, psfa in 
Equation (1) and in. Hg in 
Equation (1.1) 

The volumes of dry air at standard 
atmospheric pressure given in the psy- 
ehrometric tables of Chapter 10 are de¬ 
rived from a modi6ed form of the Beattie- 
Bridgeman equation and are more exact 


than those which result from Equations 
(1) and (l.l). The deviations are small, be¬ 
ing of the order of 0.25% at —100 F and 
less than 0.1 % from 32 F to 200 F. 

Enthalpy, l^rcviously, the specific heat of 
dry air was taken as a constant, 0.24, so 
tliat enthalpy abovii 0 F could be expressed 
as /la =0.24 t. Extension of the data to 
higher temperatures has made it imperative 
to recognize the variation of the specific 
heat of air with temperature. It seems to 
be generally accepted that values of the 
zero pressure specific heat of dry air de¬ 
rived from the zero pressure .specific heats 
of its constituent gases, as calculated from 
spectroscopic data, are more accurate than 
values derived from direct thermal meas¬ 
urements. 

The constant pressure specific heat at 
other pressures may be derived from the 
zero pressure data and an equation of state 
like the Beattie-Bridgeman equation using 
exact thermodynamic relations. This work 
of others was used in constructing Fig. 1, 
as follows: The zero pre.ssure curve is a 
mean plot of the values given in Cornell 
University J'xperiment Station Bulletin 
No. 30,^ and the Sage and Lacey tables.^ 
A cross plot of the graphical data in Bulle¬ 
tin No. 30 indicated that c, was essentially 
a linear function of pressure in the range of 
temperatures from 0 F to 200 F. This in¬ 
formation, together with the correlated 
zero pressure data, served to locate accu¬ 
rately the curves of Cp at standard atmos¬ 
pheric pressure and the other higher pres¬ 
sures. Values of Cp at 29.921 in. Hg abs, 
calculated from the Goff and Gratch 
tables,® are indicated, providing a good 
check of the standard atmosphere line. 

It has been noted above that the varia¬ 
tion of specific heat with pre.s.surc is related 
to the fact that the volume of air does not 
exactly follow the simple equation of state 
(Equations (1) and (1.1)). In spite of this 
apparent inconsistency, the use of the 
specific heat data in Fig. 1 will improve 
the accuracy of computations at low tem¬ 
peratures and high pressures, even though 
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the volumes used in the reduction of air 
flow data are derived from the simple equa¬ 
tion. For exceedingly precise work, the 
Beattie-Bridgcman equation^ may be used 



in place of Equation (1) for computing the 
volume of dry air. 

l.Z—^Water Properties 

Vapor pressure. The most accurate and 
consistent vapor presBure data available 
are apparently those developed by Goff 
and Gratch.^ Below the triple point tem¬ 
perature and pressure (32.0176 F and 
0.18167 in. Hg, respectively), a inetastable 
liquid state exists. In other words, pure 
liquid water resists freezing if no ice crys¬ 
tals are present to initiate the process. The 
vapor pressure of liquid water below the 
triple point is higher than that of ice at the 
same temperature. This, it will be seen, 
results in two possible values for certain of 
the psychrometric properties of moist air. 
In the tables, emphasis is given the proper¬ 
ties corresponding to the vapor pressure of 
the stable ice phase. 

Enthalpy, hg. The enthalpy of saturated 
water vapor, hg, is used in preparing moist 


air properties. An accurate value becomes 
of increasing importance at higher tem¬ 
peratures where more water vapor may be 
contained by the air. In preparing the 
psychrometric tables, values for hg, in Btu 
per lb of steam, as given in the tables of 
water vapor properties,^ were used, but the 
following empirical equations in terms of 
I’ahrenhcit temperature, t, will generally 
provide satisfactory accuracy: 

I'or the range t = -100 F to 70 F 
/i, = 1061.7+0.439 t 
l^or the range t =70 F to 200 F 
/i, = 1063.9+0.410 t 

Similar equations for the enthalpy of 
liquid water and ice are: 

/i/ (for water) =(f-32) 

In the range 32 F to 212 F 

/i/(for ice) =-159+0.48 ^ 

Below 32 I' 


Specific gravity referred to air, G. By 
definition, the specific gravity of water 
vapor referred to air is the ratio of the 
densities of water vapor and dry air at the 
same temperature and pressure. Alterna¬ 
tively, it may be expressed as the ratio of 
specific volumes which, of course, are 
simply the reciprocals of the densities. 
Thus 


Ru, 


Where G = specific vgravity of water 
vapor referred to air 
Va = specific volume of dry air 
from Equation (1) at pres¬ 
sure j}y, and temperature T 
t’m = specific volume of water 
vapor at its own partial 
pressure, and the abso¬ 
lute dry-bulb temperature T 

Rw= - 

T 


Since water vapor does not follow the 
ideal gas laws exactly, Rw is a variable 
depending on pressure and temperature, 
resulting in a corresponding variation in 
G as shown in Fig. 2. If water vapor be¬ 
haved as a perfect gas, its specific gravity 
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referred to air as defined above would be 
constant, and equal to the ratio of molecu¬ 
lar weights of water vapor and air. 


18.010 

28.966 


= 0.6220 


It will be noted that the value of G ap¬ 
proaches the value of this ratio at the lower 
temperatures. 


1.3—Moist Air Properties 

To get a clear picture of the properties 
of moist air, we must first understand 
exactly what moist air is. Suppose one 
pound of air absolutely devoid of any water 
content is placed in a container in which 
the pressure may be riKiintained constant 
at atmospheric pressure. If a quantity of 
liquid water is now added to the container, 
a portion of it will evaporate and become 
mixed with the air in the form of water 
vapor. The remainder will continue to exist 
as a liquid in the bottom of the container. 
The process of evaporation requires tlie 
addition of a certain quantity of heat 
which, if the container is uninsulated, will 
bo supplied by the surroundings. In this 
case, the temperature of the surroundings 
will be assumed to be 50 F. 


If the container remains long enough at 
50 F, an equilibrium condition will be es¬ 
tablished in which the air, water vapor, 
and liquid water will all be at exactly the 
same temperature. When this condition is 
established, the air is said to be saturated 
with water vapor and the material in the 
container, exclusive of the liquid water, is 
called saturated air. 

The theory of psychrometrics based on 
Dalton’s Principle assumes that, under 
saturation conditions such as those de¬ 
scribed above, 

(1) The total pressure, is equal to the 
sum of the water vapor pressure, 

at dew-point temperature and 
the partial pressure of the dry air, fa- 

V-+P."-P (3) 

P^^p-Pa" 

(2) The partial pressure of the water 
vapor is equal to the saturation pres¬ 
sure of water as found in the steam 
tables corresponding to 50 F. 

(3) Both tlie air and w^ater vapor frac¬ 
tions in the saturated air behave as 
though the otlier were not present. 
Consequently, the volume of the 
mixture per lb of dry air may be 
calculated from Equation (1.1), us- 



Fig. 2. Specific Gievity of Weter Vepor Referred to Dry Air 
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ing the air partial pressure deduced 
from Equation (3). 


Ug'r 0 . 75430 7 ^ 
P™ P-P/' 


( 1 ) 


Where v=voluine of moist air, lb per 
lb dry air 

/t’a =gas constant for air, 0.75430 
T= absolute temperature, i 
459.7 (deg F abs) 

(4) The enthalpy of the air-water vapor 
mixture is equal to the sum of the 
specific enthalpy of each constituent 
in Btu per lb, multiplied by the 
pounds of the constituents present 
in the mixture. 


h = //.„ + 
k-h,^Wh, 




Where /i=entlialpy of moist air (Btu 
per lb dry air) 

ha = (mthalpv of dry air (Btu per 

lb) 

hu = enthalpy of saturated water 
vapor at dry bulb temp, t 
(Btu per lb dry air) 

IF = specific humidity of air (lb 
per lb dry air). 


stant pressure is the temperature at which 
condensation will begin. This temperature 
is called the dew point. 

To avoid confusion, it must be noted 
that the moisture content, enthalpy and 
volume of moist air are always given per 
lb of dry air in the mixture. This practice, 
which deviates from that used in most 
other fields (wherein such properties arc 
usually given per lb of mixture), is used 
because in psychrometric problems the 
quantity of water vapor continually varies 
while that of the dry air remains un¬ 
changed. The moisture content associated 
with 1 lb of dry air is called specific 
humidity. 

Specific humidity, W. If the water 
vapor and dry air in a moist air sample are 
considered as occupying the same volume, 
the moisture content, usually called specific 
humidity, in lb of water vapor per lb of dry 
air, is defined by the ratio of the water 
vapor (pu.), and air densities (po) computed 
at their respective partial pressures. Since 
specific volume is the reciprocal of density, 
wc may write 



Pa Viv 


( 1 . 5 ) 


Ilcturiiing to the cniitaioer with its satu¬ 
rated air and litiuid water at 50 F, suppose 
the water is removed and the remaining 
moist air is heated at atmospheric pressure 
to SO l'\ Obviou.sly, the specific humidity, 
IF, remains constant. It will be seen later 
that the water vapor pressure also remains 
substantially constant, although it does in¬ 
crease slightly. The condition of the water 
vapor is therefore changed and, cor¬ 
responding to a pressure slightly above the 
vai)or pressure at 50 F, is at a temperature 
of 80 F. It has become superheated steam. 
The air in this condition is said to be un¬ 
saturated because more water vapor could 
be added until the vapor pressure increased 
to that of water at 80 F. 

If, instead of heating the 50 F saturated 
air, an attempt is Toade to cool it below 
50 F, the actual vapor pressure will tend 
to exceed that corresponding to the lower 
temperature and condensation will occur. 
It is clear, then, that the temperature at 
which air of a certain moisture content 
becomes saturated upon cooling at con- 


Froin E[iuation (1) the specific volume 
of air at a given temperature is inversely 
proportional to pressure. Using Equation 
(2), the above equation may therefore be 
written for the dew-point condition 


W 




=r; 


Pu 


P-Pa" P-Pa' 


(7) 


Where W = specific humidity, lb of 
water vapor per lb of dry 
air 

vapor pressure of water at 
dew-point temperature, 
p = total or barometric pressure 
Va, = specific volume of dry air 
TV=specific volume of water 
vapor at partial pressure 
and absolute dew-point 
temperature V'. 

Volume. By the assumption that in the 
mixture of water vapor and air, each con¬ 
stituent behaves as though the other were 
not present, it is clear that the net effect 
of adding water vapor to one pound of dry 
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air is simply the reduction of the air pres¬ 
sure below the total pressure, p, by the 
amount of the water vapor pressure, 


V=VaX- 


V - V, 


^V-Va / 


( 8 ) 


pp= vapor pressure of water at 
dry-bulb temperature (in. 
Hg or psia) 

Tl'’=specific humidity, of air (lb 
per lb dry air) 

IT, = specific humidity of satu¬ 
rated air at dry-bulb tem¬ 
perature (lb per lb dry air). 


= Va 


Vo" 

P-Va" 



(il) 


Where v = volume of moist air, cu ft per 
lb dry air 

t'B=specific volume of dry air at 
the same temperature. 


It is easy to show that, although these two 
properties are nearlj^ equal at the lower 
end of the temperature range (say below 
100 F), they are not actually identical. 
Writing Equation (7) for saturated and 
unsaturated air at the same temperature 
and total pressure, p, it is found that 


The last expression in Equation (9) is 
obtained by substituting from Equation 
(7) the ratio of specific humidity, W, to 
specific gravity of water vapor, G (at the 
il e w-p 0 i n 11 L‘ m p e r a tu r lO. 

Enthalpy, h. It is obvious that E(juation 
(5) represents the enthalpy of saturated air 
in Btu per lb of dry air. It is not so 
obvious, however, that this same equation 
also satisfactorily defines the enthalpy of 
unsaturated air, provided ho is taken as 
the enthalpy of saturated water vapor at 
the dry-bulb temporature. To be exact, it 
would be necessary to use a value of en¬ 
thalpy for the water vapor corresponding 
to its superheated condition, but at the 
relatively low vapor pressures encountered 
in moist air the enthalpy of superheated 
steam is almost exactly equal to that of 
saturated steam at the same temperature. 
Even at the upper limit of the psychro- 
metric tables (200 F), a maximum error 
of less than 0.2% would occur from this 
approximation in the derived value of 
enthalpy for unsaturated air. The enthalpy 
of dry air and of saturated air would, of 
course, be more exact. 

Relative humidity and saturation ratio. 
These two properties of air are defined by 
the following equations: 

Relative humidity, 4>=Vg"lpB (10) 

Saturation ratio, ti = W/W, (11) 

Where/)„"= vapor pressure of water at 
dew-point temperature (in. 
Hg or psia) 


W ^ Po" / Po 
w, P-Po"/ p-po 


Po P-Po P-Pa 

Where />= total or atmospheric pressure. 

Other symbols have the same signifi¬ 
cance as in Equations (10) and (11) above. 

Moist air properties tables. The psy- 
chrornetric tables in Chapter 10 are for 
atmospheric pressure but they include 
all the properties of water necessary for 
the computation of moist air properties nt 
pressures higher or lower than atmospheric 
pressure. In the tables W,= specific humi¬ 
dity of saturated air in grains per pound 
of dry air (1 lb =7000 grains) 

Va =specific volume of dry air (cu ft per 

lb) 

volume of saturated air (cu ft per 
lb of dry air) 

ha = enthalpy of dry air (Btu per lb) 

/i, == enthalpy of saturated air (Btu 
per lb dry air). 

It is obvious from inspection of Equa¬ 
tions (5) and (9) that the increase in 
enthalpy due to the addition of water 
vapor is directly proportional to the spe¬ 
cific humidity, IF, and the increase in 
volume is practically so. This enables the 
determination of the volume or enthalpy 
of unsaturated air by a process of inter¬ 
polation, using values of volume and en¬ 
thalpy given in the psychrometric tables. 
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Thus . 

- ^„) = /i. - (1 -/i) {h, - K) (13) 
V==Va-\-fl{v, -Va) -V^-{\—tl)iVu — Va) (14) 

Interaction effects. It has already been 
noted that the individual properties of dry 
air and water vapor deviate slightly from 
the simple gas laws. Similarly, there is 
some evidence that the combination repre¬ 
sented by moist air does not strictl}'^ follow 
the dictates of Dalton’s Principle. Inter¬ 
active molecular forces, and the slight 
solubility of air in any liquid water in con¬ 
tact with saturated air, result in a very 
small increase in moisture content of satu¬ 
rated air and other related properties. 


chamber where it comes in contact with 
large wetted surfaces, it will leave in a 
substantially saturated condition with 
temperature P, enthalpy h/ and moisture 
content W/. If the process is continous, a 
quantity of liquid water (W,'— W) must 
be supplied for each pound of air passing 
through the saturator. Now, let it be as¬ 
sumed that: 

1 . There is no pressure drop in the proc¬ 
ess. 

2 . The temperature of the water added 
equals V and its kinetic energy is zero. 

3. There is no mechanical work or heat 
added during the saturation process. 

Under such conditions, the “steady 



SATURATION VALUES 

ENTHALPY-h! 

MOISTURE CONTENT 

TEMPERATURE-P 

VELOCITY-Vz 


Goff'* has considered these factors in the 
preparation of his psychromctric data for 
standard atmospheric pressure. Table 1 
shows a comparison of his values with 
values from the tables in Chapter 10, 
which are based on the simpler psychro- 
metric theory outlined above and ignore the 
interaction and other secondary effects, 
kittle or no information exists on the 
effect of pressure on these phenomena. 

Evaporative cooling and thermodynamic 
Wet bulb. Referring to Fig. 3, if a stream 
of unsaturated air having temperature t, 
enthalpy /i, and specific humidity W, 
is passed through a perfectly insulated 


flow” equation of thermodynamics requires 
that 

2gJ 

=A.'+(i+Tr.')^ (15) 

zgJ 

The superscripts indicate values at the 
thermodynamic wet-bulb temperature, t\ 
defined below. 

Where, in addition to the symbols de¬ 
scribed above, 

V = velocity, fps 

g = acceleration of gravity, 32.2 fps* 
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Table 1. Saturation Properties 



Neglecting interaction 
effects (Section 10) 

Including interaction 
effects* 

Temp, F 

w. 

h. 

V, 

w. 

hi 

Vm 

-50 

.ZB93 

-11.97 

10.31 

.2914 

-11.969 

10.314 

-60 

.1471 

-14.40 

10.06 

.14B3 

-14.394 

10.059 

Diff* 

.1422 

2.43 


.1431 

2.425 


50 

53.40 

20.2B 

13.00 

53.61 

20.301 

13.001 

40 

36.34 

15.21 

12.70 

36.49 

15.230 

12.695 

Diff* 

17.06 

5.07 


17.12 

5.071 


200 

16052 

2675.6 

77.14 

16065 

2677 

77.142 

190 

76B2 

129B.9 

44.94 

7693 

1301 

44.959 

Diff* 

B370 

1376.7 


B372 

1376 



* Differences in specific humidity (T7) and enthalpy (A) for a 10 F temperature ranine, since comparison of absolute 
values has little practical si|;iiiRciiiire. 


J = mechanical equivalent of heat (77S 
ft-lb per Btu) 

If the velocity terms are neglected, this 
is reduced to 

h^{W,^-WW^W or 

( 10 ) 

h-Wh/ = K'-W,n\/ 

It will be noted that the enthalpy of the 
saturated air, h/, its specific humidity, W/, 
and the enthalpy of liquid water, h/, are all 
dofmed by the leaving air temperature, t'. 
Therefore, for a givenf/' 

h/-w/h/ = :^ 

where this equation defines the term X 
knowui as the Sigma function. 

Obviously, there are any number of 
unique moist air samples which will satisfy 
Equation (IG), ranging from dry air, whose 
enthalpy =/i/, to saturated air at All 
such samples are said to have the same 
thermodynamic wet-bulb temperature. 

Equation (16), which dcfiiie.s the thermo¬ 
dynamic wet bulb (twb) and the process 
of evaporative cooling which it describes, 
are important because both are very closely 
representative of the conditions in the film 
t)f air surrounding a wet-bulb thermometer 
(thermometer with bulb covered by a 
wetted wick). In fact, it is possible to cali- 
i^rate, either theoretically or experimen¬ 
tally, the readings of a wet-bulb thermom- 
f^ter so that the twb may be obtained. 
Given the twb and the dry-bulb tempera¬ 


ture, Equation (16) may be solved for W 
and all the related psychrometric proper¬ 
ties may be determined. 

Hence it may be said that the process of 
evaporative cooling to the tw'b is the 
fundamental principle on which the wet- 
dry bulb psychrometf'T is based. 

The velocity terms of Equation (15) 
were neglected in the development of the 
twd3 concept. There is no objection to this 
procedure under most circumstances. At 
higher velocities, of the order of 70 fps 
and above and for precise laboratory work, 
the magnitude of the velocity terms in 
Equation (15) should be investigated. If 
the kinetic energy entering the saturator is 
dissipated in friction, the pressure remain¬ 
ing constant, the resulting rise in Uwh is 
less than the corresponding rise of db. 
The wet-bulb de])ression is conseriuently 
greater. On the other hand, if the kinetic 
energy is reduced to zero by compression, 
a somewdiat higher twb rise results and 
the wb depression deviates less from that 
determined neglecting the velocity 
terms. 

II. The Psychrometric Chart 

2.1—^Description of the Charts 

The psychrometric chart is the mo.st 
convenient mean.s for determining the 
properties of moist air. It is particubrly 
useful for representing proces.scs in which 
air is cooled, heated, humidified, dehumidi¬ 
fied, or mixed with air from other sources, 
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Thp charts us(m1 linrc contain an out* 
standing iinprovernent over charts for¬ 
merly available. Enthalpy of unsaturated 
air has previously been difficult to show on 
the psychrometric chart, because the con¬ 
stant enthalpy lines are so nearly parallel 
to the wet-bulb lines that both cannot be 
shown without causing confusion. Thus 
some previous charts have shown enthalpy 
scales that were only approximately cor¬ 
rect, tending to large errors at high temper¬ 
atures. Other charts used the “Sigma heat 
function” which, by definition, required a 
correction for the enthalpy of the moisture 
contained in the air. In the present charts 
the enthalpy is given on a scale of enthalpy 
at saturation. The readings from this scale 
are used in combination with a set of devi¬ 
ation contours showing the deviation of 
enthalpy for conditions other than satura¬ 
tion. This combination gives exact values, 
or when desired the deviation lines may be 
ignored with results that will be sufficiently 
correct for most problems in the comfort 
air conditioning range. The new type of 
chart is particularly valuable at tempera¬ 
tures below 32 F and at high temperatures 
above comfort conditions. In both of these 
ranges, the deviation of enthalpy for con¬ 
ditions other than saturation cannot be ig¬ 
nored without causing large errors. 

The following properties can be deter¬ 
mined from the charts, as illustrated in 
Fig. 4: 

Dry bulb temperature, represented by 
vertical lines, is read along the lower edge 
of the chart. 

Wet bulb temperature, represented by 
diagonal lines, is read at the intersection of 
these lines with the saturation curve. Be¬ 
low 32 F the charts show properties of 
moist air based upon the vapor pressure 
over ice. 

Specific humidity in grains or pounds 
per pound of dry air, represented by 
horizontal lines, is read on the scales at the 
right-hand side of the chart. 

Dew point (saturation) temperatures, 
constant along horizontal lines parallel to 
the specific humidity lines, are read along 
the saturation curve. Note that dry-bulb, 
wet-bulb and dew-point temperatures coin¬ 
cide at the saturation curve. 

Percent relative humidity is represented 


by a family of curved lines with values indi¬ 
cated thereon. Interpolation V)etween lines 
of relative humidity is done along vertical 
or dry-bulb lines, since spacing is approxi¬ 
mately uniform in that direction. 

Volume per pound of dry air is indicated 
by diagonal lines with values marked 
thereon. 

Enthalpy at saturation is read by ex¬ 
tending the wet-bulb linos to intersection 
with the diagonal scale. 

Enthalpy deviation for conditions other 
than saturation is indicated by curved, 
dashed lines with values marked thereon. 
Note that below 32 F wet bulb these lines 
are nearly parallel to the saturation line 
and are much closer together, indicating a 
greater deviation. Interpolation between 
enthalpy deviation lines should be done 
along wet-bulb lines, since spacing is uni¬ 
form in that direction. 

Enthalpy of water or ice added to or re¬ 
jected from the system is read on small dia¬ 
grams included with tlie main chart. The 
enthalpy of the rejected or added water 
constitutes a small but definite part of the 
heat balance. For the approximate solu¬ 
tion of comfort air conditioning problems, 
it is often neglected, and the error from 
this source seldom exceeds 1 %. The error 
is much greater, however, at high tempera¬ 
tures and at temperatures below freezing. 
The enthalpy of the rejected or added 
water can be conveniently read from the 
small diagrams. In order to use these dia¬ 
grams, simply determine the difference in 
moisture between the entering and leaving 
state, determine the temperature at which 
the water leaves or enters the system, and 
read its enthalpy directly from the small 
chart. Note that where the moisture freezes 
on the coil, a much greater enthalpy is 
involved and it is negative, so that it be¬ 
comes an addition to the cooling load. 

Sensible heat factor. In the application 
of air conditioning equipment, certain 
methods of calculation involve the ratio of 
the sensible heat to the total heat load. 
This ratio is approximately defined as the 
change in enthalpy which takes place be¬ 
tween the two dry-bulb temperatures at 
the mean moisture content to the total 
enthalpy difference. A scale along the 
right-hand margin of the normal tempera- 
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Lure chart, together with an origin at 80 
tlb and 50% relative humidity, affords a 
convenient means of reading tlie sensible 
beat factor. 

Specific properties. It has been found 
convenient in practice to represent the 
enthalpy, volume and moisture content of 
air on the basis of the weight of dry air or 
per pound of dry air. The weight of mixture 
is obtained by simply adding the weight 
of the moisture nr by multiplying the 
weight of dry air by (1where W 
equals the pounds of moisture (i.e., specific 
humidity) per pound of dry air. Siinularly, 
the volume occu])ied by one pound of mix¬ 
ture is obtained by dividing the volume per 
l)ound of dry air by {\-\-W). 

Air is generally measured and referred 
to on a cubic foot basis and, therefore, it 
is often necessary to determine moisture 
content and heat content per cubic foot. 
This is conveniently accomplished by di¬ 
viding the moisture content or enthalpy 
per pound of dry air by the; volume per 
pound of dry air. The result will be mois¬ 
ture content or enthalpy per cubic ft)ot of 
mixture. 

Barometric pressure. The relative pro- 
l)ortion of moisture in the air for any par¬ 
ticular sot of wet-bulb and dry-bulb tem¬ 
peratures depends upon the total or 
barometric pressure. The psychrometric 
chart represents the properties of air for 
standard barometric pressure of 29.92 
in. of mercury. A convenient table is pro¬ 
vided for extending these properties to 
otlior barometric pressures. For psychro- 
inetric problems in the comfort air condi¬ 
tioning range, where the highest accuracy 
is not required and the correction fur 
barometric pressure does not exceed 1 in. 
of mercury, it is sometimes ignored. 

Symbols Used in Text and Examples 

<=dry bulb temperature, F 
^'=wet bulb temperature, F 
i" = dew point temperature, F 
W = specific humidity, lb of water vapor 
per lb of dry air or grains of water 
vapor per lb of dry air 
(7,000 grains = 1 lb) 

IT, = Specific humidity of air saturated 
with water vapor at the dry bulb 


temperature, lb per lb of dry air or 
grains per lb f;f dry air 
T = absolute temperature, equals (F 
temperature-|- 459.7) 
p=tuta] or barometrie pressure, indies 
of mercury (ill. Hr) 

Pa == partial pressure of air, in. llg 
yij," = pressure of saturated water vapor 
at the dew-point temperature, in, 

llg 

pg = pressure of saturated watej- vap(jr at 
tlie dry-bulb temperature, in. Hg 
?'= volume, cu ft piu' I lb nf dry air 
with its associated water vapor 
?'«=sp volume of air; volume in cu 
ft occupied by 1 lb of dry air at 
pressure and temperature t 
euj=voluine in cu ft occupied by 1 lb of 
water vapor iit its partial pressure 
Pw and temperature t 
Pa = density = 1 
Pu, = density = 1 /Vy, 

(/)=relative humidity, Pg'fpg 
p=saturation ratio (also known as 
percentage humidity) =TT/TT, 
h =enthMlpy of moist air, Btu per lb of 
dry air (and associated water vapor) 
ha = enthalpy of air saturated at the wet- 
bull) temperature, Btu per lb dry 
air 

//„= enthalpy of dry air, Btu per lb 
/ip = enthalpy of saturated water vapor 
at dry-bulb temperature, Btu per lb 
/im = enthalpy change from water added 
or rejected from system, in Btu per 
lb of dry air 

(/=erithalpy deviation, Btu per lb of 
dry air 

h =ha' -\-d = enthalpy (true) of moist air 
as found from charts, Btu per lb of 
dry air 

7/1 = Weight of moisture added to or re¬ 
jected from air stream per lb of dry 
air, in grains or lb 

^=Heat added to or removed from 
system, Btu per lb of dry air 
Subscripts 1, 2, 3 etc. indicate en¬ 
tering and progressive state points 
in the system (<i, fz, t,, etc.) 

Z.Z^Ezamples 

Examplo 1. Properties of Moist Air (see Fig. 4). 
Find the properticH of moist air when iVie dr.y bulb 
is 80 F and the wet hu)b is 67 F, 
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Solution (road diroctly from pay chrome trie chart 
for normal tomperaturca) 

Specific humidity (moiature content) -(1^0 =78.2 
gr per lb of dry air 

Enthalpy at saturation (/i/) = 31.62 Btu por lb 
of dry air 

Enthalpy deviation (d) = — 0.1 Btu per lb of dry 
air 

True enthalpy (/i) = 31.52 Btu per lb of dry air 
Specific volume (u) = 13.8 cu ft per lb of dry air 
Relative humidity ( 0 ) = 51 % 

Dew point (i'0 = 60-3 F 

Example 2. Heating Process (see Fig. 5). Air is 
heated by a ateani coil from 30 F dry bulb and 80% 
relative humidity to 75 F dry bulb. Find the rela¬ 
tive humidity, wet-bulb temperature, and dew 
point of the heated air. 

Solution (from Tiormal-temperaturea paychro- 
mctric chart) 

(r) Dow point =25.2 F 

(W) Weij-bulb temperature of heated air = 51.6 F 
( 02 ) Relative humidity =16% 

Example 2 a. Find the heat added per lb of dry 
air in Example (2). 

A-pjrroxiniafe Solution 

/i„i'= 10.1 

/t„ 2 '= 21.1 

q = K 2 ' — h,i'=\\ Btu per lb of dry air 

(Note that this result is 1.5% higher than the fol¬ 
lowing exact solution.) 

Exact Solution 

hi = j'+rf, = 10.1 + .00 = 10.16 Btu 
/t 2 = W 4 -d 2 = 21 .1-0.1 = 21.0 Btu 
g = = 10.84 Btu 

Example 3. Spray or Evaporative Cooler (see 
Fig. 6 ). Air at 115 db and 70 wb passes through 
a water spray where its relative humidity is in¬ 
creased to 00%. The spray water is recirculated 
and the make-up water enters at 70 F. Determine 
the leaving dry-bulb temperature, wet-bulb tem- 



Fig. 4. Diagram of Psychrometric Chart 
Showing Properties of Moist Air 


peraturo, change in enthalpy of the air, and the 
amount of moisture added per lb of dry air. 

Solution. Since the make-up water enters at the 
wet-bulb temperature of 70 F and no heat is added 
to or removed from the system, this is by definition 
an adiabatic process. There will be no change in 
the wet-bulb temperature and the leaving dry-bulb 
temperature can, therefore, bo determined from the 
chart, by following the 70 F wet-bulb line to the 
90% relative humidity line, to be 72.2 F. 



Fig. 5. Heating Process 


The only change of enthalpy of the air is that 
due to the enthalpy of the make-up water. This 
can be demonstrated as follows; 

TFi = 70 gr per lb of dry air 
1^2=107 gr per lb of dry air 
m= 1^2 —TFi = 37 gr per lb of dry air 
= h,i'-\~di = 34.1 - 0.22 = 33.88 Btu 
/i 2 = /i. 2 '+d 2 = 34.1-0.02 = 34.08 Btu 
hjn= (from small diagram for 37 gr at 70 F) = 0.2 
Btu 

9 == 33.88-34.08+0.2=0 



Example 4. Cooling and Dehumidifying Process, 
(see Fig. 7). F'ind the cooling effect per pound 
of dry air where the air enters a cooling coil at 
83 db, 69 wb and leaves at 56 db, 65 wb and the 
condensate is rejected at 55 F. 

Approximate Solution 
= 33.24 Btu 
h. 2 '= 23.21 Btu 

— 10.03 Btu 
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[Note that this value is 1.9% Breater than the fol¬ 
lowing exact Bolution.) 

Exact Solution 

/u-/i.i'H-tfi“33.24-0.12 = 33.12 Btu 
/i 2 *A,j'+d 2 = 23.21-0.01 = 23.20 Btu 
m=Wi-W =84-63 = 21 gr 
/im^Cfrorn email diagram, 21 gr at 55 F) = 0.08 
33.12-23.20-0.08= 9.84 

Example 4 b. For the conditione of Example (4) 
determine the eeneible heat factor. 

Solution. As shown in Fig. 7, draw a line between 
the entering and leaving conditions. Then extend 
a parallel line from the origin located at 80 db and 
50% relative humidity to the sensible heat factor 
scale and read the sensible heat factor of 0.68. 

Example 4b (seo Fig. 7). Find the cooling load 
per pound of dry air due to inhltration of room 
air at 80 db, 67 wb into a cooler maintained at 
30 db, 28 wb, where moisture freezes on the coil 
which is maintained at 20 F. 

Approximate Solution 
A,,'= 31.02 Btu 
A,a'=10.10 Btu 
g = A.i'-A./ = 21.52 Btu 

(Note that this result ia 5% lower than the follow¬ 
ing exact solution.) 

Exact Solution 

/ii = A,i'+di = 31.n2-.1 = 31.52 Btu 
A 2 = A,2'+d2=10.10+.06= 10.16 Btu 
m=lVi-lFa = 78-U) = 59 gr 
A, = (from diagram, 59 gr, 20 F) = —1.26 Btu 
g=A,-A2-Ai= 31.52-10.16+1.26 = 22.62 

Example 5. Cooling Tower (see Fig. B). Deter 
mine the water consumption and the amount of 
heat dissipated per 1,000 cu ft of entering air at 
90 db, 70 wb, when the air leaves at 110 F 
saturated and mukc-up water is at 75 F. 



Approximation Solution (high temperature 
chart) 

^= irx — Tri = 416 —78=338 gr added 

A,i'* 92.34-34.1 = 58.24 Btu added 
Specific volume of entering air = 14.1 cu ft per lb of 
dry air 


338 X1000 

Water oonsumption --=3.43 lb 

per 1,000 cfm 7,000X14.1 

58 24 X 1 OOO 

Heat dissipated per 1,000 cfm = —^- * -= 4,130 

Btu 

(Note that this result is 3.4% greater than the fol- 
lowing exact solution.) 

Exact Solution 

m= TFa—1^1 = 416 —78 = 338 gr 
Aa,= 2.0B Btu (from diagram on high temperature 
chart, 338 gr, 75 F) 
h\ = A,i'+di = 34.1 - 0.18 = 33.92 
Ai = A.2'+dj = 92.34+ 0 = 92.34 
g=A2-Ai-A„= 92.34-33.92-2.08= 56.34 
Specific volume of entering air = 14.1 '^u ft per lb of 
dry air 

Heat dissipated perl 000 cfm=^^—-^-^^^ = 3,990 

14.1 

Water consumption will be the same as shown 
above. 

Example 6. Mixture of Air (see Fig. 9). Inside 
air at 75 db and 62 wb is mixed with outside air 
at 95 db and 75 wb in the proportion of one part 
outside air to three parts inside air by weight. 
Find the properties of the resulting mixture. 

Solution. Draw a straight line between the inside 
and outside state points. Measure off one-fourth 
of the length of this lino, starting from the inside 
state. This will establish a point representing the 
mixture of one part outside air with three parts in¬ 
side air. Properties of the mixed air are thon de¬ 
termined as explained in Example (1). 

It is often convenient to use the dry-dulb tem¬ 
perature scale or the specific huniidity scale as the 
means of dividing the mixture line into the desirod 
proportions. In this example, for instance, one- 
fourth of the difference between the inside and out¬ 
side dry-bulb temperatures is 5 F, and thus the 
mixture of one part outside air with three parts in¬ 
side air will be at a temperature of 75+6=80 F. 
At the intersection of BO F dry-bulb temperature 
and the line representing the mixture, read the 
specific humidity of 71.3 gr, wet bulb of 66.6 F 
and enthalpy of 30.6 Btu. 

When the two air quantities being mixed are at 
widely different temperatures, there will be a very 



Fig. B. Cooling Tower 
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siuall error in the above method due to the elight 
v'ariation of the speeifiD heat of moist air. When an 
exact solution is required under such conditions 
as laboratory work, it is recommended that the 
mixture be calculated on the basis of specific hu¬ 
midity and enthalpy. 



Use of the Chart at Barometric Pres¬ 
sures other than 29.92 in. Mercury 

Each chart is provided with a tabic showing the 
change of apoiufic humidity at saturation, AW/, 
and change of enthaliiy, Ah, for various barometric 
pressures. True values of specific humidity (HO and 
enthalpy (/i) are obtained by adding the corrections 
corresponding to the actual bsruincter reading to 
the values taken from the chart. 

The specific volume of moist air in cu ft per lb of 
dry air can bn determined for any barometric pres¬ 
sures by use of the formula; 

_ 0.754(f+4ti0) / W \ 
p \ ^4,300/ 

Where: t» = volume of moist air per lb of 
dry air, cu ft 
t = dry-bulb temperature 
p= barometric pressure, in. Hg 
W = specific humidity in gr per lb of dry 
air corrected for the actual baro¬ 
metric pressure. 

Relative humidity and dew point can be deter¬ 
mined for other than standard barometric pressures 
by the use of a table of VB[)or pressures and a sim¬ 
ple calculation. To determine either relative hu¬ 
midity or dew point, it is first necessary by use of 
the fidlowing formula to calculate the vapor pres¬ 
sure of the moisture that is present in the air. 




n 


IKXp 

4,360+lF 


Where p=barometric pressure 

p/' = vapor pressure, in same units used 
for barometric pressure 
W= BiJecific humidity, in gr per lb of dry 
air 


Dew point is then read directly from a table of 
vapor pressures as the temperature corresponding 
to the calculated vapor pressure. 

Relative humidity is determined by dividing 
the vapor pressure as obtained above by the vapor 
pressure corresponding to saturation at the dry 
bulb temperature.. 


P9 

Relative humidity = — 

Vb 

Where: p/' is the vapor pressure of the moisture 
in the air calculated as shown above. 

Pg is the vapor pressure corresponding to 
saturation at the dry bulb temperature. 

Note that the factor 4,300 is obtained by multiply¬ 
ing the specific weight of water vapor referred to 
air by 7,000, the number of grains per pound. The 
specific weight of water vapor, as shown in Fig. 2, 
I'aries slightly with temperature and for accurate 
results the above factors should be modified as fol¬ 
lows for different temperature ranges: 

Up to 00 F, USB 4,360 
00 F to 150 F. use 4,3BO 
150 F to 200 F, use 4,400 

Example 7. For a barometric pressure of 25.02 
in. Hg (Ap = —4), and a reading of OO F dry-bulb 
and 70 F wet bulb tempernture, determine the 
following: 

Specific humidity {W) 

Enthalpy (M 

Dow point 

Relative humidity (i/)) 

Volume per lb of dry air (tj*) 


Saluiiun. From the chart read specific humidity 
of 7B gr, corresponding to 90 db and 70 wb. From 
the table under Ap=—4 and £' = 70, read AW/ 
= 17.0 gr. This is the barometric correction for the 
saturated conditions, and as noted on the chart 
this correction should be reduced for conditions 
other than saturated in the ratio of 1% for each 
24 F of wet bulb depression. Thus 

/ 20 \ 

ATF = 17.r>(^l-—X.Ol j =17.5 


and 1F=78-|-17.5=95.5. 

Enthalpy at saturation of 34.10 Btu is read on 
the diagonal scale of the chart for 70 wb and cor¬ 
rected for the deviation of 0.18 at 90 db, giving 
the value of 34.10—0.28 = 33.92. To this must be 
added the correction of 2.75 read from the tabic for 
Ap=—4 and £' = 70, giving the true enthalpy of 
33.92+2.75 = 36.67. 

Td determine dew point first calculate the vapor 
pressure as follows: 


Pb 


WXp 
43 60 +IF 


95.5X25.D2 
4360 + 95.5 


= .555 in. Hg 


Then from the table of vapor pressures determine 
the dew point temperature of 61.4 F. 

Relative humidity is determined by dividing the 
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actual vapor pieHSure (.555 in. Hg) by the vapor 
prosBure corresponding to saturation at 00 F (1.422 
in. Hg) to obtain relative humidity of 30.0%. 

Volume of one pound of dry air with contained 
moisture is determined from: 

.754(^ + 460) r W -\ 

V — -I 1 -|-I 

p L 4360J 
.754(00+400) r 05.5-| 

25.02 

= 10.4 cu ft per lb of dry air 

III. The Measurement of Moist Air Prop¬ 
erties* 

Humidity measureinnnts in comfort air 
conditioning and industrial processing are 
made almost exclusively by the wet bulb 
psychrometer, consisting of a combination 
of wet bulb and dry bulb thermometer 
placed in relative motion to the air. In 
meteorology, the psychrometer finds uni¬ 
versal use even at the cxtnuiiely low tem¬ 
perature of Arctic regions. The psychrom- 
eter may also be used in engine(‘ring prac¬ 
tice at temperatures below freezing if 
suitable i)recautions are taken in its use. 

Of the several metbods available for 
ineMSuring liumiflity at low temperatures, 
tin; j)sychroTm‘tor combini^s the advaiitag<is 
of simplicity, low cost, case of manipula¬ 
tion and commercial av'ailability. When 
properly used, it is entiridy reliable. 

The purpose here; is to (I) reeoiinnend 
the practices and precautions necessary to 
obtain reliable readings with the wet bulb 
psychrometer, and (2) establish the mag¬ 
nitude of errors that may exist under vari¬ 
ous operating conditions. 

3.1 —Selection of Thermometers 

As in any other process, the preeision re¬ 
quired for thermometers used in psychrom- 
etry will depend upon the property being 
determined and the degree of accuracy re¬ 
quired in the results. It so happens that the 
permissible error in thermometer readings 
can be easily estimated. 

Regardless of temperature range, the 
wet-bulb reading is generally more im¬ 
portant than the dry-bulb reading. In the 
comfort air conditioning range, for exam¬ 
ple, an error in the wet bulb reading will 
indicate an error in specific humidity ap¬ 
proximately three times as great as a sim¬ 
ilar error in the dry bulb reading. This 


ratio decreases with temperature, until at 
very low temperatures the dry bulb and 
wet bulb readings approach equal impor¬ 
tance. The detennination of enthalpy de- 
jicnds almost entirel}^ upon the wet bull) 
reading. 

l^'or any particuhir process, the required 
accuracy of wet bulb reading will depend 
upon the overall chiinge in wet bulb tem¬ 
perature. In air coiiditinning practice, it is 
not uncommon to work with changes in the 
wet-bulb temperature in the order of 5 to 
10 y between air entering and leaving the 
equipment. Thus for a i)rocess involving a 
change of 5 1' in the w('fc-bulb temjierature, 
it ean be assumed tliat an error in the wet 
bulb reading of 0.1 V will resul L in an error 
of approxinmtely 2% in oither si)eciric 
biimidity dillf*rence or enthalp}^ differimce. 
Air coolers operating in the low tem])era- 
ture range generally have a e.hauge in dry 
bulb temperature between entering and 
leaving conditions Unit is consideralily less 
than would be usr(i in the comfort air con¬ 
ditioning range. However, it will be found 
tliat tlin cliange in wet bulb temperature 
again runs in the range of 5 Thus for the 
testing of air coolers, a tlieroiometer accu¬ 
racy of 0,1 F i.s genemlly required in order 
to insure that the error in enthalpy differ¬ 
ence or syiecific humidity difference does 
not exceed 2 %. 

I'or jirocesses covering a wide range be¬ 
tween entering the leaving wet bulb tem¬ 
peratures, the higher wet bulb tempera¬ 
ture becomes more iiiii)ortant than the 
lower one, as will be noted by referring to 
Table 2. This table, which shows the devia¬ 
tion of enthal|)y and siiecific humidity cor¬ 
responding to various errors in the wet 
bulb readings at various temperature 
ranges, is useful for deterioiniiig the accu¬ 
racy of wet-bulb reading nece.ssary to 
achieve a specified accuracy of enthalpy or 
specific humidity and in turn for achieving 
a specified percent of accuraev for the proc¬ 
ess. 

Notes on the wet bulb wicks. A suita¬ 
ble material for the wick is cotton tubing of 
a fairly soft, fine mesh weave. Before use, 
the wick should be thoroughly cleaned by 
washing or boiling. A snug fit on the ther¬ 
mometer bulb is necessary and in order to 
prevent excessive conduction of heat from 
the stem, the wick should cover about one 
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inch of the stem as well as the bulb. With 
continued use, wieks become encrusted 
with impurities that interfere with the 
proper action. It is, therefore, highly im¬ 
portant that wicks be frequently cleaned or 
replaced. 

Table 2 


Wet 

bulb 

temp, 

F 

Deviation of enthalpy and specific humid¬ 
ity, corresponding to various errors in the 
wet-bulb reading 


l.OF 

Error 

0.5F 

Error 

0.2 F 
Error 

0.1 F 
Error 

80 

1.08 Btu 
5.3 gr 

.54 Btu 
2.6 gr 1 

.22 Btu 
■1 gr 

.11 Btu 
.5 gr 

60 

.7 Btu 
2.8 gr 

.35 Btu 

1.4 gr 

.14 Btu 
.56 gr 

. 07 Btu 
.03 gr 

40 

.46 Btu 
1.4 gr 

. 23 Btu 
.70 gr 

.09 Btu 
.28 gr 

.05 Btu 
. 14 gr 

20 

.35 Btu 
-7 gr 

. 1B Btu 
.35 gr 

. 07 Btu 
. 14 gr 

. 04 Btu 
.07 gr 

0 

.28 Btu 
-3 gr 

.14 Btu 
. 15 gr 

.05 Btu 
.06 gr 

.03 Btu 
.03 gr 

-20 

.26 Btu 
.1 gr 

.13 Btu 
.05 gr 

.05 Btu 
.02 gr 

. 03 Btu 
.01 gr 


The ice-coated bulb. The wick cover¬ 
ing for the wet-bulb thermometer at tem¬ 
peratures below freezing no longer serves 
its usual purpose, for ice, unlike water, 
does not respond to capillary forces. True 
wet-bulb readings are obtained only wdien 
the surface of the wick is comj)letcly 
covered with a layer of ice. The ice held 
within the wick is useless. 

As a result of the reduced vapor pressure 
at low tem])eraturcs, a longer time is 
necessary to reach equilibrium than at 
higher temperatures. This condition is off¬ 
set, however, by the ice remaining on the 
bulb for a much longer period of time. 
Readings of the wet-bulb thermometer 
must be continued over a sufficiently long 
period to insure that equilibrium has been 
reached. 

Careful tests indicate that reliable re¬ 
sults are obtained by discarding the wick 
and freezing a layer of ice directly on the 
thermometer bulb. An ice film 0.02 in. 
thick has been found to have a life of 
roughly one hour when exposed to an air 


velocity of 900 fpm with a saturation de¬ 
ficiency of about 1.4 gr of moisture. The 
ice film is best formed by dipping the 
chilled thermometer into distilled water at 
approximately 32 F. The thermometer is 
then removed from the water and the film 
allowed to freeze. The process may be re¬ 
peated several times if necessary to build 
up a suitable film thickness. 

There is evidence® that the mechanical 
expansion of the ice in freezing might set 
up stresses in certain types of thermom¬ 
eters to cause an error. One method of 
overcoming this condition is to build a 
tube the same size as the thermometer 
bulb, freeze a coating of ice over it, thaw 
it with warm water inside the tube, and 
place the cup of ice over the thermometer. 

In order to prevent excessive conduction 
of heat along the glass stem of the ther¬ 
mometer to the bulb, it is important that 
the ice film cover about one inch of the 
stem as well as the bulb. 

3.2— Super-cooled Water 

The tendency of water to resist freezing 
at temperatures below freezing is well 
known. This condition of super-cooled 
water can and does exist on the wick of the 
wet-bulb thermometer and ma}^ give rise 
to considerable error. While it is possible 
by the aid of a special psychrometric chart 
to obtain correct readings of psychrometric 
properties with the wick wetted with super¬ 
cooled water, it is generally more desirable 
to coat the bulb with ice. 

3.3— Effect of Air Stream Velocity 

In practice the wet bulb theniionieter 
does not alwaj^s read the true thermody¬ 
namic wct-bulb temperature and under 
certain conditions may deviate consider¬ 
ably from it. The relative rates of diffusion 
of moisture from the wetted surface as 
compared to the diffusion of the surround¬ 
ing air to the wetted surface tends to make 
the actual wet bulb temperature lower 
than the thermodynamic wet bulb temper¬ 
ature. Heat received by radiation from sur¬ 
rounding objects at dry bulb temperature 
tends to make the wet bulb thermometer 
read high. Fortunately, these two effects 
tend to balance each other, with the result 
that the wet bulb thermometer may cor¬ 
respond to the thermodynamic wet bulb 
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teiiiperature at certain air velocities, ami 
will generally deviate from the theoretical 
values less than if either one of these ef¬ 
fects were present without the other. 

Fig. 10 shows the error in the wet bulb 
depression for various air velocities. This 
curve may be used to [a)rrpct the reading of 
wet bulb thermometers where it is imprac¬ 
tical to maintain a suitably high velocity. 
It should be noted that for temperatures 
in the comfort air comlitioning range, a 
velocity of approximatelj'^ 1,000 fpm is 
desirable for minimum error. At lower 
temperatures, a considerably low^er veloc¬ 
ity is indicated. 

Note tliat the curves shown in Fig. 10 
apply to a thermometer bulb of conven¬ 
tional size (slightly under { in. diameter). 
I'or other diameters the velocity scale will 
be directly lU'oportional to the diameter. 

Radiation from coils and other objects. 
If the w’ct bulb thermometer is located 
close to cooling or heating surfaces, there 
may result an error due to radiation from 
such surfaces. In order to avoid this error, 
a shield constructed from yiolishcd metal 
should be placed between the thermometer 
and the radiating surface. 


Wet bulb thermometers located in air 
ducts should not be shieldi'd from the duct 
w’all if the wall is at or near diy bulb 
temperature. If necessary, the outside of 
the duct should be insulated to avoid a 
large difference between the duct wall and 
the inside dry-bulb temy.)pratures. 

Radiation from the observer. If the ob¬ 
server enters the refrigerated space, pre¬ 
caution must be taken to avoid radiation 
from the observer's body to the wet bulb 
and dry bulb thermometers. Further¬ 
more, heat from the observer's body and 
his exhalation of breath may change the 
temperature and relative humidity in the 
vicinity in wdiich the readiiigs are being 
taken. Reliable results can generally be ob¬ 
tained if the obsi'i’ver keeps in motion wdiih. 
using a sling psychrometer and takes 
readings quickly wdiiie avt.iding breathing 
on the thermometers. 

3.4—Use of Thermocouples 

Thermocouples are entirely satisfactory 
for taking psychrometric readings if suita¬ 
ble eqnii)mriit is available and i)roper pre¬ 
cautions are taken in its use. The wet and 
dry bulb tbeniiDcouples may be coiineeted 
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Fig. 10. The Effect of Air Stream Velocity on the Wet-Bulb Psychrometer 
(For conventional size thermometer bulb) 
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in series to give a direct reading of the de¬ 
pression and, wlien measured on a poteii- 
tiouietcr of suitable accuracy, such a series 
couple forms one of the most reliable meth¬ 
ods of obtaining psychrometric data. 

Thcrmocouide wires most commonly 
used in refrigeration practice are copper 
and constantan or iron and constantan. 
The author prefers copper-constantan for 
freedom from rust. Copper has a high 
thermal conductivity and may introduce 
errors due to the conduction of heat from 
the surrounding air, at dry-bulb tempera¬ 
ture, to the lower wet-bulb temperature. 
This condition is best remedied by select¬ 
ing the copper wire about twelve sizes 
smaller than the constantan. Tor example, 
No. 3G copper wire should be selected for 
use with No. 24 constantan. 

The wick must lit snugly over the 
thermocoui)le wire. Small size cotton tub¬ 
ing can be obtained for this purpose, hor 
No. 24 constantan and No. 36 copper wdre, 
the wick should cover about one incli of 
the lead wires beyond the junction, care 
being taken to insulate the leads from each 
other to prevent short circuiting. With 
larger size wire, a much longer length of 
lead must be included within the wick. At 


temperatures below freezing, the wick may 
be discarded and ice frozen directly on the 
thermocouples. 

The small size of the thermocouple 
makes it particularly suited for psychro- 
motric determinations at low air stream 
velocities since as previously stated the 
velocit}'' scale of Fig. 10 is proportional to 
diameters. Thus a wet-bulb thermocouple 
having a diameter of 1/16 in. will have the 
same correction at 100 fpm as the J-in. 
thermometer has at 400 fpm. 
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Introduction 

1. Heiit always tends to flfjw from a 
sonrce of high teinperatiire to a substance 
at a lower teinperature. Hiwit may be 
transmitted from one temperature level to 
a lower temperature levid by three differ¬ 
ent methofls—conduction, convection and 
radiation. Conduction denotes the How of 
heat from one j)art of a body to another 
part of the same body or to another body 
in contact, Avithout disjdaj-.ement of the 
[)articles. In cr)nduction, heat is transmit¬ 
ted by molecular motion. The molecules in 
the material where heat is apjdied are 
made to vibrate mure ra])idl.v as they are 
heated, and they transmit their energy 
as energy of motion to adjoining molecules 
which in turn are sped up and alTe(;t their 
mdghbofs, raising their timiperatures with¬ 
out any aj)[ueciahle displacement of ma¬ 
terial. 

Heat transmission through fluids is 
calhal convection. Actually, tluu’e is con¬ 
duction jaesent when heat is transndtted 
through fluids, but wlien the fluid is not 
])revented from flowing, the transmission is 
said to be caused by convection. Usually, 
“free" or "natural" convection is caused 
by a physical chango in the material Inang 
heated or cooled. Thus, whvn water is 
lieated in a pot, the Avater is first warjned 
at the bottom and an exjiansion takes 
place, making the heated water less dense 
than the cooler AA^ater at the top. The AA^arin 
water flows upward and the cooler water 
flows doAvnAvard, causing "convection cur¬ 
rents." This mixing action serves to carry 
the heat to all portions of the fluid. If the 
fluid is restricted or the heat is applied in 
such a manner that free flow does not re¬ 
sult, then heat is transmitted only by con¬ 
duction. If a test tube of Avater is held over 
a flame so that only the upper part is 
heated, there are no forces set up to cause 
the fluid to flow, so the bottom of the test 
tube will stay cool until actual conduction 
has heated it. When the fluid motion is 


caused by an external force, a fan or pump, 
for example, the heat interchange is called 
"forced" convection. 

In a sense convection really permits con¬ 
duction by riMnoAung the hi'ated fluid, al- 
loAAung heat to flow to an unheated j)ortion 
of the fluid. At the bi)undary layer at the 
edge of the fluid, frictional and viscous 
foi •ces AAoll tend to hold a r( latively small 
layer of the fluid at rest or at a very low 
velocity. This boundary hiyer is knoAvn as a 
"fluid film," and heat is transmitted 
through this film to the main body of the 
fluid essentially by conduction. 

A special case of heat transmission by 
convection occurs when evaporation or 
condensation takvs jdaci*. In a closed con¬ 
tainer, Avhere Aaijjor and liipiid exist in 
equilibrium, all i)arts tend to remain at a 
constant temperature, for if a given part 
becomes cooler, its local Aaipor pressure 
Avill be reduced. Surrounding vapor pres¬ 
sure A\ill then force mori' va])or to the cool 
spot and the vapor will condense, rfdeasing 
its latent heat and tending to warm the 
sjjot. Refrigerant condensers and pressure- 
cookers v)rovide examj)h‘,s of this form i)f 
transmission. 

The tr.-inHinission of heat by radiation 
iinmlves the direct transfer of energy from 
one body to another through space, at any 
distance and without the need for irter- 
Aeiiing matter. It is an electromagnetic 
AA^avc phenomenon similar to light, but of 
longer wave length. 

All bodies give off heat in the form of 
radiant energy, and wdien a system of bod¬ 
ies at different temperatures exists, each 
body will radiate and absorb heat, in 
amounts depending on the composition of 
the bodit^s and their surface conditions and 
temi3eratures, until eventually an equi¬ 
librium will exist, when all bodies are at 
the same temperature. When equilibrium 
has been attained, the radiation continues, 
but then the radiation and absorption are 
equal, so there is no further temperature 
change. 
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Nomenclature 

2. Tlie following nomenclature will be 
u,sed throiigliout this chapter: 

A =aiea perpciidirular to tlie ilirertion t»f 
heat flow, st} ft 

c=spDrifio liesii of fluid, IUu/(lli) 
(deg F); Cp at eonstaiit pressuie 
fy'= conductainie, Btu/(hi-) (deg F) 

D = rliaineier, ft; !)„ equivalent diameter 
fi = prefix indic-ating dilTerential; dimen¬ 
sionless 

fi = base of natural logarithm =2.718. 

(/ = ma,ss velofity, ll)/(hr) (sq ft of cross 
section) 

7 = acceleration due to gravity, 4.17 
X 10“ ft/(hr) (hr) 

/t = heat transfer [■oeUii'ient, lUu/(hr) 
(sq ft) (deg F) 

k = thermal conihictivity, Htu/(hr) (sq ft) 
(deg F per ft) 

L = length, ft 

log, = natural loguritlun =2.303 logio 
= quantity of heat, Btu 
/j=rate of heat flow, Btu/lir; r/e by con- 
vcrtifjn and conduction, fjr by radia¬ 
tion 

/<!= thermal resistance (deg F) (hr)/Btu 
t = tcrni)erature, deg F 
T = absolute tcTniJiuature, deg F abs 

= 100-hl! 

f/ = nvendl coeflicient of heat transfer 
lUu/(hr) (sq ft) (deg F) 

V'= veloi'il y, ft per hr=(7//> 
a: = length of i‘otiductioii path, ft 


(jrcak 
(I (Bid,a) 


A (Delta) 

E (Fpsilon) 

0 (Tileta) 

\ (Lainbila) 

(Mu) 

TT (Pi) 
p (Rho) 

0 (Fhi) 

(Sigma) 


= ci^cIlicienL of volumetric ex¬ 
pansion, for gases = 1/deg F 
abs 

= symbol indicating dilTcr- 
ence; diinensioidess 
= e iniss i vi t y; d i m ensi oid ess 
= tiine, hr 

= latent, lieat of condensation, 
Btu/lb 

= absolute viscosity, lb/(hr) 
(ft) = eentipoises X2.42 
= 3.1110 

= density, lb per cu ft 
= prefix, designating function; 
dimensionless 

Bprefix indicating a sumiiia- 
tion 


Conduction 

3. The basic equation for the conduc¬ 
tion of heat states that the instantaneous 
rate of heat flow equals the product of the 


area perpendicular to the direction of flow, 
the temperature gradient, and a constant, 
k, known as the thermal conductivity: 


dQ 

17 


-kdA- 


dt 

dx 


( 1 ) 


where df|)=the amount of lieat flowing in 
time fW 


-= the instantaneous rate of heat flow 

dS 

dA =area perpciidiLUilar to the direction of 
flow 
dl 

-- =thc temiieraiiirc gradient or change 
dx . 

in temperature, t, per unit length, x 


For steady state conditions, where the 
iemperatiire does not vary with time, and 
for a body of uniform cross-seetioiuil area, 
tlic steady rate of heat flow, q, is expressed 


_ kAAt 

^ X 


( 2 ) 


wdiere a;=length of path of heat flow, A i,s 
the area through which the heat flows, and 
k is in consistent units. 

When heat is flowing radially through 
the walls of a cylinder, sueli as the heat 
flow through pipe insulation, Erpiation 
(2) may still be usiul, if A tlie Ingariihrnie 
mean area, is used for A. A may be fouiul 
from 

iog, (.4i/.d i) 2.:h)3 login (v1-.//lj) 

When the outside area is not more than 
tvviee the inner area {A-i/Ai = 2 or less), the 
arithnu'tric mean, {A 2 -\-Ai)/ 2 , will be 
within 4% of the logarithmic mi'an and 
ina.y be used without serious error in most 
engineering work. 

The units used for the tberrnal conduc¬ 
tivity, k, freipjently cause confusion. 
Strictly, in the Englisli system k is ex¬ 
pressed as Btu per hr per sq ft per unit 
teinjieratiire gradient, deg F per ft of 
length of path, but in the refrigeration, air 
conditioning and building professions the 
value is frequently expressed per inch of 
length of path. However, for consistency, 
in this chapter we will use 

A; = 13tu/(hr) (sq ft) (deg F per ft) (4) 
Care must be used when selecting values of 
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k from a table to note the units used, since 
Bonie tables are based on a foot of thickness 
and others are based upon an inch. 

The values of k vary greatly between dif¬ 
ferent materials, being greatest in metals 
and lowest in gases and insulators, with the 
values in liquids falling between. Thus, k 
for copper is about 220, for water about 
0.35, for air about 0.015, and for cork about 
0.025. Further, k will vary in a given ma¬ 
terial, depending upon tln^ aiipareiit den¬ 
sity; thus in asbestos with a density of 
3.65 lb per board ft, k =0.135, and witli a 
density of 2.44, /i;=0.0S8. Thermal con¬ 
ductivity also varies with temperature, so 
mean values should be used in heat trans¬ 
fer problems. For values of A-, sec Cliap. 12, 
page 220. 

Frequently the flow of heat througli sev¬ 
eral bodies in contact witli each fither is of 
iiriportaiicc. In tins discussion it is con¬ 
venient to use the term resistance, /? = 
x/kA, Then Equation (2) may be written 

M M 


For steady state flow through a system 
of bodies in contact, with no losses due to 
edge effects, it is obvious that the same 
amount of heat must pass through each 
body in a giAom time. Thus 

Ah Ah Ah Ah. 

ii7. 

where Ah, Ah, etc., ari‘ tlie individual re¬ 
sistances of each body, and Ah, Ah, etc., are 
their respective temperature differences. 
From Equation (6), adding (r/Ah =Ah) 
((//h =Ah), etc. 

Ah H" A/z Ah "b ■ ■ ■ Ain i^(Ai) 

® ^ "if?T+/i’2+/e.+ ■ • ■ ~ ~kV ' 


in which Hr is the total series resistance, 
the sum of all the individual resistances. 
Then 


__ 

3:2 _Xa Xn 

fciAi A'aAa ' ’ k^A^ 


( 8 ) 


In Equation (8), A:i, kn, etc., should be 
taken as the mean thermal conductivities, 
and Ai, Aa, etc., as mean areas perpendicu¬ 
lar to the direction of flow. Thus in cylin¬ 
ders, the logarithmic mean areas (Equa¬ 


tion 3) should be used for each individual 
material. 

Conductance is a term used to indicate 
the overall transfer of heat, when condue- 
tion, conveetion and radiation all may be 
pn'.seiit. It is ilefined by the eipiation 

C=:Lq/M (9) 

where C' =condui*tajice, Zr/ is the total heat 
transmission rate, and A« tlie total temper¬ 
ature drop. CondiH'tancc of a unit area, or 
unit conduct.'iime, C' equals C/A, 

C' = AV//Aa/ (10) 

When conduction alone is tlie method of 
heat transmission, [/=A:AA.'/.j: (Equation 
2), conductance becomes kA/x, the re¬ 
ciprocal of resistance. 

Whiui conditions arc not steady, as in 
intermittent heating and cooling, the con¬ 
duction jirnblem bei'omes com}>h'x. Since 
such factors as shape, volume, specific 
heat, density, ami thermal conductivity 
are involved, g( M .'ralizatioii is difficult. For 
a numerical method of solution of these 
problems si‘e Diisinberre, “Numerical 
Methods for Transient Hiait Flow,” Trans. 
ASME, Noveml>er, H)45, pp. 703-712. 

Convection 

4. When heat is a])plicd to a fluid, the 
heat may be transferri'd iir)t only by con¬ 
duction, but also by the mixing of thi; 
heated portion Avith tin* r(‘st of tiie fliiiil, 
whit'll ])rocess is known In oadly as convec¬ 
tion. There are two distinct tyi)es of con¬ 
vection—free or natural convection, which 
is the transfer of heat from a surfaec to a 
fluid causing the fluid to flow only because 
of its change in density, and forced convec¬ 
tion, when the circulation of the fluid is 
caused l)y mecliaiiical meams, such as a fan 
or a pump. 

In either case, whenever tliere is a fluid 
in contact with a surface, there is a fluid 
film, which is stationary at the surface and 
moves only at low velocity near the sur¬ 
face. The study of convection is largely a 
study of the transfer of heat through this 
film. 

It is assumed that all the resistance to 
heat transfer in a fluid lies in the film, and 
that once the heat passes through the film 
turbulence will distribute it throughout the 
rest of the fluid. It is conduction through a 
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film of indeterininate thickness that pro¬ 
duces convection. So, in Equation (2),if the 
term kjx be replaced by /i, tiie film coeffi¬ 
cient, we have 

H=}iAM (ID 


Free convection. A geiienil eiiuation 
for film coellicients for free convection, first 
proposed by Lorenz in 1881, is reasonably 
accurate for vertical planes: 







(12j 


where symbols are as ntited under nomen¬ 
clature (page 70) and f3, the coefricient of 
expansion, is 1/7' for ideal gases. For hori¬ 
zontal cylinders, the outside diameter D is 
used in place of L. 

For surfaces where. L is greater than 
about 2 ft, the effect of L is not apprecia¬ 
ble, and 


For free convectif)n in air, McAdams'* rec- 
runmends the following simydified equa¬ 
tions : 

Horizontal plates, faring upwaril: 

/i.=o.:ls (I'l) 

lbirizf)ntal plates, facing downwanl: 

/^ = ().2 (Atj'’-2f' (15) 

Vertical jilates more than J ft high: 

/i,=().27 (A/)“■■'■* (10) 

V^ulical plates loss than 1 ft high: 

yi. = 0.28 (A//L)"-“ (17) 

Vertical pipes more than 1 ft high, and also 
horizontal i»ipcs; 

/in = 0.27 (18) 

Ill the above, k, is tlie film coefUcient for 
convection. Radiation may account for a 
substantial amount of the total heat trans¬ 
ferred, so the total heat would be 

q = KA (f, - fa) -h hr A (f, - f„) (19) 

where hr is the coeflTicient of heat transfer 
by radiation (see Etyuation (49), page 88), 
and f„ fa, and are the temperatures of the 
surface in question, the air, and the sur¬ 
rounding walls, respectively. 


Forced convection. A general equation 
for the film coefficient for velocities greater 
than the critical was developed by Nus.selt, 
by dimensional analysis: 



( 20 ) 


in which the dimensionless quantities 
DG'/fi and are known a.s llevnolds 

number and Prandtrs number, resyiec- 
tively. The functions ip and xp are deter¬ 
mined expf rimentally, and G is the mass 
velocity, pounds of fluid iier hour per 
.square foot of cross section. Although there 
is no alirupt transition frojii free to forced 
convection, free convection u.sually occurs 
with Reynolds numbers below 2,100, and 
forced convection usually produces Rey¬ 
nolds numbers over 11,000. 

For heating fluids, whose viscosities are 
not more than twice that of water, with 
Reynolds numbers above 2,100, McAdams'* 
gives 



which can also be used for cooling, with 0.3 
instead of 0.-1 as the exponent for Cpfi/k. 
For high viscosity liquids and R(‘yiiohls 
numbers over 10,000, Sieder Tatt‘'“ give 




( 22 ) 


where /z,is the viscosity at the surface tem¬ 
perature and p is the viscosity at the bulk 
temperature. 

For diatomic gases, including air, for 
which Cpii/k =0.74, Equation (21) becomes 

hD/k=0.i}2 (/>67m)“ " (23) 


For heating or cooling viscous liquids 
with velocities beh)w the critical (Reynolds 
number less than 2,100), in horizontal or 
vertical tubes, the recommended equation 
is 


hi) / M-V 

X\T/ 




(24) 


where n is the viscosity at the bulk tem¬ 
perature, and the viscosity correspond¬ 
ing to the average in.side surface tempera¬ 
ture. 
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For oils in turbulent flow an approxi¬ 
mate equation for heating is 

/i.=70i7Z‘"‘3 (2r)) 


where V is in fps and Z is in centipoises. 
For cooling oils, reduce h from Equation 
(25) by 25%. 

For gases heated or cooled outside tube 
bundles, flowing parallel to the tubes, 
Equation (21) may be used by substituting 
for D an equivalent diameter equal to four 
times the hydraulic radius. The hydraulic 
radius is obtained by dividing the free area 
between the tubes by the sum of the perim- 
(‘ters of all the tubes. 

For annular spaces, use Equation (21), 
substituting for D an equivalent diameter 
equal to the difference between the outer 
and inner diameters of the annular space. 

For gases flowing at right angles to sin¬ 
gle cylinders, McAdams*' recommends, on 
the basis of data for both wires and pipes, 
fur any gas, for DnG/tif from 0.1 to 1,000: 


hD, /kf 


= 0.35+0.47 



( 20 ) 


and when Do G/^lf has values from 1,000 to 
50,000 


—^o.2fi 7"-^:)" ■ 
(Wfc/)"’ V w / 


(27) 


which, for air and other diatomic gases, 
with Prandtl number =0.74, becomes 

hDn/hf (DyGVM/)"" (28) 


where k; and are at film temperature, 
which is usually taken as a mean between 
surface and bulk temperatures, and Do is 
the outside diameter. 

The same reference recommends 


hD\i ^ DoG'iiiai \ * 

kf \ kf / \ ^i/ / 


(29) 


for both liquids and gases flowing normally 
to banks of staggered tubes, for Dof/m^x/M 
over 2,000, where G^,„„x is the mass velocity 
through the minimum free area between 
the tubes. For banks in line (not stag¬ 
gered), Equation (29) should be used, with 
the constant 0.33 reduced to 0.2G. 

Figs. 1 through 4 give values for fdm co¬ 
efficients for water and Freon-12, both in¬ 
side and outside, single tubes. 

Condensing vapors. When a single va¬ 
por condenses, the condensate normally 


wets the tube, and fdm type condensation 
occurs. For condensation outside horizon¬ 
tal tubes,’’ 


A =0.73 


\ Dtl/NAtm / 


(30) 


where AG„ is the mean temperature differ¬ 
ence between the surface temperature and 
saturation temperature, X the latent heat 
of condensation, and N is the number of 
rows in a vertical plane. 

For vertical tubes 


;i = 1.13 



(31) 


The film coefficient for Freon-12 is 
roughly 200 to 400 in horizontal tubes, and 
that for ammonia about 1,000. Clean steam 
will give coeffi^Ments ranging from 1,000 to 
3,000 for film t^'pe comlensation. and when 
dropwise condensation of steam occurs on 
highly polished (o treated surfaces, coef¬ 
ficients from 7,000 to 14,000 have been ob¬ 
tained. 

Boiling liquids. When a liquid is boiled, 
as the temperature difference between the 
boiling liquid and the surface is inenaised 
tlic rate of boiling (and the amount of heat 
flowing) increases, but reaches a maximum 
with a critical temperature difference, 
above which the rate of boiling decreases. 
As the temperature difference becomes 
greater than this critical difference, the 
vapor formed by boiling acts as an insula¬ 
tor, impeding the transfer of heat. The 
critical difference for water is about 45 F.“ 

In general, the rate of boiling is in¬ 
creased as the surface becomes rougher, 
and as the liquid being boiled is agitated. 
It is increased with an increase of tempera¬ 
ture difference up to the critical point, and 
is reduced by scale and dirt deposits. 

For boiling, it is usually necessary to 
measure overall transfer coefficients for the 
particular liquid and physical conditions in 
question, as there are few published data 
availaV>lc. 


Overall Transmission 

5. In most cases in refrigeration and air 
conditioning, heat is transmitted from one 
fluid through a solid wall to another fluid. 
It is known that in such transmission, the 
rate of heat transfer, dq, is directly propor¬ 
tional to the area perpendicular to the di- 




B. F. Uahar and F. W. Hutchinson, Heating and Ventilating 


Fig. 1. Film Coefficient lor Water Flowing Inside ■ Pipe 
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Velocity of Water, feet per second 

li. F. Itaber nnd F. W. Iliitchiuson, llmiiny and Venlilalino 

Fig. 2 . Film Coefficient for Water Flowing Outside and Normal to a Single Pipe 
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FREON-12 LIQUID 

INSIDE OF PIPE 



0 I 2345678 

Velocity of Freon-12 Inside of Pipe, (F^/(5econd) 


H, F. Raber and F. W. Ilalchinson, Ilratinu nnd \'fntU(ttina 

Fig. 3. Film Coefficient for Liiiuid FreDn-12 Flowing Inside a Pipe 



Inside Diameter of Pipe, Inches Temperature of Freon-l2(Heating). F 


peratureof Freon-l2(Heating orCoolingjtF 
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Velocity of Freon-12 Outside of Pipe, (Ft)/(5econd) 

B. F. Raher and F. W. Hutchinton, Htaiing and VenlUalinff 

Fig. 4. Film Coefflcient for Liquid Freon-lZ Flowing Outsids of a Pipe 


Qjtside Diameter of Pipe, Inches 
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rection of heat flow, dA, anil to the tem¬ 
perature dilTerence exi^,ting between the 
fluids, Af, or 

dfi = UdAM (32) 

where [/, tlie proportionality factor, is the 
overall coefficient of heat transfer. 

It is obvious that the value of U will de¬ 
pend upon where tlie measurement of area, 
(lA, is taken (i.e., in a double-pipe inter- 
changer, wlu‘ther the inside or outside 
surface of the dividing wall is used.) Any 
surface can be used provided that the one 
selected is defincrl and used consistently. 

Equation (32) represents the overall 
heat transfer; the flow through any single 
element of the path is given by an equation 
of the form 


dfi=^h'dA'Al' (33) 


in which dA' and At' are the area of and 
tenq)erature drop through tlie element be¬ 
ing considered, and h' is called the local 
individual coefficient of heat transfer. 

In the case of a double-tube inter- 
changer, with fluids flowing through the 
center tube and in tlie annular space be¬ 
tween the tube.s, if one fluid is w^armer 
than the otlier there wall be a transfer of 
he/it from tlie w^‘lrnl fluid through tlie wall 
to the cooler fluid. Then, from Equation 
(2) for a w'all tlnekness with a logarith¬ 
mic mean area rM„,, the rate of conduction 
through the waill is 


ku,dA uAlw 

du = -^ 


(34) 


Ereijuently there will be scale or dirt 
adhering to one of the surfaces of tlie wall. 
The same amount of heat passing through 
the wall, dq, must then also pass through 
the scale deposit, wdiich has a thickness of 
-T., a thermal conductivity A:,, and which 
will be assumed to.be on the inside waill, 
whose area is dAi. Since scale deposits are 
usually thill, the area of the w^all is used 
rather than the log mean area of the scale. 
So, for the scale, 


kJA 

dq =- 


= h,dA iAt, 


(35) 


in which h, is used fi)Tk„/x». (Heat trans¬ 
fer coefficients for scale deposits may be 
obtained from Table 1.’^) 

In addition to Equations (34) and (35), 


we may write equations for the boundary 
films between the outer fluid and the wall 
(local coefficient /ip, temperature drop 
A<o), and between the scale and the inner 
fluid (local coefficient /i,-, temperature dif¬ 
ference Ati). 

We have then, for the individual tem¬ 
perature drops: 

Atii = dq/ft[idA D 
Atu< = dq Xw/kudAu- 
Atg = dq/hgdA i 
Ati =dq/hidA i 

Adding these four equations gives us the 
overall temperature difference, A(: 

From Equation (32), At/dq = ] / (I dA, so 
Equation (30) ma^^ be used to find (/ where 
dA is the area for wdiich [/ is desired: 


1 dA XwdA dA dA 

_ = .-]—]..I-1... 

[/ hiidAfi kwdAu, h^dAi hidAi 


(37) 


The most common use of this cipiation is 
the case w'here the wall tiiickness is small 
compared to the tube diameter, when all 
areas (dAi, dAo, etc.) are very nearly equal. 
Then 


l=l+-+i+l 

[; kt k^ h, hi 


(38) 


If there w'ere scale deposits both inside and 
outside, and if the tulie were made of two 
materials bonded together, this would be¬ 
come 


J 

U 


1 ^ 1 ^ X lol ^ X ,ii 2 I ^ ^ 

ha /isD hwi kiii2 hgi hi 


(35) 


and since overall resistance Rt for an area 
dA is /i’r = l/f/, and corresiioiidingly, Ra 
= d A /had An, etc., Equation (3lS) becomes 

RT = Ra-^-R^A-R.+Rt (40) 


which shows that wdien heat flows through 
a scries of different resistances, the total 
resistance is the sum of all individual re¬ 
sistances. 

Extended surfaces. Refrigerating en¬ 
gineers have made increasing use of all 
types of extended surfaces. A thorough 
analysis of various tyjies of surfaces has 
been made by Gardner,^ wdio produced 
curves shown in Figs. 5 through B. Values 
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Table 1. Heat-Transfer Coefficients h, for Scale Deposits from Water* 


Temperature of heating medium 

Up to 240 F 

240- 

400 F 

Temperature of water 

125 F 

or less 

' Above 125 F 

L. . 

Water velocity, fps 

3 and less 

Over 3 

3 and less 

Over 3 

Distilled 

2,000 

2,000 

2,000 

2,000 

Sea water 

2,000 

2,000 

1,000 

1,000 

Treated boiler feed water 

1,000 

2,000 

500 

1,000 

Treated make-up for cooling tower 

1,000 

1,000 

500 

500 

City, well, Great Lakes 

1,000 

1,000 

500 

500 

Brackish, clean river water 

500 

1,000 

330 

500 

River water, muddy, silty^ 

330 

500 

250 

330 

Hard (more than 15 g per gal) 

330 

330 

200 

200 

Chicago Sanitary Canal 

130 

170 

100 

130 


* l^rnm “StandardH of Tubular I'^xrhaiiKBr ManufacturDrs ABButiaLiriri," 3iHi Matlison Ave., Ni:r: \"')rk, N. Y , 

* l)c;liiwiirLi, Kaet River (New York), MisRlHHippi, Sclmylkill, luul New York Hay. 


of fin nffiniontiy, 0, are Riven for the types 
of fins sliown on eae.li of tlie (Uirves where 
i/’ is tlie lieiftlit of the fin in feet, ms shown. 
//. is the outside film eo-eflicieiit, k tlie 
thenuMl eondiietivity of tlu^ fin luMterial 
and yu is lialf the flu width in fetd. as sliown. 
However, it is necessary to convert lin efli- 
cieney into the actual total resistance of the 
fin and tube, R,n. (■ariier and Anih'rson' 
Rive the following formula for idjtainiiiRtiie 
metal thermal resistance, in Btu/(hr) 
(si] ft of total outside surface) (deg F). 


ll,n 


1 ' 

k 


■0 




(41) 


where is tlie outside air film coeflieient, 
Sp is the outside exposed tube surface, srj 
ft per lineal ft of tube, and >S/ is tlie fin sur¬ 
face, sq ft per lineal ft of tube. Carrier and 
Andersoib also point out that a reasonably 
close approximation of the efficiency of a 
square or rectangular plate fin is obtained 
by assuming a flat circular lin of equal area. 

It is necessary, in using the familiar 
eipiation 

q = UAAlrn (d2) 


to understand its limitations. It assumes 
steady state heat flow, constant specific 
heats, and adiabatic operation in parallel 
or counter-flow conditions, wdth U re¬ 
maining constant. The mean temperature 
diflferencc, Af„„ is properly the logarithmic 
mean temperature difference (abbreviated 
log MTD, MED, LMTD, etc.) which is 


Ah-M, Ati-Ali 

-:=-— (-1.1) 

A/, A/| 

log* - 2.303 login - - 

A . At; 


Wliiui li v.’iiio,, with tempeiature we 
have tlie erpiatioii by Nikuradse,^ 


7 =/I 


r U-iAii- i'lAtr 

lAii;. 


(II) 


wliicli, wlien f 'i = L^z, liecoiiies equal to 
Equation (42). 

Curves for determining mean temiiera- 
ture dilTereiices for reversed curnuit and 
cross-flow exchangers of different types 
ar(‘ given by Bowman, Miielh'r and Nagle, 
in Trans. AiSiME, vol. (i2, pp. 2S3-294, 
1940. 

Radiation 

6. The transmission of heat by radiation 
is a wave phenomenon, as is the transmis¬ 
sion of light; the essential [lifTereiici; lie- 
tween the two is that the wave lengths in¬ 
volved in the transmission of heat are 
longer than those in light transmission. As 
the temperature of a body increases the 
proportionate amount of energy emitted 
as light increases, Imt even an incandescent 
lamp filament radiates only a few per cent 
of its total energy as light, the greatest 
portion of the energy being radiated as 
heat. 

Materials differ in their ability to ab¬ 
sorb and emit radiation, so a "black body" 
is used as a reference standard. Defirieil 
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Fig. B. Efficiency Curves for Four Types of Spine 







6. THEORY OF FLOW AND VISCOSITY 


Friction Loss in Pipes 

1. The following symbols are used with 
the meanings given here: 


A = cross sectional area in sq ft 
.4, = cross sectional area in sq in. 

U = wetted perimeter in ft 
f7, := wetted perimeter in in. 

D =pipe diameter in ft 
d=pipe diameter in in. 
m'= hydraulic radius in ft 
7^1 =hydraulic radius in in. 

I =lcngth of pipe in ft 
(/ = 32.2 fps’* gravitational acccleralion 
/* and AP = absolute pressure and press¬ 
ure drop in psf 

p and Ap = absolute pressure and press¬ 
ure droi) in psi 
r = 7*i/p2>l =prcssure ratio 
p — l/r = 7\/Pi<l=ra,tin of expansion 
p'= T/i 7 = noass density in shigs/cu ft 
T =1)2. 4.S' = weight density in Ih/cu ft 
s=sp gr, relative to water 
= 1/7 = specific volume in cu ft/lb 
6=(n —l)/n with n = CplCv the adia¬ 
batic exponent 
V = velocity in fps 
/i =vV 2 f 7 = velocity head in ft 
Flow 

or = coeffiideiit of discharge 
G? = flow in gpm; Q' in cfm ; Q" in cfs 
W' =Q' - 7 =flow in Ib/niiii 
tr"=fiow in Ib/scc 
Head loss 

f=gDncral friction factor (for Darcy’s 
equation) 

/ = 4f friction factor for round pipes 
(Fanning’s equation) 

/i'=head loss in ft, A 7 )'=head loss in jisi 
h\ and Ap'o the same for I = 100 ft of pipe 
/c = resistance factor 
Viscosity 

7j=synibol for absolute viscosity: 

7] in poises jfr in centipfiises 


f 

1 


lb sec 

in -— 

sq ft 


•n'h in 


lb hr 
sq ft 


Ai=symbol for dynamic viscosity: 


p.' in 


lb 

ft sec 


p'h in 


lb 

ft hr 


c=symbol for kinematic viscosity: 
1 / = T^/s in stokes 


vc in centistokes 
p' in sq ft/sec 
v'k in sq ft/hr 

Flow and Velocity in Conduits 

2. The average velocity in ri conduit is 
defined as 

= =144 (Q’7>1.) fps 

With the flow in cfm or gjnn and the 
pipe diameter in inches, we ran write: 

i, = M4 (Q'7.1j=2.4 (g7^4i) 

= 0.321 (bV^I.) fps 

also 

(183.35) (3.050) 

u -=--- Q 

iP d‘^ 

(0.4085) ^ (la) 

-- G fps 

(P ' 

If the flow is given as W' Ib/juin, we 
substitute Q' = IW/t = W'/^2A s. 

Another useful relation is 

1 cfs = GO cfm = 418.8 gpm 
1 gpm =500 s ■ Ib/hr 


Basic Energy Equation of Flow; Flow 
through Orifices and Nozzles 

3. The velocity of any fluid is the result 
of an acceleration process during which a 
part of the fluid’s potential energy (i.e., 
energy due to pressure) is changed into 
kinetic energy. The decrement in potential 
energy, which is the work spent on ac¬ 
celeration, appears as increment in kini‘tic 
energy: 

V-{-dP) = -dPh = d{vy2g) ^ ( 2 ) 


Liquids. In the case of liquids the work 
spent in accelerating the fluid from v=0 
velocit}^ is: 


V-iPi-P,) 


AP 

7 


144 • Ap / v^\ ft lb 


_ / v^\ ft lb 


(3) 


since for liquids the specific volume 
V ~l/y remains constant. 


1911 
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Ttie pressure drop along the path (con¬ 
current with the acceleration) is numeri¬ 
cally equal to the pressure at the bottom of 
a real or imaginary column of liquid stand¬ 
ing h ft high above the point where the ac- 
neleriition ends, and having a uniform 
density equal to that of the liquid at flow 
condition. This height 

which is called the "velocity head," is 
identical with the height through which a 
free-falling body must drop to attain the 
vcilocity V fps. 

Velocity of discharge. From Equation 
(4) we get 

w = = 8.025 fpa 

(o) 

v = 96.3\/Ap/7 = 12.19\/ApA Ips 

as the theoretical velocity. Because of 
friction in the orifice or nozzle, the actual 
velocity is somewhat less. 

Volume discharged. Inertia forces in the 
jet emerging from a plain, sharp-edged 
orifice cause the jet to contract, until it 
reaches its niaxiuiuni velocity and mini¬ 
mum diameter in the so-called "vena con- 
tracta," where all the fluid particles of the 
jet move in parallel; thus the natural con¬ 
tours of this free jet conform to a converg¬ 
ing nozzle. 

The smallest cross section of the jet is 
only a fraction of the actual orifice area; 
the velocity in it is slightly less than the 
theoretical value. Both these facts are ac¬ 
counted for by applying a so-called cDeffi- 
cient of discharge a, the value of which de¬ 
pends on the quality of the orifice edge and 
also on the magnitude of the approach- 
velocity. For a truly sharp orifice with a 
negligible ajiproach A^elocity « =0.62. Dull¬ 
ing the edge and increasing the approach 
velocity increases the value of at. 

The jet from a nozzle has attained its 
minimum cross section inside the nozzle; 
thus there is no contraction of the jet after 
leaving the nozzle and the factor a ac¬ 
counts chiefly for the loss in velocity. The 
value of a is about .97 to .99, depending 
on the quality of the nozzle. 


If the actual area of the orifice or nozzle 
is Ai sq in., the volume discharged will be 

w cfs (6) 

144 

with V in fps as in Equation (5). 

In the more commonly used gpm units 

G= 25 ■ [a Ai) \/h gpm 

f7 = .300 -(at -.4 i) ■ BPMI (7) 

G= 3H- {a - Ai) ■ gpm 

Weight discharged may be expressed as 
=Q" y Ib/sec. More explicitly, we can 
write 

[V'= 3.344 ia-Ai)yx/h Ib/min 

If'=40.125 {a-Ai)- v/7^ Ib/miu (8) 

IF'— 317 (a-ii.) ■ \/a Ap Ib/min 

In the equations given above the value of 
7 or s must be that existing at the actual 
conditions of the flow. 

Gases and vapors. In the case of gases 
and vapors, a pressure drop is always ac¬ 
companied by a corresponding increase of 
F, the specific volume; therefore the work 
spent on acceleration is 

= ftib/ll. (9) 

where p ^P^/Pi is the expansion ratio and 
e =(n — l)/n, with n as the exponent in the 
constant equation for the adiabatic 
expansion line. 

We should distinguish between three 
different cases: 

If the pressure drop is small (less than 
5% of the absolute pressure at the start), 
we can neglect the increase in volume and 
use the equations for liquids. We find the 
velocity of discharge to be 

v= 96.3^1^1^ fps (10) 

which is identical with Equation (5), since 
F-l/y. (It is more convenient to use V 
than 7 when dealing with gases.) 

The volume discharged will be 

Q'=40.125 {u■Ai)■^/Vl■^v rim (11) 
whereas the weight discharged will be 
If'=40.125 (a - A.) ■ -s/Ap/Fi fb/min. (12) 
Equations (10) and (11) give a smaller 
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figure, while Equation (12) gives a larger 
one, than the true value. For a Ap-5% 
pressure drop, the error in v and Q' will be 
about -1.25%, whereas the error in W' 
will be about + 3.75%. However, we can in¬ 
crease the accuracy of these equations sub¬ 
stantially by multiplying Equations (10) 
and (11) by the factor (1 -|- 0.25Ap/pi), and 
Equation (12) by the factor [1 —j (Ap/pi)], 
where Ap/pi=(l—p) is the relative pres¬ 
sure drop and 7 is a factor varying with the 
value of n, as given in Table 1. 

By appl^dng these correction factors, we 
can extend the use of these equations al¬ 
most as far as the critical pressure drop, 
with only a negligible error. 

For a medium pressure drop (pz >V^). 
we can either use the above equations with 
the proposed correction factors, or we can 
determine the correct values by means of 
the basic Equation (9) with p=V^lV\ 
= (1 — Ayj/pi), finding the velocity to be 

ir = 96.3VprT;' * fps (13) 

and the flow to be 

M" = 40.125 (a-Ai)'v/p7P7x 

(, 4 ) 

For a fixed 2 )i — T’l starting condition, the 
flow W' varies, as does the value 

which goes through a inaximuni at that 
critical expansion ratio, p =pc, for which 



both of which are only a function of n, the 
exponent for the adiabatic expansion line. 

If in Equation (13) we substitute p' as in 
Equation (15), we find 

i.. = 90.3^ 

as the velocit}^ for the critical expansion 
ratio corresponding to the maximum flow 

ir„'=40.l25 (a-Ai)-/3v/pr/iTlb/min (18) 

with jS as in Equation (10). 

The corresponding values of /fl, p^ and 
e = (n —l)/n, for all feasible n values, are 
given in Table 1. 

If the pressure drop is large, during the 
acceleration process the velocity, y, of the 
gas increases steadily, as does its volume, 
V. The rate of the velocity increase is 
greatest at the very start, diminishing as 
expansion progresses. The contrary is true 
for the rate of the volume increase. As a 
result the ratio F/v, which is a measure 
of the nozzle cross-section required, first 
decreases as expansion progresses, reach¬ 
ing its ininimuin at the critical expansion 
ratio in the vena coiitracta. After that it 
increases, indicating that the nozzle cross- 
section also must widen out, in order to 
accommodate the increasing volume as ex¬ 
pansion proceeds (Laval nozzle). If such 
widening of the nozzle is not provided for^ 


Table 1. Data for Gas Flow 



1/n 

n— 1 


re=l/pc 



& 


n 

J 

Pc 

\ p. A 

1.00 

1. 

0 

.775 

1.649 

.6065 

.3935 

.429 

1.05 

.9524 

.0476 

.741 

1.679 

.5955 

.4045 

.4365 

1.10 

.9091 

.0909 

.710 

1.709 

.5850 

.4150 

.4440 

1.15 

.B696 

.1304 

.682 

1.741 

.5745 

.4255 

.4513 

1.20 

.B333 

.1667 

.655 

1.771 

.5645 

.4355 

.4584 

1.25 

.aooo 

.2000 

.631 

1.802 

.5550 

.4450 

.4652 

1.30 

.7692 

.2308 

.608 

1.832 

.5460 

.4540 

.4717 

1.35 

.7407 

.2593 

.587 

1.862 

.5370 

.4630 

.4780 

1.40 

.7143 

.2857 

.567 

1.894 

.5280 

.4720 

.4840 

1.45 

.6896 

.3104 

.549 

1.923 

.5200 

.4800 

.4900 

1.50 

.6667 

.3333 

.532 

1.953 

.5120 

.4880 

.4960 
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Table 2. Viscosity of Freons and Methyl Chloride in Centipoises (t;.,) 


LiquldB at BaturBtiDn proBBure 


Vapors at 1 atm 


t 

F 

F-ll 

F-12 

F-21 

F-22 

F-113 

F-114 

Meth¬ 

yl 

chlo¬ 

ride 

F-ll 

F-IZ 

F-Zl 

F-Z2 

F-113 

F-114 

Meth¬ 

yl 

chlD- 

rids 

-40 

.980 

.423 

.629 

.351 


.879 

.349 

.0088 

.0106 

.0094 

.0105 


.0095 

.0086 

-20 

.BOl 

.371 

.547 

.316 

1.566 

.711 

.321 

.0092 

.0109 

.0098 

.0109 

.0090 

.0098 

.0090 

0 

.677 

.335 

.484 

.291 

1.263 

.598 

.298 

.0096 

.0113 

.0101 

.0113 

.0093 

.0102 

.0094 

+20 

.586 

.308 

.436 

.271 

1.043 

.516 

.279 

.0099 

.0116 

.0105 

.0118 

.0095 

.0106 

.0098 

40 

.517 

.286 

.397 

.256 

.876 

.454 

.263 

.0103 

.0119 

.0108 

.0122 

.0098 

.0109 

.0101 

60 

.461 

.269 

.364 

.243 

.747 

.405 

.249 

.0106 

.0123 

.0111 

.0126 

.0101 

.0112 

.0105 

BO 

.417 

.255 

.337 

.232 

.646 

.366 

.237 

.0110 

.0126 

.0115 

.0130 

.0103 

.0116 

.0108 

IDO 

.3B0 

.242 

.314 

.223 

.564 

.334 

.226 

.0113 

.0129 

.0118 

.0133 

.0106 

.0119 

.Dili 

120 

.349 

.232 

.294 

.214 

.497 

.307 

.217 

.0116 

.0132 

.0121 

.0137 

.0108 

.0122 

.0115 

140 

.323 

.222 

.277 

.207 

.442 

.284 

.208 

.0120 

.0135 

.0124 

.0141 

.Dili 

.0125 

.0118 

160 

.300 

.214 

.262 

.201 

.395 


.200 

.0123 

.0138 

.0127 

.0145 

.0113 


.0122 

IBO 

.281 

.207 

.24B 

.195 

.356 


.193 

.0126 

.0140 

.0130 

.0148 

.0116 


.0125 

200 

.263 

.200 

.236 


.322 


.186 

.0129 

.0143 

.0133 

.0152 

.0118 


.0128 

220 

.248 


.225 


.293 


.180 

.0132 

.0146 

.0136 

.0156 

.0120 


.0131 

240 

.232 


.215 


.268 


.175 

.0135 

.0149 

.0139 

.0159 

.0123 


.0134 


Data by Tlonniiig & Markwood, Rp/rig. Eng. April 1930. 


the gils cannot oxpanrl beyond the critical 
ratio. Thus the velocity given in Equation 
(17) is tlie niaxiinuni attainable with con¬ 
verging nozzles or plain orifices. 

After the jet emerges from the nozzle or 
the vena contra eta, the gas is free to ex¬ 
pand further. However, unguided by sur¬ 
rounding walls, the pressure drives in every 
direction, the motion becomes irregular, 
and the jet explodes. 

The flow, as given in Equation (18), will 
be the maximum in all cases, oven if the 
nozzle widens out, since widening the 
nozzle increases the velocity but not the 
flow, which is fixed b}' the cross sectional 
area of the throat. 

Theory of Viscosity 

4. Viscosity is the cause of the fluid fric¬ 
tion, which appears whenever two adjac¬ 
ent layers of a fluid slide past each otlier. 
This frictional resistance is of the nature of 
a shearing stress, its magnitude depending 
on the rate of sliding as well as on the vis¬ 
cosity. For one square font of sliding area 
the drag is 


T = 7}'• (dv/dx) (19) 


(dv/dx) 


Ih sec 

m - units 

sq ft 


( 20 ) 


In the scientific literature the absolute vis¬ 
cosity is given in “poises'' (i.e., in dyne sec 
/sq cm units) and is designated by rj; often 
it is given in centipoises ( 1 / 100 th of a 
poise), and is designated by (also by Z). 
Since 1 lb =981 X 453.6 dyne and 1 sq ft 
= 929 sq cm, it is evident that one (lb sec 
/sq ft) unit =479 poises. Thus r/ poises or 77 ^ 
centipoises are equal to 

7,/479=W47900 = t,' in (21) 

sq ft 


The Reynolds number, Re, is an im¬ 
portant criterion when analyzing flow 
problems. For round pipes. 


Re = 



( 22 ) 


which is dimensionless and without any 
factor, if all components are given in con¬ 
sistent units. In this formula p is the mass- 
density (i.e., p =y/g). Substituting this we 
get 


Re = 


D-v-y 



(22a) 


where 17 ' is the absolute viscosity and 
dv/dx is the velocity variation normally 
across one unit thickness of the sliding 
layer in fps/ft = l/sec units, (called veloc¬ 
ity gradient). From Equation (19), the 
magnitude and dimension of the absolute 
viscosity in fps units is 


This value rj'• g =p' also i.s called viscos¬ 
ity, although it appears in lb/ft sec units. 
Often the two units are badly confused in 
engineering literature. For the sake of clar¬ 
ity let us call this unit "dynamic” viscos¬ 
ity. Its numerical relation with the poise 
and centipoise unit is 
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/=32.2i,'=32.2(,,/47D) 

77 77 d . lb 

14.88 1488 ft sec 


(23) 


The ratio rj'/p'=ij.'jy is called "kine¬ 
matic" viscosity. Its dimension is sq ft/sec, 
and it is desi|^natecl by v'. With 7 = 02.4 s, 
from Equation (23) we derive 

V = u fy = -=- 

62.4i' 929 (24) 

= r/929 in sq ft/scc 


where (> 7 / 5 ) =v is tlie kinematic viscosity in 
sq cm/sec units, called "stokes.” Analo¬ 
gously, the ratio ri^/s=Vc is called centi- 
stokc ( 1 / 100 th of the stoke). 

In the study of heat transfer the viscos¬ 
ity units are based on the hour as the unit 
of time. With 77 the absolute viscosity in 
poises we find: 


-n' h 


v 

3600 


77 lb hr 

i~72r).io« ft" 


units 


lii'h = 3600 ■ = 242 • 77 ill 


lb 

ft“h7 


units 


i/'ft = 3600 i''=3.875 (77 /s) in -^ 7 —units 

hr 

Thus we have three types of units for ex¬ 
pressing viscosity: ( 1 ) abs unit = force ■ time 
/area (symbol 77 ); ( 2 ) dynamic unit —force 
/length time (symbol p); and (3) kine¬ 
matic unit = area/time (symbol i^). 

When making computations involving 
viscosity, it is important to distinguish be¬ 
tween these- units in order to avoid utter 
chaos in our calculations. 

The viscosity of liquids decreases rapidly 
with rising temperature, and vice versa. As 
a rough rule we may say that the logarithm 
of the absolute viscosity varies linearly 
with the reciprocal of the absolute tempera¬ 
ture; that log 77 =a-]-h/T, is a straight line 
in a seinilog plot with 77 on the logarithmic 
scale. 

The viscosity of gases, on the contrary, 
increases with the temperature. 

Viscous Flow 

5. The magnitude of the Reynolds num¬ 
ber is a criterion of the tj^ie of flow there 


Table 3. Viscosity of Liquid NHa, Centipoises ( 77 r) 


Pressure, 

psia 



Temperature, 

F 



Saturation 

0 

10 

20 

30 

40 

50 

60 


temp, 

F 

30 

_ 

_ 


_ 

_ 

_ 

_ 

.2503 

-.6 

40 

.2539 

.2482 

— 

— 

— 

— 

— 

.2474 

11.7 

So 

.2562 

.2509 

.2444 

— 



— 

.2432 

21.7 

60 

.2585 

.2533 

.2474 

.2398 




.2398 

30.2 

70 

.2605 

.2556 

.2499 

.2427 

— 



.2362 

37.7 

BO 

.2624 

.2576 

.2521 

.2553 

.2369 

— 


.2328 

44.4 

90 

.2643 

.2595 

.2541 

.2476 

.2397 

.2301 

— 

.2295 

50.5 

100 

.2661 

.2613 

.2559 

.2496 

.2420 

.2331 

— 

.2264 

56.0 

120 

.2691 

.2645 

.2594 

.2534 

.2461 

.2376 

.2277 

.2204 

66.0 

140 

.2718 

.2675 

.2625 

.2567 

.2495 

.2413 

.2318 



160 

.2740 

.2699 

.2651 

.2594 

.2526 

.2445 

.2355 



IBO 

.2760 

.2720 

.2674 

.2617 

.2549 

.2472 

.2387 



ZOO 

.2778 

.2740 

.2695 

.2639 

.2571 

.2496 

.2510 



220 

.2794 

.2756 

.2712 

.2657 

.2590 

.2515 

.2430 



240 

.2808 

.2770 

.2727 

.2673 

.2607 

.2532 

.2447 



260 

.2820 

.2783 

.2740 

.2687 

.2623 

.2542 

.2463 



2B0 

.2833 

.2796 

.2752 

.2699 

-2636 

.2560 

.2477 



300 

.2844 

.2807 

.2763 

.2710 

.2647 

.2572 

.2489 



320 

.2853 

.2817 

.2773 

.2719 

.2657 

.2584 

.2501 



340 

.2861 

.2825 

.2782 

.2728 

.2666 

.2594 

.2510 



360 

.2868 

.2833 

.2789 

.2736 

.2675 

.2603 

.2520 
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Table 4. Viscosity of Liquid Methyl Chloride, Centipoises (i}„) 


Pressure, 

psis 

Temperature, F 

Saturated liquid 

0 

10 

20 

30 

40 

50 

60 

70 

80 

Vc 

temp, 

F 

20 

.30B3 

_ 

_ 

_ 

_ 

_ 

— 

— 

_ 

.3064 

2.9 

30 

.3133 

.3064 

.2993 

— 

— 

— 

— 

— 

— 

.2975 

22.3 

40 

.3177 

.3112 

.3043 

.2965 

— 



— 

— 

.2901 

36.6 

50 

.3210 

.3145 

.3079 

.3002 

.2911 

— 

— 

— 

— 

.2826 

48.4 

50 

.3239 

.3176 

.3109 

.3033 

.2943 

.2846 

— 

— 

— 

.2760 

58.6 

70 

.3255 

.3202 

.3136 

.3061 

.2971 

.2877 

.2778 

— 

- 

.2704 

67.2 

BO 

.32B3 

.3222 

.3154 

.3079 

.2994 

.2903 

.2805 

.2701 

— 

.2634 

76.1 

90 

.3297 

.323B 

.3170 

.3095 

.3011 

.2921 

.2824 

.2719 

.2607 

.2581 

82.2 

100 

.3303 

.324B 

.3181 

.3107 

.3023 

.2933 

.2835 

.2731 

.2617 

.2505 

88.7 


will be in oonduit. If Tie <1200, the flow 
is always viscous; this flow is characterized 
by the fact that the fluid particles move 
past each other in parallel lines without 
mixing. The velocity distribution over the 
cross section depends on tlie shape of the 
conduit. 

In round pipes viscous flow is coexistent 
with a parabolic velocity distribution over 
the cross section. The maximum velocity in 
the pipe center is twice the average veloc¬ 
ity expressed as v=^Q"/A. Right at the 
pipe surface the velocity is nil, but at that 
y)oint the velocity gradient {dv/dx) has its 
maximum value of ^v/D. The force re¬ 
quired to move the contents of an l-ft 
long straight pipe against this fluid friction 
at the wall is 

^P-A = U l v'’ idv/dx) = ^TT-n'vl lb (25) 

with AP as the pressure drop in psf over 
the I ft of pipe and {dv/dx) = Hv/D right at 
the inside surface. 


With the pipe diameter in inches, the 
viscosity in poises, and the flow in gpm 
or cfm, we find the pressure drop for I = 100 
ft in psi as 


Ap'b=- 


6.68t;t7 2.73f;77 20.42Q'r7 


d* 


d* 


psi (26) 


or in ft of the fluid flowing 

15.42^1^ H.SGp 47.11QV 
h .- - - — ft (27) 

where v=ri/3 is the kinematic viscosity of 
the fluid in stokes with t; and s for the con¬ 
dition existing at the flow. 

(If the viscosity is taken in centipoises 
( 7/8 = 1007 ;), or in centistokes (j'r = 100j'). 
Equations (26) and (27) must be divided 
by 100.) 

Equation (27) is used with some modi¬ 
fications for determining v, the kinematic 
viscosity of fluids. The most common 
method for this determination is to meas- 


Table 5. Viscosity of Liquid Sulfur Dioxide, Centipoises ( 17 c) 


Pressure, 

psia 

Temperature, F 

Saturated liquid 

0 

10 

20 

30 

40 

50 

60 

70 

Vc 

temp, F 

10 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

.4790 

-1.34 

20 

.4840 

.4544 

.4232 

— 


.. . 



.4013 

26.44 

30 

.4921 

.4629 

.4324 

.4003 

— 

— 


— 

.3470 

44.75 

40 

.4980 

.4695 

.4393 

,4074 

.3735 

.3366 

— 

— 

.3040 

58.33 

5o 

.5028 

.4747 

.4451 

.4134 

.3792 

.3431 

.3050 

.2665 

.2548 

70.40 

60 

.5065 

.4794 

.4499 

.4184 

.3841 

.3484 

.3108 

.2731 

— 

— 


.5099 

.4834 

.4541 

.4225 

.3885 

.3529 

.3159 

.2789 



80 

.5125 

.4868 

.4577 

.4261 

.3921 

.3564 

.3198 

.2835 



90 

.5147 

.4894 

.4609 

.4292 

.3950 

.3595 

.3233 

.2874 



100 

.5165 

.4917 

.4634 

.4319 

.3975 

.3621 

.3265 

.2909 



110 

.5180 

.4937 

.4655 

.4340 

.3997 

.3643 

.3293 

.2940 
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Table 6. Viscosity of Refrigerants in Centipoises (t;,) 


rc 

1 NH, 

n 

p 

1 

1 

i 

1 so. 

Bu- 

tana 

Pro¬ 

pane 

Ethane 

Ethyl¬ 

ene 


Liq¬ 

uid 

Bt 

ps 

1 Vapor 

Liq¬ 

uid 

at 

pa 

1 V.iK.r j 

Liq¬ 

uid 

at 

pa 

1 Vapor 

Vapor at 1 atm 

at 1 
atm 

a 

pa 

at 1 
atm 

at 

pa 

at 1 
atm 

at 

pa 

-60 

.3B0 

.0071 



.0108 








.00735 

-60 

-40 

.275 

.0078 



.0118 








.00805 

-40 

-ZO 

.255 

.0086 

.0109 

.120 

.0128 


.465 


.0106 




.00875 

-20 

-10 

.245 


.0113 

.111 


.0167 

.412 


.0113 





-10 

0 

.240 

.0093 

.0118 

.087 

.0138 

.0174 

.368 

.0116 

.0123 

.0069 

.0075 

.0086 

.00940 

D 

-1-10 

.230 


.0124 

.071 


.0183 

.333 


.0135 





-1-10 

20 

.220 

.0100 

.0129 

.048 

.0148 

.0203 

.304 

.0126 

.0151 

.0074 

.0081 

.0092 

.01005 

20 

30 




.032 


.0235 

.279 


.0169 





30 

50 


.0111 



.0162 



.0140 


.0082 

.0088 

.0101 

.01100 

5d 

lOO 


.0130 



.0185 



.0163 


.0095 

.0101 

.0115 

.01260 

100 

150 


.0148 



.0208 



.0186 


.0110 

.0113 

.0128 

.01400 

150 

200 


.0166 



.0229 



.0207 



.0125 

.0142 

.0154 

200 

250 


.0184 



.0249 



.0227 



.0136 

.0154 

.0166 

250 

300 


.0202 



.0268 



.0246 



.0144 



300 


Diita from Henning, Wurmctechniache Richtwerte. VDI—1938. 


Table 7. Kinematic Viscosity of Water {vc in centistokes) 


F 

Vc 

1. F 

V,: 

t. F 

Vt 

t. F 


32 

1.794 

80 

.865 

130 

.517 

IBO 

.357 

40 

1.546 

90 

.768 

140 

.478 

190 

.336 

50 

1.310 

100 

.687 

150 

.441 

200 

.316 

60 

1.130 

no 

.622 

160 

.410 

210 

.299 

70 

.984 

120 

.565 

170 

.383 

220 

.283 


Data from ^mithaom'an tablea. 


lire the time (0 as the number of seconds 
required a fixed volume of the fluid to 
pass by gravity through a capillary of 
strictly fixed dimensions. The time, found 
with the Saybolt universal viscometer, is 
expressed as "Universal Saybolt seconds." 
Tlie relation between this time and the 
kinematic viscosity in centistokes is 

u,.. = -nc/^ = ^0.220<-centistokes (28) 

(For = the kinematic viscosity of 
water at G8.4 F, the Saybolt time is 31 
seconds.) 

From the discussion above, it becomes 
apparent that citing viscosity data with¬ 
out the corresponding temperatures is 
meaningless. 


most with the square of the velocity as 
compared to the linear increase during 
viscous flow. 

The basic relation for the head loss from 
frictional resistance is Darcy’s equation 

V = i J/TO' (^) ft (29) 


which gives the head loss as a multiple of 
the velocity head in feet of the fluid flow¬ 
ing. In this equation, f is the general fric¬ 
tion factor (for any type of conduit), and 
m' ={A/U) is the hydraulic radius in ft 
for the conduit in question. 

For round pipes m' = Df^. Thus f/m' 
= ^ill) =JID and we get 


h' 


I 

D 



(30) 


Turbulent Flow and Reynolds 
Number {R?) 

6 . Liquids. Whenever the Reynolds 
number /?e>2500, tlie flow will be turbu¬ 
lent; tlie frictional resistance increases al¬ 


which is called Fanning’s equation, and is 
useful only for round pipes with / = 4f as 
the friction factor. 

It is customary to write up the friction 
loss equation for i = 100 ft of actual of 
equivalent length of pipe. With the hy- 
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draulic radius as m={Ai/lJi) in inches, 
and the diameter also in inches, by com¬ 
bining all constants into one factor we get 

;i'„ = 18.63 (f/m) i;= = 18.63 (//d) ■ u® ft (31) 


ber, diameter, roughness and friction fac¬ 
tor b}'' means of the Colebrook function. 




\3.7 R 


^.51 \ 
Ry/j) 


or 

Ap% = 8.075s ■ (£/m) ■ 

= 8.075s ■ (//d) ■ psi 

When selecting a proper value for the 
friction factor, care must be taken to de¬ 
termine whether it is a f value or an/ = 4^ 
value, and to use the proper equation. 

With the flow in gpm, cfm, or in Ib/min, 
we can modify Fanning’s equation for 
f = 100 ft of round pipe into 

(?* ( Q ')2 

/I'n = 3.11/• -- = 174/ ■ ^ ft (33) 
a“ ir 


Ap\ = 1.35/.S■ -- =75.4/.s'■ psi (34) 
(V ri® 


= (3.,) 

yd^ 100 Sfi® 


By coordinating the results of a great 
many tests of turbulent flow, it has been 
found that the friction fa ctor can be plotted 
as a function of the Re 3 molds number Re. 
It is usually plotted on a logarithmic scale. 

McAdams gives sueli a ])Iot; the lower 
line is for drawn, smooth tubes, whereas 
tlic iipiier line gives good average values 
for standard commercial steel pipes. 

This empirical £=/(/*'e) relation can be 
expressed also by sin equixtion; the values 
for smooth tubes follow tiic equation 

1000^ = 1.4 + 125//2e““ 
whereas those for standard steel pipes are 
1000^=3.07+188.6/fec" 

Kemler and Pigott have also anal^’^zed a 
great number of tests and segregated the 
friction factor data into different pipe 
diameter groups, whicli they plotted sepa¬ 
rately against Re, the Reynolds number. 
These plots reflect the influence of the rela¬ 
tive roughness of tlie pipe on the magni¬ 
tude of the friction factor. 

Moody has correlated Reynolds nuin- 


■ These nre f values; mulliply by four to gel / values. 


where e is a factor, expressed in feet, 
representative of the roughness of the 
pipe, which for an,y t.ype of pipe is con¬ 
stant irrespective of diameter. Stickney 
has expressed this in chart form. Fig. 1, in 
which read from diameter at the top, down 
to type of pipe, across to Re, and inter¬ 
polate for/. Note that/ = 4f. 

When figuring a case of pipe friction loss, 
one must know the numerical magnitude of 
all the variables given in the equations. 
With these figures known, one first calcu¬ 
lates the Reynolds number Re pertaining 
to the specific case. This value of Re not 
only determines the magnitude of the fric¬ 
tion factor, but it is also the criterion of 
what type of flow will exist. If ii!e<1200, 
the flow is definitely viscous; if file>2500, 
it will be turbulent. For Re values in be¬ 
tween, the flow is uncertain. 

While the above equations serve pri¬ 
marily for finding the friction loss in turbu¬ 
lent flow, they can be used also for viscous 
flow simply by substituting f = 1C//fB, or 
/= M/Re. 

The Re.ynolds number, which obviously 
plays an important role, can be expressed 
in different waj^s. Its basic form is given 
by Equations (22) and (22a); other forms 
are (with rj in poises and v=(r]/s) in 
stokes) 


dvy dv 

Rc = l.2i — = 77.42 — 

TJ P 


(36) 


and with the flow in gpm, cfm or Ib/inin, 

Gy G 

/lie =0.5066 ^- = 31.62 --- 

d - Tj d - V 


Q'y 

/ep=3.79 '^^-^ = 236.5 

d ■ Tf 


q;_ 

~dp 


(37) 


/ee=3.79 


W' 

d ■ T] 


(If the viscosity is taken in centipoises 
(7/c = 1007/) or in centistokes ( 1^6 = 1001 /), 
then Equations (36) and (37) must be 
multiplied by 100 to get Re correctly.) 

For **not-round” ducts, we substitute in 
Equation (36), but not in Equation (37). 
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REYNOLD'S NUMBER-R. 


/ -FRICTION FACTOR p ■ = 774QiV . 3lg2 _G_ V-FLUID VELOCITY fr/MC 

^ V y. fy, d--PIPE DIAMETER indm 

— - RELATIVE ROUGHNESS D ■ " " foal 

^ e AND D IN SAME UNITS (Inchaa,rail) V'-NINEMATIC VISCOSITY aAft/iac 

r -ABSOLUTE ROUGHNESS V" ' ' CanHaluha 

D - PIPE DIAMETER G « GALLONS PER MINUTE 


Fig. 1. Friction Factors 
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the diameter with its equivalent in terms 
of hydraulic radius: d "(Ai/l/t), with 
the velocity figured according to Equation 
(1). 

For annular cross sections (double-pipe 
heat exchangers) with di 

the inside diameter of the outside pipe 
anil di the outside diameter of the inside 
pipe in inches. 

Gases and vapors. All our forinulae for 
friction loss hold good to a limited degree 
also for gas and vapor lines, jirovided the 
pressure drop is less than 10 % of the initial 
absolute pressure. Most friction loss prob¬ 
lems encountered by the refrigerating engi¬ 
neer in connection with gas and vapor lines 
fall well within this restriction, and thus 
can be handled with the simple equations 
for liquids. However, for easier handling 
one may substitute 7 = 1 / F 


[Q'Y 

Ap'„ = .l294/ —= 1.208/-^^~;- 


=1.208/• 


v-{W'y 


(38) 


psi 


for ^ = 100 ft of pipe, with F = 1/7 as the 
specific gas volume in cu ft/lb (for the pi 
starting pressure). 

If greater accuracy is desired, one may 


first figure a preliminary Ap' value, and 
then with this calculate the correction 
factor (1 -|-Ap '/2 - Pi) as a multiplier for the 
erstwhile Ap'. 

The friction factor/ in Equation (38) is 
a function of the Reynolds number Re. 
McAdams and Sherwood found that for 
air, gas, and steam flow one may write 

/ = 4£=0.021G-hl86/f2e (39) 

with Re as per any of its equations. 

However, for gas flow the most con¬ 
venient procedure is to express /i*e with 
the flow as W' in Ib/min. Since for gases 17 
varies only with the temperature, Re and 
/ also remain constant during the flow, if 
the temperature stays constant. Both the 
velocity and gas density change during 
the flow, but in such a manner that 
v-j=v/V remains constant. 

In his many tests with air, gas, and 
saturated and superheated steam, Fritzsche 
found that the friction factor/, primarily a 
function of the fluid weight passing through 
the pipe, depends only slightly on the 
diameter. His test results can be expressed 
as 


3.30 3.45 

(Vn” 100 (WO 


(40) 



^ CaCl, 


Fig. 2. DiBgram of ViscoBity VbIubb gf Calcium Chlgride Brine 
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Fig. 3. Viscosity and Density of Sodium Chloride 


The left side of Equation (40) is the orig¬ 
inal equation, while the right side is a 
simplification; since fi ““7 varies only 
slightly with d, an average value, say 
5 M7 = 1.0444, can be substituted for it, re¬ 
sulting in 3.45, as shown above. This equa¬ 
tion of Fritzsche, which may be used verv 
conveniently, gives / values close to those 
found in Equation (39). 

Miscellaneous Losses 

7. Losses due to obstructions in the line. 
Elbows, fittings, and valves in the line 
disturb the flow pattern, causing an addi¬ 
tional head loss, which can be expressed 
either by a resistance factor h (giving this 
head loss as a multiple of the velocity head: 
k' —k{v^/2g)ii)j or by an equivalent length 
of pipe (Ze) of the same diameter, which 
may be added to the actual pipe length 
when figuring the total friction loss. 

The Crane Company, in its “Flow of 
Fluids,” has published a nomogram (Fig. 
6) which gives the equivalent length for 
almost any available fitting. 

The resistance of bends and welding el¬ 
bows is less than that of screw elbows, de¬ 
pending on the {R/d) relative radius of the 
bend; 90° bends show a minimum of re¬ 
sistance, when {R/d) is around 3. The 
equivalent length for 90° bends, expressed 
in pipe diameters, are given in the Tube- 
Turns^^ catalog as follows: 


R/d I, (ill. iliaiii) 


.5 

40 

1.0 

18.5 

1.5 

12.2 

2 

10 

2.5 

9.2 

3 

9 

3.5 

9.2 

4 

10 

4.5 

11 


For 45“ bends take 64% and for IS0“ 
bends 134% of the given U values. 

The resistance of single-weld mitre 
bends varies with 5, the angle of the 
deviation. According to Kirchbach (Hutte: 
26th ed): 

5 22.5“ 30“ 45“ 60“ 90“ 

k .11 .17 .32 .68 1.27 

Where k is a multiplying factor of v^/2g. 

Entrance loss. Whenever a fluid enters a 
pipe and the jet suffers a contraction at the 
entrance, there will be a loss of head. The 
jet is first speeded up to the greater veloc¬ 
ity Vo in the vena contracta, from which it 
slows down again to the lesser velocity v in 
the pipe; during this slowdown the kinetic 
energy of the jet is never fully reconverted 
into static head (pressure), since part of it 
is lost in impact, turbulence and eddies. 

The head consumed in the speed-up 
process is ho^Vo^/2g •v^/2g ft, of 

which v^/2g remains in the fluid and 
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Fig. 4. Viscosity of Various Liiiuids'^^ 


Acetic Acid lOD % 

Acetic Acid 70 % 

Acetone 

Allyl Alcohol 

Ammonia 

Aniline 

Benzene 

Butvl Alcohol 

Caroon Dioxide 

Carbon Disulfide 

Carbon Tetrachloride 

Chlorbenzene 

Chloroform 

Ether 

Ethyl Alcohol 100% 
Ethyl Alcohol 40 % 
Ethyl Acetate 
Eihylene Chloride 
Ethylene Glycol 
Glycerol 100% 
Glycerol 50 % 
Heptane 
Hexane (N) 

Mercury 

Methyl Alcohol 100 

Methyl Alcohol 90 % 

Methyl Alcohol 30 % 

Methyl Acetate 

Naphthalene 

Nitrobenzene 

Octane 

Pentane 

Phenol 

Sulfur Dioxide 
Sulfuric Acid 111 % 
Sulfuric Acid 9B "/i, 
Sulfuric Acid 60 % 
Toluene 
Turpentine 
Water 



1 - 0 , 
li—NO 
:i—CO, 

4—HC;i 
.■i—Air 
li—N, 

7-~SO, 

H—Cli. 

ID—NH, 

11 — n.H, 

12— H: 

13— C.H. 

14— !)H, + 1N, 

15— 3U,+1N. 

l(i—CO 

17—Cl, 


Fig. 5. ViBCositj of &g605 at Atmospheric Pressure' 
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Globe Valve, Open, 



Angle Valve, Open ‘ 



CloK Return Bend' 


. Standard Tec ' 
Through Side Outlet 




Standard Elbow or run of| 
Tee reduced 




Medium Sweep Elbow or_ 
run of Tee reduced ^ 


© 



Example: The dotted line shows that 
the resistance of a b-inch Standard tl- 
how is equivalent in approximately ib 
fm of 6-inch Standard Pipe 

Note: For sudden enlargements or sud¬ 
den contractions, use the smaller diame¬ 
ter. d. on the pipe size scale. 


. Gate Valve 
Closed 

- Vt Closed 

-M Closed 

— Fully Open 

Standard Tec 

Square Elbow 


Borda Entrance _ en ^ 

/ ■ 

-ezQ- I 

-20 I 

Sudden Enlargement'— ^ 

I—‘•/d-M ■ i 

-'*/D-V4 -10 t 

-d/D-% = E 


i4V4— 

S 4- 


^ Ordinary Entrance 

- |--D d 4 — 

Sudden Coniraclion 

-d/D-V4 

^d/D-Vi 
—«*/d -?4 


Long Sweep Elbow or 
run of Standard Tee 


Elbow 


Copyrighl by Crane Co. 


Fig. 6. Resistance of Valves and Fittings to Flow of Fluids 


Iniidc Diameter, Inches 
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k'V^/2g is lost. The greater the contraction 
of the jet, the larger is k. 

If the pipe inlet is flush with the face of 
the wall and well rounded, there will he 
no contraction, and thus no entrance loss: 
A:=.0() or less anrl covers only the friction 
loss proi)er. If the [)ii)e edge is only slightly 
rounded, k — and if tlie edge is a sharp 

00°, then A: = 0.50. 

If the pipe protrudes beyond the face of 
the wall (Bolda entrance), the contraction 
increases, and thus the k value is increased. 
For standard pipes with a sharp 90“ inside 
edge, ^* = 0.80. 

The so-called “reversal loss” in water- 
bf)xes of inultii)ass coolers and condensers 
is the same h\i=(\-\-k) ■ v'^/2g = h/ ft head 
loss foi each pass; the fluid must be rc- 
accelerated during its entrance to each 
successive pass. The Heat Exchange In¬ 
stitute has publislied data fur reversal 
losses wddeh follow the equation 

-I/' O ft (41) 

100 

for each joiss with v the velocity in the 
tubes ill fps. 

Loss from sudden enlargements. In this 
case the fluid jet, going from the smaller 
pipe with the velocity iq into the larger 
one, plunges into a turbulent mass of fluiil, 
from which it finally emerges with the 
velocity V‘i fixed by the flow and the pipe 
size. The loss of energy during this impact 
is expressed by the Borda-Carnot equation 
as 

// = (,,-,.)V2f/=^7l--)'ft 

2f/ \ Cl / 

To avoid liead loss in ])ipe transitions, they 


should be made as slender cones with an 
included angle of not more than 8° to 10° 
and with smooth joints. 

Loss from sudden contraction. This is 
essentially of tlie same nature as the en¬ 
trance loss. However, the fluid approaching 
the reduced inlet already has the velocity 
Vi. Thus the contraction at the new en¬ 
trance is less and k correspondingly less, the 
larger the velocity ratio V\/v 2 , with V 2 as the 
velocity in the following smaller pipe. 
O’Brien and Ilickox give the following 
data: 


Vi/v2 k 


0.1 

. 362 

0.2 

.338 

0.3 

.308 

0.4 

.267 

0.5 

.221 

0 .0 

.164 

0.7 

.105 

0.8 

.053 

0 .9 

.015 
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Table 1. Ammonia—Properties of Liquid and Saturated Vapor 


Temp 

PreHBure 

Liquid, 

density 

Vapor, 

Bp vol 

Enthal^, datum —40 F 
Btu per lb 

Entropy, datum —40 F 
Btu per lb F 

t 

pala 

pals 

Ib/cu It 

i/i)/ 

cu ft/lb 

Vg 

Liquid I 

hf 

Vapor 

hg 

Liquid 

V 

Vapor 

Sg 

- lOS 

1.00 

♦27.9 

45.71 

223.14 

-66.6 

569.1 

-0.1717 

1.6211 

-104 

1.04 

27.8 

45.67 

214.23 

-65.6 

569.6 

- .1689 

1.6174 

-103 

l.OB 

27.7 

45.63 

205.90 

-64.5 

570.1 

- .1661 

1.6136 

-102 

1.14 

27.7 

45.59 

197.70 

-63.5 

570.6 

- .1634 

1.6100 

-101 

1.19 

27.5 

45.55 

190.08 

-62.5 ' 

571.0 

- .1606 

1.6D62 

-100 

1.24 

*27.4 

45.51 

182.90 

-61.5 

571.4 

-0.1579 

1.6025 

- 99 

1.29 

27.3 

45.47 

175.42 

-60.5 

571.9 

- .1552 

1.5988 

- 9B 

1.35 

27.2 

45.43 

168.48 

-59.5 

572.3 

- .1525 

1.5952 

- 97 

1.41 

27.0 

45.40 

161.98 

-58.5 

572.7 

- .1498 

1.5915 

- 96 

1.47 

26.9 

45.36 

155.92 

-57.5 

573.2 

- .1471 

1.5878 

- 95 

1.52 

♦26.8 

45.32 

150.30 

-56.5 

573.6 

-0.1444 

1.5842 

- 94 

1.59 

26.7 

45.28 

144.68 

-55.5 

574.1 

- .1417 

1.5806 

- 93 

1.66 

26.5 

45.24 

139.27 

-54.5 

574.5 

- .1390 

1.5771 

- 9Z 

1.73 

26.4 

45.20 

134.06 

-53.4 

.575.0 

- .1363 

1.5736 

- 91 

1.79 

26.2 

45.16 

129.06 

-52.4 

575.5 

- .1336 

1.5702 

- 90 

1.86 

+26.1 

45.12 

124.28 

-51.4 

575.9 

-D.13D9 

1.5667 

- 89 

1.94 

26.0 

45.08 

119.75 

-50.4 

576.3 

- .1281 

1.5634 

- BB 

2.02 

25.8 

45.04 

115.37 

-49.4 

576.7 

- .1254 

1,5600 

- 87 

2.11 

25.6 

45.00 

111.31 

-48.4 

577.2 

- .1227 

1.5566 

- 86 

2.18 

25.5 

44.96 

107.39 

-47.4 

577.6 

- .1199 

1.5533 

- 85 

2.27 

+25.3 

44.92 

103.63 

-46.4 

578.0 

-0.1171 

1.5499 

-. 84 

2.36 

25.1 

44.88 

99.87 

-45.4 

578.4 

- .1144 

1.5466 

- 83 

2.46 

24.9 

44.84 

96.28 

-44.3 

578.9 

- .1117 

1.5433 

- B2 

2.55 

24.7 

44.80 

92.86 

-43.3 

579.3 

- .1090 

1.5401 

- B1 

2.65 

24.5 

44.76 

89.65 

-42.3 

579.7 

- .1063 

1.5368 

- BO 

2.74 

•24.3 

44.73 

86.54 

-41.3 

580,1 

-0.1036 

1.5336 

- 79 

2.85 

24.1 

44.68 

83.50 

-40.3 

580.5 

- .1009 

1.5304 

- 7B 

2.96 

23.9 

44.64 

80.61 

-39.2 

581.0 

- .0983 

1.5273 

- 77 

3.07 

23.6 

44.60 

77.90 

-38.2 

581.4 

- .0956 

1.5241 

- 76 

3.19 

23.4 

44.56 

75.30 

-37.2 

581.B 

- .0930 

1.5210 

- 75 

3.30 

+23.2 

44.52 

72.80 

-36.2 

582.2 

-0.0903 

1.5178 

- 74 

3.43 

22.9 

44.48 

70.35 

-35.2 

582.7 

- .0877 

1.5148 

- 73 

3.56 

22.7 

44.44 

68.01 

-34.2 

583.1 

- .0800 

1.5117 

- 72 

3.69 

22.4 

44.40 

65.78 

-33.1 

583.6 

- .0824 

1.5087 

- 71 

3.82 

22.2 

44.36 

63.70 

-32.1 

584.0 

- .0797 

1.5056 

. 70 

3.94 

*21.9 

44.32 

61.6S 

-31.1 

584.4 

-0.0771 

1.5026 

- 69 

4.09 

21.6 

44.28 

59.60 

-30.1 

584.8 

- .0745 

1.4997 

- 6B 

4.24 

21.3 

44.24 

57.64 

-29.4 

585.3 

- .0719 

1.4969 

- 67 

4.39 

21.0 

44.19 

55.78 

-28.0 

585.8 

- .0694 

1.4940 

- 66 

4.54 

20.7 

44.15 

54.01 

-27.0 

586.2 

- .0668 

1.4911 

-- 65 

4.69 

+20.4 

44.11 

52.34 

-26.0 

586.6 

-0.0642 

1.4833 

- 64 

4.86 

20.1 

44.07 

50.79 

-25.0 

587.0 

- .0616 

1.4856 

- 63 

5.03 

19.6 

44.03 

49.26 

-23.9 

587.5 

- .0590 

1.4829 

- 62 

5.20 

19.3 

43.99 

47.74 

-22.9 

588.0 

- .0565 

1.4802 

- 61 

5.38 

18.9 

43.95 

46.23 

-21.9 

588.4 

- .0539 

1.4774 

- 60 

5.55 

♦18.6 

43.91 

44.73 

-20.9 

588.8 

-0.0514 

1.4747 

- 59 

5.74 

18.2 

43.87 

43.37 

-19.8 

589.3 

- .0487 

1.4720 

- 58 

5.93 

17.8 

43.83 

42.05 

-IB.8 

589.7 

- .0460 

1.4694 

- 57 

6.13 

17.4 

43.78 

40.79 

-17.8 

590.2 

i - .0434 

1.4667 

- 56 

6.33 

17.0 

43.74 

39.56 

-16.7 

590.6 

! - .0407 

1.4640 

- 55 

6.54 

♦16.6 

43.70 

38.38 

-15.7 

591.0 

■ -0.0381 

1.4614 

- 54 

6.75 

16.2 

43.66 

37.24 

-14.6 

591.5 

- .0355 

1.4588 

- 53 

. 6.97 

15.7 

43.62 

36.15 

-13.6 

591.9 

- .0330 

1.4563 

- 52 

7.20 

15.3 

43.58 

35.09 

-12.6 

592.3 

- .0305 

1.4537 

- 51 

7.43 

14.8 

43.54 

34.06 

-11.5 

592.8 

- .0279 

1.4513 


* Inchea of morciiry beluw one atanilanl atmosphcrs (2D.02 in.). 



























































































































































































































































Chut 2. Amiminia (Butmo of SuiidanU) 





































































































































































































































7. REFRIGERANT TABLES AND CHARTS 


ill 


Table 1. Ammonia—Properties of Liquid and Saturated Vapor (Continued) 


Temp 

F 

t 

PreBBure 

Liquid, 

deoBity 

Vapor, 

Bp vol 

Enthal^, datum —40 F| 
Btu per lb 1 

Entropy, datum — 40 F 
Btu per lb F 

psiB 

psiK 

Ib/cu ft 

llVf 

cu ft/lb 

Liquid 

V 

Vapor 

hg 

Liquid 

■/ 

Vapor 

Bg 

- 50 

7.67 

*14.3 

43.49 

33.08 

-10.5 

593.2 

-0.0254 

1.44B7 

- 4fJ 

7.91 

13.8 

43.45 

32.12 

- 9.4 

593.7 

- .0229 

1.4463 

- 4B 

8.16 

13.3 

43.41 

31.2D 

- 8.4 

594.2 

- .0203 

1.443B 

- 47 

8.42 

12.8 

43.37 

30.31 

- 7.3 

594.6 

- .0178 

1.4413 

- 46 

8.68 

12.2 

43.33 

29.45 

- 6.3 

595.0 

- .0153 

1.438B 

- 45 

8.95 

♦11.7 

43.28 

28.62 

- 5.3 

595.4 

-0.0128 

1.4363 

- 44 

9.23 

11.1 

43.24 

27.82 

- 4.3 

595.9 

- .0102 

1.4338 

- 43 

9.51 

10.6 

43.20 

27.04 

- 3.2 

596.4 

- .0076 

1.4314 

- 42 

9.81 

ID.D 

43.16 

26.29 

- 2.1 

596.B 

- .0051 

1.4290 

- 41 

10.10 

9.3 

43.12 

25.56 

- 1.1 

597.2 

- .0025 

1.4266 

- 40 

10.41 

*8.7 

43.08 

24.86 

O.O 

597.6 

0.0000 

1.4242 

- 39 

10.72 

8.1 

43.04 

24.18 

1.1 

598.0 

.0025 

1.4217 

- 38 

11.04 

7.4 

42.99 

23.53 

2.1 

598.3 

.0051 

1.4193 

- 37 

11.37 

6.8 

42.95 

22.89 

3.2 

598.7 

.0076 

1.4169 

- 36 

11.71 

6.1 

42.90 

22.27 

4.3 

599.1 

.0101 

1.4144 

- 35 

12.05 

*5.4 

42.86 

21.68 

5.3 

599.5 

0.0126 

1.4120 

- 34 

12.41 

4.7 

42.82 

21.10 

6.4 

599.9 

.0151 

1.4096 

- 33 

12.77 

3.9 

42.78 

20.54 

7.4 

600.2 

.0176 

1.4072 

- 32 

13.14 

3.2 

42.73 

20.00 

8.5 

600.6 

.0201 

1.4048 

- 31 

13.52 

2.4 

42.69 

19.48 

9.6 

601.0 

.0226 

1.4025 

- 30 

13.90 

*1.6 

42.65 

18.97 

10.7 

601.4 

0.0250 

1.4001 

- 29 

14.30 

0.8 

42.61 

18.48 

11.7 

601.7 

.0275 

1.3978 

- 28 

14.71 

0.0 

42.57 

18.00 

12. B 

602 1 

.0300 

1.3955 

- 27 

15.12 

0.4 

42.54 

17.54 

13.9 

602.5 

.0325 

1.3932 

- 26 

15.55 

0.8 

42.48 

17.09 

14.9 

602.8 

.0350 

1.3909 

- 25 

15.98 

1.3 

42.44 

16.66 

16.0 

603.2 

0.0374 

1.3B86 

- 25 

16.42 

1.7 

42.40 

16.24 

17.1 

603.6 

.0399 

1.3863 

23 

16.88 

2.2 

42.35 

15.83 

18.1 

603.9 

.0423 

1.3840 

- 22 

17.34 

2.6 

42.31 

15.43 

19.2 

604.3 

.048B 

1.3818 

- 21 

17.81 

3.1 

42.26 

15.05 

20.3 

604.6 

.0472 

1.3796 

- 20 

18.30 

3.6 

42,22 

14.68 

21.4 

605.0 

0.0497 

1.3774 

- 19 

18.79 

4.1 

42.18 

14.32 

22.4 

605.3 

.0521 

1.3752 

- 18 

19.30 

4.6 

42.13 

13.97 

23.5 

605.7 

.0545 

1.3729 * 

- 17 

19.81 

5.1 

42.09 

13.62 

24.6 

606.1 

.0570 

1.3708 

- 16 

20.34 

5.6 

42.04 

13.29 

25.6 

606.4 1 

.0594 

1.3686 

- 15 

20.88 

6.2 

42.00 

12.97 

26.7 

606.7 

0.0618 

1.3664 

- 14 

21.43 

6.7 

41.96 

12.66 

27.8 

607.1 

.0642 

1.3643 

- 13 

21.99 

7.8 

41.91 

12.36 

28.9 

607.5 

.0666 

1.3621 

- 12 

22.56 

7.9 

41.87 

12.06 

30.0 

607.8 

.0690 

1.3600 

- 11 

23.15 

8.5 

41.82 

11.78 

31.0 

608.1 

.0714 

1.3579 

- 10 

23.74 

9.0 

41.78 

11.50 

32.1 

608.5 

0.0738 

1.3558 

- 9 

24.35 

9.7 

41.74 

11.23 

33.2 

608.8 

.0762 

1.3537 

- 8 

24.97 

10.3 

41.69 

10.97 

34.3 

609.2 

.0768 

1.3516 

- 7 

25.61 

10.9 

41.65 

10.71 

35.4 

609.5 

.0809 

1.3495 

- 6 

26.26 

11.6 

41.60 

10.47 

36.4 

609.8 

.0833 

1.3474 

- 5 

26.92 

12.2 

41.56 

10.23 

37.5 

610.1 

D.DB57 

1.3454 

- 4 

27.59 

12.9 

41.52 

9.991 

38.6 

610.5 

.0880 

1.3433 

- 3 

28.28 

13.6 

41.47 

9.763 

39.7 

610.8 

.0904 

1.3413 

- 2 

28.98 

14.3 

41 .43 

9.541 

40.7 

611.1 

.0928 

1.3393 

- 1 

29.69 

15.0 

41.38 

9.326 

14.8 

611.4 

.0951 

1.3372 

0 

30.42 

15.7 

41.34 

9.116 

42.9 

611.B 

0.0975 

1.3352 

1 

31.16 

16.5 

41.29 

8.912 

44.0 

612.1 

0.099B 

1.3332 

2 

31.92 

17.2 

41.25 

8.714 

45.1 

612.4 

.1022 

1.3312 

3 

32.69 

18.0 

41.20 

8.521 

46.2 

612.7 

.1045 

1.3292 

4 

33.47 

18.8 

41.16 

8.333 

47.2 

613.0 

.1069 

1.3273 

5 

34.27 

19.6 

41.11 

8.150 

48.3 

613.3 

.1092 

1.3253 

6 

35.09 

20.4 

41.07 

7.971 

49.4 

613.6 

0.1115 

1.3234 

7 

35.92 

21.2 

41.01 

7.798 

50.5 

613.9 

.1138 

1.3214 

8 

36.77 

22.1 

40.98 

8.629 

51.6 

614.3 

.1162 

1.3195 

9 

37.63 

22.9 

40.93 

7.464 

52.7 

614.6 

.1185 

1.3176 

10 

38.51 

23.8 

40.89 

7.304 

53.8 

614.9 

.1208 

1.3157 

11 

39.40 

24.7 

40.84 

7.148 

54.9 

615.2 

0.1231 

1.3137 

12 

40.31 

25.6 

40.80 

6.996 

56.0 

615.5 

.1254 

1.3118 

13 

41.24 

26.5 

40.75 

6.847 

57.1 

615.B 

.1277 

1.3099 

14 

42.18 

27.5 

40.71 

6.703 

58.2 

616.1 

.1300 

1.3081 

15 

43.14 

28.4 

40.66 

6.562 

59.2 

616.3 

.1323 

1.3062 


iDchoB of mercury below ono ebandard atmosphere (20.92 in.). 
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PART II. TABLES 


Table 1. Ammonia—Properties of Liquid and Saturated Vapor (Continued) 


Temp 1 
' 1 

Pressure 

Liquid, 

density 

1? 

Enthalpy, datum —40 F 
Btu per lb 

1 Entropy, datum —40 F 

1 Btu per lb P 

psis 

PBIK 

Ib/cu ft 
ihf 

cu ft/lb 

v„ 

Liquid 

hf 

Vapor 

hg 

Liquid 

V 

Vapor 

■a 

Id 

44.12 

29.4 

40.61 

6.425 

60.3 

616.6 

0.1346 

1.3043 

17 

45.12 

30.4 

40.57 

6.291 

61.4 

616.9 

.1369 

1.3025 

IB 

46.13 

31.4 

40.52 

6.161 

62.5 

617.2 

.1392 

1.3006 

19 

47.16 

32.5 

40.48 

6.034 

63.6 

617.5 

.1415 

1.Z9B8 

20 

4B.21 

33.5 

40.43 

5.910 

64.7 

617.B 

.1437 

1.2969 

21 

49.2B 

34.6 

40.3B 

5.789 

65.B 

61B.0 

0.1460 

1.2951 

22 

50.36 

35.7 

40.34 

5.671 

66.9 

618.3 

.1483 

1.2933 

23 

51.47 

36.B 

40.29 

5.556 

68.D 

61B.6 

.1505 

1.2951 

24 

52.59 

37.9 

40.25 

5.443 

69.1 

61B.9 

.152B 

1.2B97 

25 

53.7B 

39.0 

40.20 

5.334 

70.2 

619.1 

.1551 

1.2B79 

26 

54.90 

40.2 

40.15 

5.227 

71.3 

619.4 

0.1573 

1.2B61 

27 

56. DB 

41.4 

40.10 

5.123 

72.4 

619.7 

.1596 

1.2B43 

2B 

57.2B 

42.6 

40.06 

5.021 

73.5 

619.9 

.1618 

1.2B25 

29 

5B.50 

43.B 

40.01 

4.922 

74.6 

620.2 

.1641 

1.2B0B 

30 

59.74 

45.0 

39.96 

4.825 

75.7 

620.5 

.1663 

1.2790 

31 

61.00 

46.3 

39.91 

4.730 

76.B 

620.7 

0.1686 

1.2773 

32 

62.29 

47.6 

39.B6 

4.637 

77.9 

621.0 

.1708 

1.2755 

33 

63.59 

43.9 

39.B2 

4.547 

79.0 

621.2 

.1730 

1.273B 

34 

64.91 

50.2 

39.77 

4.459 

BO.l 

621.5 

.1753 

1.2731 

35 

66.26 

52.6 

39.72 

4.373 

B1.2 

621.7 

.1775 

1.2704 

36 

67.63 

52.9 

39.67 

4.289 

82.3 

622.0 

0.1797 

1.26B6 

37 

69.02 

54.3 

39.63 

4.207 

83.4 

622.2 

.1819 

1.2669 

3B 

70.43 

55.7 

39.5B 

4.126 

84.6 

622.5 

.1841 

1.2652 

39 

71. B7 

57.2 

39.54 

4.048 

85.7 

622.7 

.1863 

1.2635 

40 

73.32 

5B.6 

39.49 

3.971 

86. B 

623.0 

.1885 

1.Z61B 

41 

74. BO 

60.1 

39.44 

3.B97 

87.9 

623.2 

0.19DB 

1.2602 

42 

76.31 

61.6 

39.39 

3.823 

B9.0 

623.4 

.1930 

1.25B5 

43 

77. B3 

63.1 

39.34 

3.752 

90.1 

623.7 

.1952 

1.256B 

44 

79.3B 

64.7 

39.29 

3.6B2 

91.2 

623.9 

.1974 

1.2552 

45 

BO. 96 

66.3 

39.24 

3.614 

92.3 

624.1 

.1996 

1.2535 

46 

B2.55 

67.9 

39.19 

3.547 

93.5 

624.4 

0.2018 

1.2519 

47 

B4.1B 

69.5 

39.14 

3.4B1 

94.6 

624.6 

.2040 

1.2502 

4B 

B5.B2 

71.1 

39.10 

3.418 

95.7 

624. B 

.2062 

1.Z4B6 

49 

87.49 

72, B 

39.05 

3.355 

96.8 

625.0 

.Z0B3 

1.2469 

50 

B9.19 

74.5 

39.00 

3.294 

97.9 

625.2 

.2105 

1.2453 

51 

90.91 

76.2 

3B.95 

3.234 

99.1 

625.5 

0.2127 

1.2437 

52 

92.66 

78.0 

3B.90 

3.176 

loo .2 

625.7 

.2149 

1.2421 

53 

94.43 

79.7 

3B.B5 

3.119 

101.3 

625.9 

. .2171 

1.2405 

54 

96.23 

ai.5 

38.80 

3.063 

102.4 

626.1 

.2192 

1.23B9 

55 

93.06 

B3,4 

38.75 

3.008 

103.5 

626.3 

.3214 

1.2373 

56 

99.91 

B5.2 

3B.70 

2.954 

104.7 

626.5 

0.2236 

1.2357 

57 

101.B 

87.1 

3B.65 

2.902 

105. B 

626.7 

.2257 

1.2341 

5B 

103.7 

B9.0 

38.60 

2.B51 

106.9 

626.9 

.2279 

1.2325 

59 

105.6 

90.9 

38.55 

2.800 

IDB.I 

627.1 

.2301 

1.2310 

60 

107.6 

92.9 

38.50 

2.751 

109.2 

627.3 

.2322 

1.2294 

61 

109.6 

94.9 

38.45 

2.703 

110.3 

627.5 

0.2344 

1.227B 

62 

111.6 

96.9 

38.40 

2.656 

111.5 

627.7 

.2365 

1.2262 

63 

113.6 

9B.9 

38.35 

2.610 

112.6 

627.9 

.2387 

1.2247 

64 

115.7 

101.0 

38.30 

2.565 

113.7 

628.0 

.2408 

1.2231 

65 

117.B 

103. L 

38.25 

2.520 

114.a 

628.2 

.2430 

1.2216 

66 

120.0 

105.3 

3B.20 

2.477 

116.0 

62B.4 

0.2451 

1.2201 

67 

122.1 

107.4 

3B.15 

2.435 

117.1 

628.6 

.2473 

1.21B6 

6B 

124.3 

109.6 

38.10 

2.393 

118.3 

62B.B 

.2494 

1.2170 

69 

126.5 

lll.B 

3B.05 

2.352 

119.4 

62B.9 

.2515 

1.2155 

70 

12B.B 

114.1 

3B.00 

2.312 

120.5 

629.1 

.2537 

1.2140 

71 

131.1 

116.4 

37.95 

2.273 

121.7 

629.3 

0.2558 

1.2125 

72 

133.4 

11B.7 

37.90 

2.235 

122.8 

629.4 

.2579 

1.2110 

73 

135.7 

121.0 

37.84 

2.197 

124.0 

629.6 

.2601 

1.2095 

74 

13B.1 

123.4 

37.79 

2.161 

125.1 

629. B 

.2622 

1.20B0 

75 

140.5 

125.8 

37.74 

2.125 

126.2 

629.9 

.2643 

1.2065 

76 

143.0 

12B.3 

37.69 

2.0B9 

127.4 

630.1 

0.2664 

1.2050 

77 

145.4 

130.7 

37.64 

2.055 

12B.5 

630.2 

.2685 

1.2035 

7B 

147.9 

133.2 

37.58 

2.021 

129.7 

630.4 

.2706 

1.2020 

70 

150.5 

135.8 

37.53 

1.98B 

130.B 

630.5 

.2728 

1.2006 

BO 

153.0 

13B.3 

37.48 

1.955 

132.0 

630.7 

.2749 

1.1991 
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Table 1. Ammonia—Properties of Liquid and Saturated Vapor (Concluded) 


Temp 

F 

1 

PreBB 

pBia 

ure 

Liquil, 

density 

Vapor, 

■p vol 

Enthalpy, datum — 40 F 
Btu per lb 

j Entrimy, datum —40 F 

1 Btu per lb F 

psiff 

Ib/cu ft 

J/Vf 

cu ft/lb 

Liquid 

h 

Vapor 

K 

Liquid 

Vapor 

B1 

155.6 

140.9 

37.43 

1.923 

133.1 

630.8 

0.2769 

1.1976 

B2 

158.3 

143.6 

37.37 

1.892 

134.3 

631.0 

.2791 

1.1962 

B3 

161.0 

146.3 

37.32 

1.861 

135.4 

631.1 

.2B12 

1.1947 

B4 

163.6 

149.0 

37.26 

I.B31 

136.6 

631.3 

.2B33 

1.1933 

B5 

166.4 

151.7 

37.21 

1.801 

137. B 

631.4 

.2854 

1.1918 

86 

169.2 

154.5 

37.16 

1.772 

138.9 

631.5 

0.2875 

1.1904 

87 

172.D 

157.3 

37.11 

1.744 

140.1 

631.7 

.2895 

1.1889 

BB 

174.8 

160.1 

37.05 

1.716 

141.2 

631.8 

.2917 

1.1875 

89 

177.7 

163.0 

37.00 

1.68B 

142.4 

631.9 

.2937 

1.1860 

90 

180.6 

165.9 

36.95 

1.661 

143.5 

632.0 

.2958 

1.1846 

91 

183.6 

168.9 

36.89 

1.635 

144.7 

632.1 

0.2979 

1.1B32 

92 

186.6 

171.9 

36.84 

1.609 

145.8 

632.3 

.3000 

I.IBIB 

93 

1B9.6 

174.9 

36.78 

1.584 

147.0 

632.3 

.3021 

1.1804 

94 

192.7 

178.0 

36.73 

1.559 

148.2 

632.5 

.3041 

1.1789 

95 

195.8 

181.1 

36.67 

1.534 

149.4 

632.6 

.3062 

1.1775 

96 

198.9 

184.2 

36.62 

1.510 

150.5 

632.6 

0.3083 

1.1761 

97 

202.1 

187.4 

36.56 

1.487 

151.7 

632.8 

.3104 

1.1747 

98 

205.3 

190.6 

36.51 

1.464 

152.9 

632.9 

.3125 

1.1733 

99 

2DB.6 

193.9 

36.45 

1.441 

154.0 

C-32.9 

.3145 

1.1719 

IDD 

211.9 

197.2 

36.40 

1.419 

155.2 

633.0 

.3166 

1.1705 

101 

215.2 

200.5 

36.34 

i 1.397 

156.4 

633.1 

0.3187 

1.1691 

102 

21B.6 

203.9 

36.29 

1.375 

157.6 

633.2 

.3207 

1.1677 

103 

222.0 

207.3 

36.23 

1 1.354 

158.7 

633.3 

.3228 

1.1663 

104 

224.4 

210.7 

36.18 

1 1.334 

159.9 

633.4 

.3248 

1.1649 

105 

22B.9 

214.2 

36.12 

1.313 

161.1 

633.4 

.3269 

1.1635 

106 

232.5 

217.8 

36.06 

1.293 

162.3 

633.5 

0.3289 

1.1621 

107 

236.0 

221.3 

36.01 

1.274 

163.5 

633.6 

.3310 

1.1607 

108 

239.7 

225.0 

35.95 

1.254 

164.6 

633.6 

.3330 

1.1593 

109 

243.3 

228.6 

35.90 

1.235 

165.8 

633.7 

.3351 

1.1580 

110 

247.0 

232.3 

35.84 

1.217 

167.0 

633.7 

.3372 

1.1566 

111 

250.8 

236.1 

35.78 

1.198 

168.2 

633.8 

0.3392 

1.1552 

112 

354.5 

239.8 

35.72 

1.180 

169.4 

633.8 

.3413 

1.1538 

113 

2SB.4 

243.7 

35.67 

1 1.163 

170.6 

633.9 

.3433 

1.1524 

114 

262.2 

247.5 

35.61 

1.145 

171.8 

633.9 

.3453 

1.1510 

115 

266.2 

251.5 

35.55 

1.128 

173.0 

633.9 

.3474 

1.1497 

116 

270.1 

255.4 

35.49 

1.112 

174.2 

634.0 

0.3495 

1.1483 

118 

274.1 

259.4 

35.43 

1.095 

175.4 

634.0 

.3515 

1.1469 

118 

278.2 

263.5 

35.38 

1.079 

176.6 

634.0 

.3515 

1.1455 

119 

282.3 

267.6 

35.32 

1.063 

177.8 

634.0 

.3556 

1.1441 

120 

286.4 

271.7 

35.26 

1.047 

179.0 

634.0 

.3576 

1.1427 

121 

290.6 

275.9 

35.20 

1.032 

180.2 

634.0 

0.3597 

1.1414 

122 

294.8 

280.1 

35.14 

1.017 

181.4 

634.0 

.3618 

1.1400 

123 

299.1 

284.4 

35.08 

1.002 

182.6 

634.0 

.3638 

1.1386 

124 

303.4 

288.7 

35.02 

0.987 

183.9 

634.0 

.3659 

1.1372 

125 

307.8 

293.1 

34.96 

0.973 

185.1 

634.0 

.3679 

1.1358 
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PART II. TABLES 


Table 2. Ammouia-^Speciflc Volume of Superheated Vapor (cu ft per lb) 


PreBBurs in psla Saturation temperature in italics, F 


Temp , 

F 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

‘5 1 

16 

17 

18 


- 53.11 

- 67.34 

- 52.88 

- 48.64 

- 44-38 

- 41.34 

- 38.14 

- 36.16 

- 32.37 

- 20.76 

- 27.20 

- 24.06 

- 22.73 

-20 61 

[at sa () 

msi ) 


[ 36 . 01 ) 

[ 31 . 70 ) 

[ 28 . 48 ) 

[ 26 . 81 ) 

[ 2 . 3 . 61 ) 

[ 21 . 77 ) 

[ 20 . 20 ) 

U 8 . S 6 ) 

[ 17 . 67 ) \ 

[ 16 . 64 ) 

[ 16 . 72 ) 

[ 14 . 00 ) 

-50 

51.05 

42.44 

36.29 

_ 

_ 

— 

— 

— 

— 

— 

— 

— 

— 

— 

-40 

52.36 

43.55 

37.25 

32.52 

28.85 

25.90 

— 

— 

— 

— 

— 

— 

— 

— 

-30 

53.67 

44.64 

38.19 

33.36 

29.59 

26.58 

24.12 

22.07 

20.33 

— 

— 

— 

— 

— 

-20 

54.97 

45.73 

39.13 

34.19 

30.34 

27.26 

24.74 

22.64 

20.86 

19.33 

18.01 

16.86 

15.83 

14.93 

-10 

56.26 

46.82 

40.07 

35.01 

31.07 

27.92 

25.35 

23.20 

21.38 

19.82 

18.47 

17.29 

16.24 

15.32 

0 

57.55 

47.90 

41.00 

35.83 

31.80 

28.58 

25.95 

23.75 

21.90 

20.30 

18.92 

17.72 

16.65 

15.70 

10 

5B . B4 

48.98 

41.93 

36.64 

32.53 

29.24 

26.55 

24.31 

22.41 

20.78 

19.37 

18.14 

17.05 

16.08 

ZD 

60.12 

50.05 

42.85 

37.45 

33.26 

29.90 

27.15 

24.86 

22.92 

21.26 

19.82 

18.56 

17.45 

16.46 

30 

61.41 

51.12 

43.77 

38.26 

33.98 

30.55 

27.74 

25.41 

23.43 

21.73 

20.26 

18.97 

17.84 

16 . B3 

40 

62.69 

52.19 

44.69 

39.07 

34.70 

31.20 

28.34 

25.95 

23.93 

22.20 

20.70 

19.39 

18.23 

17.20 

50 

63.96 

53.26 

45.61 

39.88 

35.42 

31.85 

28.93 

26.49 

24.43 

22.67 

21.14 

19.80 

18.62 

17.57 

ftO 

65.24 

54.32 

46.53 

40.68 

36.13 

32.49 

29,52 

27.03 

24.94 

23.14 

21.58 

20.21 

19.01 

17.94 

70 

66.51 

55.39 

47.44 

41.48 

36.85 

33.14 

30.10 

21 .SI 

25.43 

23.60 

22.01 

20.62 

19.39 

18.30 

BO 

67.79 

56.45 

48.36 

42.28 

37.56 

33.78 

30.69 

28.11 

25.93 

24.06 

22.44 

21.03 

19.78 

18.67 

90 

69.06 

57.51 

49.27 

43.08 

38.27 

34.42 

31.28 

28.65 

26.43 

24.53 

22.88 

21.43 

20.16 

19.03 

100 

70.33 

58.58 

50.18 

43.88 

38.98 

35.07 

31.86 

29.19 

26.93 

24.99 

23.31 

21.84 

20.54 

19.39 

no 

71.60 

59.64 

51.09 

44.68 

39.70 

35.71 

32.44 

29.72 

27.42 

25.45 

23.74 

22.24 

20.92 

19.75 

120 

72 . B7 

60.70 

52.00 

45.48 

40.40 

36.35 

33.03 

30.26 

27.92 

25.91 

24.17 

22.65 

21.30 

20.11 

130 

74.14 

61.76 

52.91 

46.27 

41.11 

36.99 

33.61 

30.79 

28.41 

26.37 

24.60 

23.05 

21.68 

20.47 

140 

75.41 

62.82 

53.82 

47.07 

41.82 

37.62 

34.19 

31.33 

28.90 

26.85 

25.03 

23.45 

22.06 

20.83 

150 

76.68 

63.87 

54.73 

47.87 

42.53 

38.26 

34.77 

31.86 

29.40 

27.29 

25.46 

23.86 

22.44 

21.19 

160 

77.95 

64.93 

55.63 

48.66 

43.24 

38.90 

35.35 

32.39 

29.89 

27.74 

25.88 

24.26 

22.82 

21.54 

170 

79.21 

65.99 

56.54 

49.46 

43.95 

39.54 

35.93 

32.92 

30.38 

28.20 

26.31 

24.66 

23.20 

21.90 

IHO 

80.48 

67.05 

57.45 

50.25 

44.65 

40.17 

36.51 

33.46 

30.87 

28.66 

26.74 

25.06 

23.58 

22.26 

190 

_ 

_ 

— 

— 

— 

40.81 

37.09 

33.99 

31.36 

29.11 

27.16 

25.46 

23.95 

22.61 

200 

— 

— 

— 

— 

— 

41.45 

37.67 

34.52 

31.85 

29.57 

27.59 

25.86 

24.33 

22.97 

220 


- 

- 

- 

- 

- 

- 

- 

- 

- 

28.44 

26.66 

25.08 

23.68 


Pressure in psia Saturation temperature in italics, F 


Temp, 

F 

18 

19 

20 1 

21 1 

22 1 

23 1 

24 

25 

26 

1 ” 

28 

1 29 

1 30 

1 


.- 20.61 

- 18.68 

- 16.64 

- 14.78 

- 12.08 

- 11.26 

- 0.68 



- 6.30 

- 4.87 

- 3.40 

- 1.07 

- 0.67 

1 -{- 0.70 

(at sat) 


. 00 ) 

[ 14 . 17 ) 

[ 13 . 6 ( 1 ) 

[ 12 . 00 ) ’ 

[ 12 . 36 ) 

[ 11 . 85 ) 

[ 11 . 30 ) 

[ 10 . 


[ 10 . 56 ) 

1 

: [ 10 . 20 ) 

[ 0 . S 63 ) 

1 [ 0 . 534 ) 

[ O.H 

136 ) 

[ 8 . 066 ) 

-20 

-10 

14. 

15. 

.93 

.32 

14.49 

13.74 

13.06 

12.45 

11.89 

— 


- 


— 

— 

— 


- 

— 

0 

15. 

.70 

14.85 

14.09 

13.40 

12.77 

12.20 

11.67 

11. 

.19 

10.74 

10.33 

9.942 

9.584 

9 

.250 

- 

ID 

16. 

OB 

15.21 

14.44 

13.73 

13.09 

12.50 

11.96 

11. 

.47 

11.01 

10.59 

10.20 

9.834 

9, 

.492 

9.173 

20 

16. 

.46 

15.57 

14.78 

14.06 

13.40 

12.80 

12.25 

11. 

.75 

11.28 

10.85 

10.45 

10.08 

9 

.731 

9.405 

30 

16 

.83 

15.93 

15.11 

14.38 

13.71 

13.10 

12.54 

12. 

.03 

11.55 

11.11 

10.70 

10.32 

9. 

.966 

9.633 

40 

17, 

.20 

16.28 

15.45 

14.70 

14.02 

13.40 

12.82 

12. 

.30 

11.81 

11.37 

10.95 

10.56 

ID. 

.20 

9.858 

50 

17, 

.57 

16.63 

15.78 

15.02 

14.32 

13.69 

13.11 

12. 

.57 

12.08 

11.62 

11.19 

10.80 

10 

.43 

10.08 

60 

17 

.94 

16.98 

16.12 

15.34 

14.63 

13.98 

13.39 

12, 

.84 

12.34 

11. B7 

11.44 

11.03 

10 

.65 

10.30 

70 

18. 

.30 

17.33 

16.45 

15.65 

14.93 

14.27 

13.66 

13. 

.11 

12.59 

12.12 

11.68 

11.26 

10. 

.88 

10.52 

80 

18. 

.67 

17.67. 

16.7B 

15.97 

15.23 

14.56 

13.94 

13. 

.37 

12.85 

12.37 

11.92 

11.50 

11, 

.10 

10.74 

90 

19 

.03 

LB.02 

17.10 

16.28 

15.53 

14.84 

14.22 

13. 

.64 

13.11 

12.61 

12.15 

11.73 

11. 

.33 

10.96 

100 

19. 

.39 

18.36 

17.43 

16.59 

15.83 

15.13 

14.49 

13. 

.90 

13.36 

12.B6 

12.39 

11.96 

11. 

,55 

11.17 

110 

19 

.75 

18.70 

17.76 

16.90 

16.12 

15.41 

14.76 

14. 

,17 

13,61 

13.10 

12.63 

12.18 

11. 

77 

11.38 

120 

20 

.11 

19.04 

IB.08 

17.21 

16.42 

15.70 

15.04 

14. 

.43 

13.87 

13.34 

12.B6 

12.41 

11. 

99 

11.60 

130 

20 

.47 

19.38 

18.41 

17.52 

16.72 

15.98 

15.31 

14. 

.69 

14.12 

13.59 

13.10 

12.64 

12. 

.21 

11.81 

140 

20 

.83 

19.72 

18.73 

17.83 

17.01 

16.26 

15.58 

14. 

.95 

14.37 

13.83 

13.33 

12.86 

12. 

43 

12.02 

150 

21. 

.19 

20.06 

19.05 

18.14 

17.31 

16.55 

15.B5 

15. 

.21 

14.62 

14.07 

13.56 

13.09 

12. 

.65 

12.23 

160 

21 

.54 

20.40 

19.37 

18.44 

17.60 

16.83 

16.12 

15. 

47 

14.87 

14.31 

13.80 

13.31 

12. 

87 

12.44 

170 

21 

.90 

20.74 

19.70 

18.75 

17.89 

17,11 

16.39 

15. 

73 

15.12 

14.55 

14.03 

13.54 

13. 

08 

12.66 

180 

22 

.26 

21.08 

20.02 

19.06 

18.19 

17.39 

16.66 

15. 

99 

15.37 

14.79 

14.26 

13.76 

13. 

30 

12.87 

190 

22 

.61 

21.42 

20.34 

19.36 

18.48 

17.67 

16.93 

16. 

25 

15.62 

15.03 

14.49 

13.99 

13. 

52 i 

13.07 

ZOO 

22 

.97 

21.75 

20.66 

19.67 

IB.77 

17.95 

17.20 

16. 

50 

15.86 

15.27 

14.72 

14.21 

13. 

,73 j 

13.28 

220 

23 

.68 

22.43 

21.30 

20.28 

19.35 

18.51 

17.73 

17. 

02 

16.36 

15.75 1 

15.18 

14.65 

14. 

16 

13.70 

240 


_ 

— 

21.94 

20.89 

19.94 

19.07 

18.27 

17. 

53 

16.85 

16.23 

15.64 

15.10 

14. 

59 

14.12 

260 

- 

— 

— 

— 

— 

— 

— 

18. 

04 1 

17.35 

16.70 

16.10 

15.54 

15. 

02 

14.53 

ZBO 

1 ■ 

— 

— 

— 

— 

— 

— 

— 


— 

— 

— 

— 

— 

15. 

45 

14.95 
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Table 2. Ammonia—Specific Volume of Superheated Vapor (cu ft per lb) (Continued) 


PreBBurc in psia Saturation temperature in italics, F 


Temp , 

F 

31 1 

33 1 

33 

34 

35 

36 

37 

38 

39 

40 

42 

44 

46 

48 


0.79 1 

£.11 

3.40 

4.66 

6.89 

7.09 

8.27 

D.42 

10.55 

n . 6P 

13.81 

J6.58 

17.87 

19.80 

[at sal ) 


( 8 . 693 ) 

( B . 446 ) 

( 8 . 211 ) 

( 7 . 991 ) 

( 7 . 782 ) 

( 7 . 5 S 4 ) 

( 7 . 596 ) 

[ 7 . 217 ) 

( 7 . 047 ) 

( 6 . 731 ) 

( 6 . 442 ) 

( 6 . 177 ) 

( 6 . 934 ) 

10 

9.173 

8.874 

8.592 

8.328 

8.078 

7.842 

7.619 

7.407 

_ 

_ 

— 

— 

— 

— 

20 

9.405 

9.009 

8.812 

8.542 

8.287 

8.046 

7.819 

7.603 

7.398 

7.203 

6.842 

6.513 

6.213 

5.937 

30 

9.633 

9.321 

9.028 

8.753 

8.493 

8.247 

8.015 

7.795 

7.586 

7.387 

7.019 

6.683 

6.377 

6.096 

40 

9.858 

9.540 

9 . 24Z 

8.960 

8.695 

8.445 

8.208 

7.983 

7.770 

7.568 

7.192 

6.850 

6.538 

6.251 

50 

10.08 

9.757 

9.452 

9.166 

8.895 

8.640 

8.398 

8.170 

7.952 

7.746 

7.363 

7.014 

6.696 

6.404 

60 

10.30 

9.972 

9.661 

9.369 

9.093 

8.833 

8.587 

8.353 

8.132 

7.922 

7.531 

7.176 

6.851 

6.554 

70 

10.52 

10.18 

9.868 

9.570 

9.289 

9,024 

8.773 

8.535 

8.310 

8.096 

7.697 

7.336 

7.005 

6.702 

BO 

10.74 

10.40 

10.07 

9.770 

9.484 

9.214 

8.958 

8.716 

8.486 

8.268 

7.862 

7.494 

7.157 

6.848 

PO 

10.96 

10.61 

10.28 

9.969 

9.677 

9.402 

9.142 

8.895 

8.661 

8.439 

8.026 

7.650 

7 . 30B 

6.993 

100 

11.17 

10.81 

10.48 

10.17 

9.869 

9.589 

9.324 

9.073 

8.835 

8.609 

8.188 

7.806 

7.457 

7.137 

no 

11.38 

11.02 

10.68 

10.36 

10.06 

9.775 

9.506 

9.250 

9.008 

8.777 

8.349 

7.960 

7.605 

7.280 

120 

11.60 

11.23 

10.88 

10.56 

10.25 

9.961 

9.686 

9.426 

9.179 

8.945 

8.510 

B.114 

7.753 

7.421 

130 

11.81 

11.44 

11.08 

10.75 

10.44 

10.15 

9.866 

9.602 

9.351 

9.112 

8.669 

8.267 

7.899 

7.562 

140 

12.02 

11.64 

11.28 

10.95 

10.63 

10.33 

10.05 

9.776 

9.521 

9.278 

8.828 

8.419 

8.045 

7.702 

150 

12.23 

11.85 

11.48 

11.14 

10.82 

10.51 

10.22 

9.950 

9.691 

9.444 

8.986 

8.570 

8.190 

7.842 

160 ' 

12.44 

12.05 

11.68 

11.33 

11.00 

10.69 

10.40 

10.12 

9.860 

9.609 

9.144 

8.721 

8.335 

7.981 

170 

12.66 

12.26 

11.88 

11.53 

11.19 

10.88 

10.58 

10.30 

10.03 

9.774 

9.301 

8.871 

8.479 

8.119 

180 

12.87 

12.46 

12.08 

11.72 

11.38 

11.06 

10.76 

10.47 

10.20 

0.938 

9.458 

9.021 

8.623 

8.257 

190 

13.07 

12.66 

12.27 

11.91 

11.56 

11.24 

10.93 

10.64 

10.36 

10.10 

9.614 

9.171 

8.766 

8.395 

200 

13.28 

12.86 

12.47 

12.10 

11.75 

11.42 

11.11 

10.81 

10.53 

10.27 

9.770 

9.320 

B . 9D9 

8.532 

220 

| 13.70 

13.27 

12.86 

12.48 

12.12 

11.78 

11.46 

11.16 

10.87 

10.50 

10.08 

9.617 

9.194 

8.805 

240 

il4.12 

13.67 

13.26 

12.86 

12.49 

12.14 

11.81 

11.50 

11.20 

10.92 

10.39 

9.913 

9.477 

9.077 

260 

114.53 

14.OB 

13.65 

13.24 

12.86 

12.50 

12.16 

11.84 

11.53 

11.24 

10.70 

10.21 

9.760 

9.348 

2B0 

! 14.95 

14.48 

14.04 

13.62 

13.23 

12.86 

12.51 

12.18 

11.86 

11.56 

11.01 

10.50 

10.04 

9.619 

300 

— 

— 

.... 

— 

— 

— 

— 


— 

11.88 

11.31 

10.80 

10.32 

9.BBB 




Pressure in psia 



Saturation temperature in italics, F 



Temp , 

F 

■“irn 

50 

1 32 

1 34 

56 

58 

60 

62 

64 

66 

68 

70 

1 « 

80 


lO.SO 

£ 1.67 

23 . 4s 

25.23 

26.94 

£ 8.59 

. H 0.21 

31.78 

33.31 

34.81 

36.27 

37.70 

41.13 

44.40 

(r/f aal) 

{ 5 . 994 ) 

( 5 . 710 ) 

( 5 . 502 ) 

( 5 . 309 ) 

( 5 . 12 . 9 ) 

( 4 . 962 ) 

( 4 . 806 ) 

^. 4 . 068 ) 

( 4 - 619 ) 

( 4 . 389 ) 

( 4 . 267 ) 

( 4161 ) 

( 3 . S 87 ) 

( 3 . 666 ) 

20 

30 

5.937 

6.096 

5.838 

5.599 

5.378 

5.172 

4.981 

— 






_ 


40 

6.251 

5.988 

5.744 

5.519 

5.310 

5.115 

4.933 

4.762 

4.602 

4.452 

4.310 

4.177 

— 

— 

50 

6.404 

6.135 

5.887 

5.657 

5.444 

5.245 

5.060 

4.886 

4.723 

4.570 

4.426 

4.290 

3.982 

3.712 

60 

6.554 

6.280 

6.027 

5.793 

5.576 

5.373 

5.184 

5.007 

4.842 

4.686 

4.539 

4.401 

4.087 

3.812 

70 

6.702 

6.423 

6.165 

5.927 

5.706 

5.499 

5.307 

5.127 

4.958 

4.799 

4.650 

4.509 

4.189 

3.909 

80 

6.848 

6.564 

6.302 

6.059 

5.834 

5.624 

5.428 

5.244 

5.072 

4.910 

4.758 

4.615 

4.289 

4.005 

DO 

6.093 

6.704 

6.437 

6.190 

5.960 

5.746 

5.547 

5.360 

5.185 

5.020 

4.865 

4.719 

4.388 

4.098 

100 

7.137 

6.843 

6.571 

6.319 

6.085 

5.868 

5.665 

5.474 

5.296 

4.129 

4.971 

4.822 

4.485 

4.190 

no 

7 . 2B0 

6.980 

6.704 

6.447 

6.209 

5.988 

5.781 

5.588 

5.406 

5.236 

5.075 

4.924 

4.581 

4.281 

120 

7.421 

7.117 

6.835 

6.575 

6.333 

6.107 

5.897 

5.700 

5.516 

5.342 

5.179 

5.025 

4.676 

4.371 

130 

7.562 

7.252 

6.966 

6.701 

6.455 

6.226 

6.012 

5.811 

5.624 

5.447 

5.281 

5.125 

4.770 

4.460 

140 

7.702 

7.387 

7.096 

6.827 

6.576 

6.343 

6.126 

5.922 

5.731 

5.552 

5.383 

5.224 

4.863 

4.548 

150 

7.842 

7.521 

7.225 

6.952 

6.697 

6.460 

6.239 

6.032 

5.838 

5.656 

5.484 

5.323 

4.956 

4.635 

160 

7.981 

7.655 

7.354 

7.076 

6.817 

6.577 

6.352 

6.142 

5.944 

5.759 

5.585 

5.420 

5.048 

4.722 

170 

8.110 

7.788 

7.483 

7.200 

6.937 

6.692 

6.464 

6.250 

6,050 

5.862 

5.685 

5.518 

5.139 

4.BOB 

180 

8.257 

7.921 

7.611 

7.323 

7.056 

6.808 

6.576 

6.359 

6.155 

5.964 

5.784 

5.615 

5.230 

4.893 

190 

8.395 

8.053 

7.738 

7.446 

7.175 

6.923 

6.687 

6.467 

6,260 

6.066 

5.883 

5.711 

5.320 

4.978 

200 

8.532 

8.185 

7.865 

7.569 

7.294 

7.037 

6.787 

6.574 

6,364 

6.167 

5.982 

5.807 

5.410 

5.063 

210 

8.669 

8.317 

7.992 

7.691 

7.412 

7.151 

6.909 

6.681 

6,468 

6.268 

6 . 0BD 

5.902 

5.500 

5.147 

220 

8.805 

8.448 

8.118 

7.813 

7.529 

7.265 

7.019 

6.788 

6.572 

6.369 

6.179 

5.998 

5.589 

5.231 

230 

8.941 

8.579 

8.244 

7.935 

7.647 

7.379 

7.129 

6.895 

6.675 

6.470 

6.275 

6.093 

5.678 

5.315 

240 

9.077 

8.710 

8.370 

8.056 

7.764 

7.492 

7.238 

7.001 

6.778 

6.570 

6.373 

6.187 

5.767 

5.398 

250 

9.213 

8.840 

8.496 

8.177 

7.881 

7.605 

7.338 

7.107 

6.881 

6.670 

6.470 

6.282 

5.855 

5.482 

260 

9.348 

8.970 

8.621 

8.298 

7.998 

7.718 

7.437 

7.213 

6.984 

6.769 

6.567 

6.376 

5.943 

5.565 

280 

9.619 

9.230 

8.871 

8.539 

8.230 

7.943 

7.676 

7.424 

7,188 

6.968 

6.760 

6.563 

6.119 

5.730 

300 

9.888 

9.489 

9.120 

8.779 

8.462 

8.167 

7.892 

7.634 

7.392 

7.165 

6.952 

6.750 

5.294 

5.894 
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PART II. TABLES 


Table 2. Ammpnia—Specific Volume of Superheated Vapor (cu ft per lb) (Continued) 


PrsBiure in piia Saturation tempBraturfl in italics, F 


Temp, 

F 

80 

85 

90 

95 

100 

105 

no 

115 

120 

125 

130 

135 

140 

145 


U-40 

47.60 

60.47 

63.32 

66.06 

68 . B 7 

61.21 

63.66 

66 .0£ 

68.31 

70.63 

7£.69 

74.79 

76.83 

(a< daO 

[a.Gss] 

{s.449) 

i3.eBG) 

is . iot ) 

(S.&63) 

{£. 817 ) 

{£. 693 ) 

{£. 580 ) 

{£. 476 ) 

{£. 380 ) 

{£.£ 91 ) 

{£.£ 09 ) 

{£. 13 £) 

{£. 06 t ) 

50 

3.712 

3.473 

- 

- 

~ 

- 

- 

- 

- 

- 

- 

- 

- 


CO 

3.812 

3.569 

3.353 

3.160 

2.985 

2.8281 

_ 

_ 

_ 


_ 

_ 

_ 

— 

70 

3.909 

3.662 

3.442 

3.245 

3.068 

2.907 

2.761 

2.628 

2.505 

2.392 

— 


— 

— 

80 

4.005 

3.753 

3.529 

3.329 

3.149 

2.985 

2.837 

2.701 

2.576 

2.461 

2.355 

2.257 

2.166 

2.080 

90 

4.098 

3.842 

3.614 

3.411 

3.227 

3.061 

2.910 

2 ..112. 

2.645 

2.528 

2.421 

2.321 

2.228 

2.141 

IDO 

4.190 

3.930 

3.698 

3.491 

3.304 

3.135 

2.981 

2.841 

2.712 

2.593 

2.484 

2.382 

2.288 

2.200 

no 

4.281 

4.016 

3.780 

3.570 

3.380 

3.208 

3.051 

2.909 

2.778 

2.657 

2.546 

2.442 

2.347 

2.257 

120 

4.371 

4.101 

3.862 

3.647 

3.454 

3.279 

3.120 

2.975 

2.842 

2.719 

2.606 

2.501 

2.404 

2.313 

130 

4.460 

4.186 

3.942 

3.724 

3.527 

3.350 

3.188 

3.040 

2.905 

2.780 

2.665 

2.559 

2.460 

2.368 

140 

4.548 

4.269 

4.021 

3.799 

3.600 

3.419 

3.255 

3.105 

2.967 

2.840 

2.724 

2.615 

2.515 

2.421 

150 

4.635 

4.352 

4.100 

3.074 

3.672 

3.488 

3.321 

3.168 

3.029 

2.900 

2.781 

2.671 

2.569 

2.474 

160 

4.722 

4.434 

4.178 

3.949 

3.743 

3.556 

3.386 

3.231 

3.089 

2.958 

2.838 

2.726 

2.622 

2.526 

170 

4.808 

4.515 

4.255 

4.022 

3.813 

3.623 

3.451 

3.294 

3.149 

3.016 

2.894 

2.780 

2.675 

2.577 

180 

4.893 

4.596 

4.332 

4.096 

3.883 

3.690 

3.515 

3.355 

3.209 

3.074 

2.949 

2.834 

2.727 

2.627 

190 

4.978 

4.677 

4.408 

4.168 

3.952 

3.757 

3.579 

3.417 

3.268 

3.131 

3.004 

2.887 

2.779 

2.677 

200 

5.063 

4.757 

4.484 

4.241 

4.021 

3.823 

3.642 

3.477 

3.326 

3.187 

3.059 

2.940 

2.830 

2.727 

210 

5.147 

4.836 

4.560 

4.313 

4.090 

3.888 

3.705 

3.538 

3.385 

3.243 

3.113 

2.992 

2.880 

2.776 

220 

5.231 

4.916 

4.635 

4.384 

4.158 

3.954 

3.768 

3.598 

3.442 

3.299 

3.167 

3.044 

2.931 

2.825 

230 

5.315 

4.995 

4.710 

4.455 

4.226 

4.019 

3.830 

3.658 

3.500 

3.354 

3.220 

3.096 

2.981 

2.873 

240 

5.398 

5.074 

4.785 

4.526 

4.294 

4.083 

3.892 

3.717 

3.557 

3.409 

3.273 

3.147 

3.030 

2.921 

250 

5.482 

5.152 

4.859 

4.597 

4.361 

4.148 

3.954 

3.776 

3.614 

3.464 

3.326 

3.198 

3.0BD 

2.969 

260 

5.565 

5.230 

4.933 

4.668 

4.428 

4.212 

4.015 

3.835 

3.671 

3.519 

3.379 

3.249 

3.129 

3.017 

270 

5.648 

5.308 

5.007 

4.738 

4.495 

4.276 

4.076 

3.894 

3.727 

3.573 

3.431 

3.300 

3.179 

3.064 

280 

5.730 

5.386 

5.081 

4.808 

4.562 

4.340 

4.137 

3.952 

3.783 

3.627 

3.483 

3.350 

3.227 

3.111 

290 

5.812 

5.464 

5.155 

4.878 

4.629 

4.403 

4.198 

4.011 

3.839 

3.681 

3.535 

3.400 

3.275 

3.158 

300 

5.894 

5.541 

5.228 

4.947 

4.695 

4.466 

4.259 

4.069 

3.895 

3.735 

3.587 

3.450 

3.323 

3.205 

320 

- 

- 

- 

- 

- 

- 

- 

- 

— 

3.842 

3.690 

3.550 

3.420 

3.298 








Table 2. Ammonia—Specific Volume of Superheated Vapor (cu ft per lb) (Concluded) 
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PART II. TABLES 


Table 3. Ammonia—Enthalpy of Superheated Vapor (Btu per lb) 


PreBBure in psla Saturation temperaturo in italics, F 


Temp, 

F 

5 

1 ‘ 

1 7 

1 » 

0 

10 

11 

1 >2 

13 

14 

15 

16 

17 

IB 


l-cs./i 

1 -fi7.f74 

-52.88 

-4SM 

-44.38 

-41.34 

-38.14 

-36.IB 

-32.37 

-29.7B 

-27.29 

- 24.95 

-22.73 

-20.61 

(at ant) 

{SS8.3) 


[502.6) 

[B94.S) 

[606.7) 

[597.1) 

[698.3) 

[699.4) 

[BOO.B) 

[801.4) 

[B02.4) 

[003.2) 

[G 04 0 ) 

[BO 4 . 8 ) 

-50 

595.2 

594.6 

594.0 

_ 

_ 

— 

— 

— 

— 

— 

— 

— 

— 

— 

-40 

600.3 

599. B 

599.3 

598.B 

598.3 

597.8 

— 

— 

— 

— 

— 

— 

— 

— 

-30 

605.4 

604.9 

604.5 

604.1 

603.6 

603.2 

602.7 

602.3 

601. B 

— 

— 

— 

— 

— 

-20 

610.4 

610.0 

609.6 

609.3 

608.9 

60B.5 

60B.1 

607.7 

607.2 

606.B 

606.4 

606.0 

605.6 

605.1 

-10 

615.4 

615.1 

614.7 

614.4 

614.0 

613.7 

613.3 

613.0 

612.6 

612.2 

611.9 

611.5 

611.1 

610.7 

0 

620.4 

620.1 

619.B 

619.5 

619.2 

618.9 

61B.5 

618.2 

617.9 

617.6 

617.2 

616.9 

616.6 

616.2 

10 

625.4 

625.2 

624.9 

624.6 

624.3 

624.0 

623.7 

623.4 

623.1 

622. B 

622.5 

622.2 

621.9 

621.6 

20 

630.4 

630.2 

629.9 

629.7 

629.4 

629.1 

628.9 

62B.6 

628.3 

628.0 

627.8 

627.5 

627.2 

626.9 

30 

635.4 

635.2 

635.0 

634.7 

634.5 

634.2 

634.0 

633.7 

633.5 

633.2 

633.0 

632.7 

632.5 

632.2 

40 

640.4 

640.2 

640.0 

639.B 

639.5 

639.3 

639.1 

63B.9 

63B.6 

638.4 

638.2 

638.0 

637.7 

637.5 

50 

645.5 

645.2 

645.0 

644. B 

644.6 

644.4 

644.2 

644.0 

643.8 

643.6 

643.4 

643.2 

642.9 

642.7 

60 

650.5 

650.3 

650.1 

649.9 

649.7 

649.5 

649.3 

649.1 

64B.9 

648.7 

64B.5 

64B.3 

64B.1 

647.9 

70 

655.5 

655.3 

655.2 

655.0 

654.8 

654.6 

654.4 

654.3 

654.1 

653.9 

653.7 

653.5 

653.3 

653.1 

BO 

660.6 

660.4 

660.2 

660.1 

659.9 

659.7 

659.6 

659.4 

659.2 

659.0 

658.9 

658.7 

658.5 

658.4 

90 

665.6 

665.5 

665.3 

665.2 

665.0 

664.B 

664.7 

664.5 

664.4 

664.2 

664.0 

663.9 

663.7 

663.6 

100 

670.7 

670.6 

670.4 

670.3 

670.1 

670.0 

669. B 

669.7 

669.5 

669.4 

669.2 

669.1 

66B.9 

66B.8 

110 

675.8 

675.7 

675.5 

675.4 

675.3 

675.1 

675.0 

674.8 

674.7 

674.5 

674.4 

674.3 

674.1 

674.0 

120 

6B0.9 

6B0.B 

6B0.7 

6B0.5 

680.4 

6B0.3 

680.1 

680.0 

679.9 

679.7 

679.6 

679.5 

679.3 

679.2 

130 

6B6.1 

685.9 

6B5.B 

6B5.7 

6B5.6 

6B5.4 

685.3 

685.2 

6B5.1 

684.9 

6B4.B 

684.7 

684.5 

6B4.4 

140 

691.2 

6gi.i 

691.0 

690.9 

690.7 

690.6 

690.5 

690.4 

690.3 

690.1 

690.0 

689.9 

DB9.B 

689.7 

150 

696.4 

696.3 

696.2 

696.1 

695.9 

695.8 

695.7 

695.6 

595.5 

695.4 

695.3 

695.1 

695.0 

694.9 

160 

701.6 

701.5 

701.4 

701.3 

701.2 

701.1 

700.9 

700.B 

700.7 

700.6 

700.5 

700.4 

700.3 

700.2 

170 

706. B 

706.7 

706.6 

706.5 

706.4 

706.3 

706.2 

706.1 

706.0 

705.9 

705.8 

705.7 

705.6 

705.5 

IBO 

712.1 

712.0 

711.9 

711.8 

711.7 

711.6 

711.5 

711.4 

711.3 

711.2 

711.1 

711.0 

710.9 

710.B 

190 

— 

— 

— 

— 

— 

716.9 

716.8 

716.7 

716.6 

716.5 

716.4 

716.3 

716.2 

716.1 

200 

— 

— 

— 

— 

— 

722.2 

722.1 

722.0 

721.9 

721.8 

721.7 

721.6 

721.5 

721.4 

220 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

732.3 

i _ 

732.2 

732.2 


PreSBurts in psia Saturation temperature in italicB, F 


Temp, 

F 

IB 

I* 

20 

21 

22 

23 


ZS 

26 

27 

28 

29 

30 

31 

- 20 .(il 

-18.58 

-Id.64 

-14.78 

-12.98 

-11.26 

-9.68 

-7.90 

-G.39 

-4 87 

-S .40 1 -1.97 

-0.67 

f 0 79 

(at sat) 

[ 6 O 4 . 8 ) 

[005 5) 

[600.2) 

[60G.8) 

[G07.4) 

[008.1) 

[60S.G) 

[609.1) 

[G09.7) 

[GJ0.2) 

[610.7) 

[GILD 

[611.6) 

[613.0) 

-20 

605.1 

_ 

_ 

_ 

— 

— 

— 

— 

_ 

— 

— 

— 

— 

— 

-10 

610.7 

610.3 

610.0 

609.6 

609.2 

60B.B 

— 

— 

— 

— 

— 

— 

— 

— 

0 

616.2 

615.9 

615.5 

615.2 

614.8 

614.5 

614.1 

613.8 

613.4 

613.0 

612.7 

612.3 

611.9 

- 

10 

621.6 

621.3 

621.0 

620.7 

620.4 

620.0 

619.7 

619.4 

619.1 

618.B 

618.4 

618.1 

617.8 

617.4 

2D 

626.9 

626.7 

626.4 

626.1 

625.8 

625.5 

625.2 

625.0 

624.7 

624.4 

624.1 

623.8 

623.5 

623.2 

30 

632.2 

632.0 

631.7 

631.5 

631.2 

630.9 

630.7 

630.4 

630.2 

629.9 

629.6 

629.4 

629.1 

628.8 

40 

637.5 

637.3 

637.0 

636.8 

636.6 

636.3 

636.1 

635. B 

635.6 

635.4 

635.1 

634.9 

634.6 

634.4 

50 

642.7 

642.5 

642.3 

642.1 

641.9 

641.6 

641.4 

641.2 

641.0 

640.8 

640.5 

640.3 

640.1 

639.9 

60 

647.9 

647.7 

647.5 

647.3 

647.1 

646.9 

646.7 

646.5 

646.3 

646.1 

645.9 

645.7 

645.5 

645.3 

70 

653.1 

653.0 

652. B 

652.6 

652.4 

652.2 

652.0 

651.8 

651.6 

651.5 

651.2 

651.1 

650.9 

650.7 

80 

658.4 

65B.2 

658.0 

657. B 

657.7 

657.5 

657.3 

657.1 

656.9 

656.8 

656.6 

656.4 

656.2 

6S6.1 

90 

663.6 

663.4 

663.2 

663.1 

662.9 

662.7 

662.6 

662.4 

662.2 

662.1 

661.9 

661.7 

661.6 

661.4 

100 

66B.B 

66B.6 

66B.5 

668.3 

668.1 

668.0 

667. B 

667.7 

667.5 

667.4 

667.2 

667.1 

666.9 

666.7 

110 

674.0 

673.8 

673.7 

673.5 

673.4 

673.2 

673.1 

673.0 

672.8 

672.7 

672.5 

672.4 

672.2 

672.1 

120 

679.2 

679.1 

67B.9 

67B.B 

67B.6 

678.5 

67B.4 

67B.2 

678.1 

67B.0 

677.8 

677.7 

677.5 

677.4 

130 

684.4 

684.3 

684.9 

684.0 

6B3.9 

6B3.8 

6B3.6 

6B3.5 

683.4 

6B3.3 

6B3.1 

683.0 

682.9 

682.7 

140 

689.7 

689.5 

689.4 

689.3 

689.2 

689.0 

6BB.9 

688.8 

688.7 

6BB.6 

6BB.4 

688.3 

688.2 

688.1 

150 

694.9 

694.8 

694.7 

694.6 

694.4 

694.3 

694.2 

694.1 

694.0 

693.9 

693.7 

693.6 

693.5 

693.4 

160 

700.2 

700.1 

700.0 

699.8 

699.7 

699.6 

699.5 

699.4 

699.3 

699.2 

699.1 

699.0 

69B.B 

698.7 

170 

705.5 

705.4 

705.3 

705.1 

705.0 

704.9 

704.8 

704.7 

704.6 

704.5 

704.4 

704.3 

704.2 

704.1 

IBO 

710.B 

710.7 

710.6 

710.5 

710.4 

710.3 

710.2 

710.1 

710.0 

709.9 

709.8 

709.7 

709.6 

709.5 

190 

716.1 

716.0 

715.9 

715.B 

715.7 

715.6 

715.5 

715.4 

715.3 

715.2 

715.1 

715.0 

714.9 

714.8 

200 

721.4 

721.3 

721.2 

721.1 

721.1 

721.0 

720.9 

720. B 

720.7 

720.6 

720.5 

720.4 

720.3 

720.2 

220 

732.2 

732.1 

732.0 

731.9 

731. B 

731.7 

731.7 

731.6 

731.5 

731.4 

731.3 

731.2 

731.1 

731.1 

240 

— 

— 

742.8 

742.7 

742.7 

742.6 

742.6 

742.5 

742.4 

742.3 

742.2 

742.2 

742.0 

742.0 

260 

— 

— 

— 

— 

— 

— 

— 

753.4 

753.3 

753.2 

753.2 

753.1 

753.0 

752.9 

2B0 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

764.1 

764.0 
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Table 3. Ammonia—Enthalpy of Superheated Vapor (Btu per lb) (Continued) 


PresBUTe in psla Saturation temperatuie in italics, F 


Temp, 

F 

31 

32 

33 

34 

35 

36 

37 

38 

I 39 

1 40 

42 

! « 

! 46 

48 


0.79 

£.11 

3.40 

4.66 

6.89 

7.09 

8.37 

9.42 

10.55 

11.66 

13.81 

16 .SS 

17.87 

19.80 

(at aa() 

[BIM.O) 

[61S.4) 

isis.s) 

[61S.E) 

[613.6) 

[614.0) 

[614.3) 

[ 6 I 4 . 7 ) 

[616.0) 

[615.4) 

[616.0) 

[616.6) 

[617.3) 

[617.7) 

ID 

617.4 

617.1 

616.8 

616.4 

616.1 

615.7 

615.4 

615.0 

_ 

_ 

_ 

_ 

_ 

_ 

20 

623.2 

622.9 

622.6 

622.3 

622.0 

621.7 

621.4 

621.0 

620.7 

620.4 

619.8 

619.1 

618.5 

617.8 

30 

6ZB.B 

62B.5 

628.3 

628.0 

627.7 

627.4 

627.2 

626.9 

626.6 

626.3 

625.8 

625.2 

624.6 

624.0 

40 

634.4 

634.1 

633.9 

633.6 

633.4 

633.1 

632.9 

632.6 

632.4 

632.1 

631.6 

631.1 

630.5 

630.0 

50 

639.9 

639.6 

639.4 

639.2 

638.9 

638.7 

63B.5 

638.3 

638.0 

637.8 

637.3 

636.8 

636.4 

635.9 

50 

645.3 

645.1 

644.9 

644.7 

644.4 

644.2 

644.0 

643.8 

643.6 

643.4 

643.^ 

642.5 

642.1 

741.6 

70 

650.7 

650.5 

650,3 

650 J 

649.9 

649.7 

649.5 

649.3 

649.1 

648.9 

648.5 

648.1 

647.7 

647.3 

BO 

565.1 

655.9 

655.7 

655 5 

655.3 

655.2 

655.0 

654.8 

654.6 

654.4 

654.1 

653.7 

653.3 

652.9 

90 

661.4 

661.Z 

661.1 

660 Q 

660.7 

660.6 

660.4 

660.2 

660.1 

659.9 

659.5 

659.2 

658.9 

658.5 

100 

666.7 

666.6 

666.4 

666.3 

666.1 

666.0 

665.8 

665.6 

665.5 

665.3 

665.0 

664.7 

664.4 

664.0 

110 

672.1 

671.9 

671.8 

671.6 

671.5 

671.3 

671.2 

671.0 

670.9 

670.7 

670.4 

670.1 

669.8 

669.5 

IZO 

677.4 

677.3 

667.1 

677*0 

676.8 

676.7 

1 676.6 

676.4 

676.3 

676.1 

675.9 

675.6 

675.3 

675.0 

130 

6B2.7 

682.6 

682.5 

682.3 

682.2 

682.1 

681.9 

6B1.B 

681.7 

681.5 

681.3 

6B1 0 

680.7 

680.5 

140 

6B8.1 

687.9 

687.8 

687.7 

687.6 

6B7.4 

687.3 

687.2 

687.1 

686.9 

686.7 

686.4 

686.2 

685.9 

150 

693.4 

693.3 

693.2 

693^0 

692.9 

692.8 

692.7 

692.6 

692.5 

692.3 

692.1 

691.9 

691.6 

691.4 

160 

69B.7 

698.6 

698.5 


698.3 

698.2 

698.1 

698.0 

697.8 

697.7 

697.5 

697.3 

697.1 

696.8 

170 

704.1 

704.0 

703.9 

UVO . 

703.7 

703.6 

703.5 

703.3 

703.2 

703.1 

702.9 

702.7 

702.5 

702.3 

IBO 

709.5 

709.4 

709.3 

709 2 

709.1 

709.0 

708.9 

708.7 

708.6 

7D8.5 

7DB.3 

708.1 

707.9 

707.7 

190 

714.B 

714.7 

714.6 

714. ^ 

714.5 

714.4 

714.3 

714.2 

714.1 

714.0 

713.8 

713.6 

713.4 

713.2 

200 

720.2 

720.1 

720.0 

f . 9 

72D.0 

719.9 

719.8 

719.7 

719.6 

719.5 

719.4 

719.2 

1 

719.0 

718.8 

718.7 

220 

731.1 

731.0 

730.9 


730.7 

730.6 

730.6 

730.5 

730.4 

730.3 

730.1 

730.0 

729.8 

729.6 

240 

742.0 

741.9 

741.8 

730. B 

'7A^ 7 

741.7 

741.6 

741.5 

741.4 

741.3 

741.3 

741.1 

741.0 

740.8 

740.6 

260 

752.9 

752.9 

752. B 

7<7 7 

752.7 

752.6 

I 752.5 

752.4 

752.4 

7S2 3 

752.2 

752.0 

751.9 

751.7 

2B0 

764.0 

763.9 

763.9 


763.7 

763.7 

763.6 

763.5 

763.5 

763.4 

763.3 

763.1 

763.0 

762.9 

300 

— 

— 

— 

7DJ. a 

—- 

— 

— 

— 

— 

774.6 

774.5 

774.3 

774.2 

774.1 


Pressure in psia Saturation temperature in italics, F 


Temp, 

F 

48 

50 

52 

54 

56 

58 

60 

62 

64 

66 

68 

70 

! 

8D 


1 !). H 0 

SI .67 

23.48 

25.23 

26.04 

28.59 

S 0.21 

31.78 

93.31 

34 .81 

36.27 

37.70 

41 . 1s 

4 U 0 

(riV «ri/) 

[ IJI 7 . 7 ) 

[ 618 . 2 ) 

[ 618 . 7 ) 

[ 610 . 2 ) 

[ 619 . 7 ) 

[ 620 . 1 ) 

[ 620 . 5 ) 

[ 620 . 9 ) 

[ 621 . 3 ) 

[ 621 . 7 ) 

[ U 22 . 0 ) 

[ 622 . 4 ) 

[ 623 . 2 ) 

[ 624 . 0 ) 

20 

30 

617.8 

624.0 

623.4 

622.8 

622.2 

621.6 

621.0 

— 

_ 

- 



_ 



40 

630.0 

629.5 

629.0 

628.4 

627.9 

627.3 

626.8 

626.2 

625.6 

625.1 

624.5 

623.9 

— 

— 

50 

635.9 

635.4 

634.9 

634.4 

633.9 

633.4 

632.9 

632.4 

631.9 

631.4 

630.9 

630.4 

629.1 

627.7 

60 

641.6 

641.2 

640.8 

640.3 

639.9 

639.4 

639.0 

638.5 

638.0 

637.6 

637.1 

636.6 

635.5 

634.3 

70 

647.3 

646.9 

646.5 

646.1 

645.7 

645.3 

644.9 

644.4 

644.0 

643.6 

643.2 

642.7 

641.7 

640.6 

BG 

652.0 

652.6 

652.2 

651.8 

651.4 

651.1 

650.7 

650.3 

649.9 

649.5 

649.1 

648.7 

647.7 

646.7 

90 

658.5 

658.2 

657.8 

657.5 

657.1 

656.8 

656.4 

656.0 

655.7 

655.3 

655.0 

645.6 

653.7 

652.8 

100 

664.0 

663.7 

663.4 

663.1 

662.7 

662.4 

662.1 

661.7 

661.4 

661.1 

660.7 

660.6 

659.6 

658.7 

110 

669.5 

669.2 

668.9 

668.6 

66B.3 

668.0 

667.7 

667.4 

667.1 

666.8 

666.5 

666.1 

665.4 

664.6 

120 

675.0 

674.7 

674.4 

674.2 

673.9 

673.6 

673.3 

673.0 

672.7 

672.4 

672.1 

671.8 

671.1 

670.4 

130 

680.5 

680.2 

679.9 

679.7 

679.4 

679.1 

678.9 

678.6 

678.3 

678.0 

677.8 

677.5 

676.8 

676.1 

140 

685.9 

685.7 

685.4 

6B5.2 

684.9 

684.7 

684.4 

684.2 

6B3.9 

683.6 

683.4 

683.1 

682.5 

681.8 

150 

691.4 

691.1 

690.9 

690.7 

690.4 

690.2 

689.9 

689.7 

689.5 

689.2 

689.0 

688.7 

688.1 

687.5 

160 

696.B 

696.6 

696,4 

696.1 

695.9 

695.7 

695.5 

'695.2 

695.0 

694.8 

694.5 

694.3 

693.7 

693.2 

170 

702.3 

702.1 

701.8 

701.6 

701.4 

701.2 

701.0 

700.8 

700.5 

700.3 

700.1 

699.9 

699.3 

698.8 

180 

707.3 

707.5 

707.3 

707.1 

706.9 

706.7 

706.5 

706.3 

706.1 

705.9 

705.7 

705.5 

704.9 

704.4 

190 

713.2 

713.0 

712.8 

712.6 

712.4 

712.2 

712.0 

711.8 

711.6 

711.4 

711.2 

711.0 

710.5 

710.0 

200 

718.7 

718.5 

718.3 

718.1 

717.9 

717.7 

717.5 

717.3 

717.2 

717.0 

716.8 

716.6 

716.1 

715.6 

210 

724.2 

724.0 

723.8 

723.6 

723.4 

723.2 

723.1 

722.9 

722.7 

722.5 

722.3 

722.2 

721.7 

721.3 

220 

729.6 

729.4 

729.3 

729.1 

728.9 

728.8 

728.6 

728.4 

728.3 

728.1 

727.9 

727.7 

727.3 

726.9 

230 

735.1 

735.0 

734.8 

734.7 

734.5 

734.4 

734.1 

734.0 

733.8 

733.7 

733.5 

733.3 

732.9 

732.5 

240 

740.6 

740.5 

740.3 

740.2 

740.0 

739.9 

739.7 

739.5 

739.4 

739.2 

739.1 

738.9 

738.5 

738.1 

250 

746.2 

745.6 

745.9 

745.8 

745.6 

745.5 

745.3 

745.1 

745.0 

744.8 

744.7 

744.5 

744.1 

743.8 

260 

751.7 

751.6 

751.4 

751.3 

751.1 

751.0 

750.9 

750.7 

750.6 

750.4 

750.3 

750.1 

749.8 

749.4 

270 

757.3 

757.2 

756.0 

756.9 

756.7 

756.6 

756.5 

756.3 

756.2 

756.1 

756.8 

757.8 

755.5 

755.1 

2B0 

762.9 

762.7 

762.6 

762.5 

762.3 

762.2 

762.1 

761.9 

761.8 

761.7 

761.5 

761.4 

761.1 

760.7 

290 

768.5 

768.4 

768.2 

76B.1 

768.0 

767.8 

767.7 

767.6 

767.5 

767.4 

767.2 

767.1 

766.8 

766.4 

300 

774.1 

774.0 

773.8 

773.7 

773.6 

773.5 

773.3 , 

773.2 

773.1 

773.0 

772.8 

772.7 

772.4 

772.1 
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PART II. TABLES 


T&ble 3. Ammonia—Enthalpy of Superheated Vapor (Btu per lb) (Continued) 


PreBBure in psia Saturation temperature In Italicsi F 


Temp, 

F 

BO 

85 

90 

95 

100 

105 

110 

IIS 

120 

125 

130 

135 

140 

145 


mo 

47.50 

50.47 

63.32 

68.06 

58.07 

81.21 

03.65 

60.02 

08.31 

70.53 

72.09 

74.79 

70.83 

(rjf mi ) 

[ 024 . 0 ) 

mn 

[ 025 . 3 ) 

[ 025 . 9 ) 

[ 020 . 5 ) 

[ 027 . 0 ) 

[ 027 . 5 ) 

[ 028 . 0 ) 


[ 028 . 8 ) 

[ 029 . 2 ) 

[ 029 . 0 ) 

[ 829 . 9 ) 

[ 630 . 2 ) 

50 

627.7 

626.4 

- 

- 

- 

- 

- 

- 

- 


— 

- 


- 

60 

634.3 

633.0 

631.8 

630.5 

629.3 

627.9 

_ 

_ 

_ 

_ 

_ 

_ 


_ 

70 

640.6 

639.5 

638.3 

637.2 

636.0 

634.9 

633.7 

632.5 

631.3 

630.0 

— 

— 

— 

— 

80 

646.7 

645.7 

644.7 

643.6 

642.6 

641.5 

640.5 

639.4 

638.3 

637.2 

636.0 

634.9 

633.8 

632.6 

00 

652. B 

651.8 

650.9 

649.9 

649.0 

648.0 

647.0 

646.0 

645.0 

644,0 

643.0 

642.0 

640.9 

639.9 

100 

65B.7 

657.8 

657.0 

656.1 

655.2 

654.3 

653.4 

652.5 

651.6 

650.7 

649.7 

648.8 

647.8 

646.9 

110 

664.6 

663.8 

663.0 

662.1 

661.3 

660.5 

659.7 

658.8 

658.0 

657.1 

656.3 

654.4 

654.5 

653,6 

120 

670.4 

669.6 

668.9 

668.1 

667.3 

666.6 

665.8 

665.0 

664.2 

663.5 

662.7 

661.9 

661.1 

660.2 

130 

676.1 

675.4 

674.7 

674.0 

673.3 

672.6 

671.9 

671.1 

670.4 

669.7 

668.9 

668.2 

667.4 

666.7 

140 

6B1.B 

681.2 

680.5 

679.8 

679.2 

678.5 

677.8 

677.2 

676.5 

675.8 

675.1 

674.4 

673.7 

673.0 

150 

687.5 

686.9 

686.3 

685.6 

685.0 

684.4 

683.7 

683.1 

682.5 

681.8 

681.2 

680.5 

679.9 

679.2 

160 

693.2 

692.6 

692.0 

691.4 

690.8 

690.2 

689.6 

689.0 

688.4 

687.8 

687.2 

686.6 

686.0 

685.4 

170 

69B.B 

698.2 

697.7 

697.1 

696.6 

696.0 

695.4 

694.9 

694.3 

693.7 

693.2 

692.6 

692.0 

691.4 

IBO 

704.4 

703.9 

703.4 

702.8 

702.3 

701.8 

701.2 

700.7 

700.2 

699.6 

699.1 

698.6 

698.0 

697.5 

190 

710.0 

709.5 

709.0 

708.5 

708.0 

707.5 

707.0 

706.5 

706.0 

705.5 

705.0 

704.5 

704.0 

703.4 

ZOO 

715.6 

715.2 

714.7 

714.2 

713.7 

713.3 

712.8 

712.3 

711.8 

711.3 

710.9 

710.4 

709.9 

709.4 

ZIO 

721.3 

720.8 

720.4 

719.9 

719.4 

719.0 

718.5 

718.1 

717.6 

717.2 

716.7 

716.2 

715.8 

715.3 

220 

726.9 

726.4 

726.0 

725.6 

725.1 

724.7 

724.3 

723.8 

723.4 

723.0 

722.5 

722.1 

721.6 

721.2 

230 

732.5 

732.1 

731.7 

731.3 

730.8 

730.4 

730.0 

729.6 

729.2 

728.8 

728.3 

727.9 

727.5 

727.1 

240 

738.1 

737.7 

737.3 

736.9 

736.5 

736.1 

735.7 

735.3 

734.9 

734.5 

734.1 

733.7 

733.3 

732.9 

250 

743.8 

743.4 

743.0 

742.6 

742.2 

741.9 

741.5 

741.1 

740.7 

740.3 

739.9 

739.6 

739.2 

738.8 

260 

749.4 

749.0 

748.7 

748.3 

747.9 

747.6 

747.2 

746.8 

746.5 

746.1 

745.7 

745.4 

745.0 

744.6 

270 

755.1 

754.7 

754.4 

754.0 

753.6 

753.3 

752.9 

752.6 

752.2 

751.9 

751.5 

751.2 

750.8 

750.5 

2BO 

760.7 

760.4 

760.0 

759.7 

759.4 

759.0 

758.7 

758.4 

758.0 

757.7 

757.3 

757.0 

756.7 

756.3 

290 

766.4 

766.1 

765.8 

765. B 

765.1 

764.8 

764.5 

764.1 

763.8 

763.5 

763.1 

762.8 

762.5 

762.2 

300 

772.1 

771.8 

771.5 

771.2 

770.8 

770.5 

770.2 

769.9 

769.6 

769.3 

769.0 

768.6 

768.3 

768.0 

320 

~ 

— 

— 

— 

— 


— 

— 

— 

780.9 

780.6 

780.3 

780.0 

779.7 
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Table 4. Ammonia—Entropy of Superheated Vapor (Btu/lb F from —40 F) 





Pressure in psia 




Saturatlua temperature In italics, 

F 


Temp, 

F 

* 1 

‘ 1 

^ 1 

8 

9 1 

10 1 

1 

12 

13 1 14 

15 

1 

1 ” 

18 


-G3.I1 

-57.64 

-53.88 1 

-48.64 

-44.38 \ 

-4i.34\- 

-38.14 1 

-36.16 

-32.37 -29.76 

-27.29 

-24.96 

1 -22.73 

1 

-20.91 

ial rriO 


{1.4703) [1.4574). 

U446sy 

[1.4363) 

[1.4276) [1.41D6) 

[1.41^4) 

[1.4067) [1.3996) 

[1.393S) 

[1.3885) 

[1.3836) 

[1.3787) 

- 50 

1.50251 

1.48031 

1.4611 


_ 1 

_ 


_ 

— — 

_ 

— 

— 

— 

-40 

1.51491 

1.492B; 

1.4739 

1.4573! 

1.4426; 

I.4293I 


— 

— 1 — 

— 

— 

— 

— 

-30 

1.5260 

1.5049 

1.4861 

1.4697 

I.4551I 

1.4420 

1.4300 

1.4190 

1.4088! — 

— 

— 

— 

— 

-20 

1.53B5i 

1.5166 

1.4979' 

1.4816 

1.4672; 

1.4542 

1.4423: 

1.4314; 

1.4213: 1.4119 

1.4031 

1.3948 

1.3870 

1.3795 

- ID 

1.549B| 

1.5280 

1.5094 

1.4932 

1.4788^ 

1.4659 

1.4542 

1.4434 

1.4334| 1.4241 

1.4154 

1.4072 

1.3994 

1.3921 

0 

1.5608 

1 

1.5391 

1.5206' 

1.5044 

1.4902| 

1.4773' 

1.4656 

1.4549| 

1.4450 1.435s 

1 

1.4272 

' 1.4191 

1.4114 

1.4042 

10 

1.5716 

1.5499 

1.53141 

1.5154 

1.5012: 

1.4884 

1.4768! 

1.46611 

1.4563 1.4472 

1.4386 

1.4306 

1.4230 

1.4158 

20 

1.5B21 

1.5605 

1.5421! 

1.5261 

1 1.5119 

1.4992i 

1.4876 

1.4770 

1.4672' 1.4582 

1.4497 

1 1.4417 

1 1.4342 

1.4270 

30 

1.5925 

1.5708 

1.5525 

1.5365 

1 1.5224 

1.5097 

1.4982 

1.4877 

1.47791 1.4688 

1.4604 

! 1.4525 

1.4450 

1.4380 

40 

1.6026 

1.5810 

1.56271 

1.5467 

i 1.5327 

1.5200 

1.5085 

1.4980 

1.4883 1.4793 

1.4709 

1 1.4630 

1.4556 

1.4486 

50 

1.6125 

1.5910 

1.5727 

1.5568 

1.5427 

1.5301 

1.5l87j 

. 1.5DBZ: 

1.49851 1.4896 

1.4812 

1.4733 

1.4659, 

1.4590 

DO 

1.6223 

1.6008 

1.5825 

1.5666 

' 1.55Z6 

1.5400 

1.5286 

1.51BZ 

1.50851 1.4996 

1.4912 

1.4834 

1.476l' 

1.4691 

70 

1.6319 

1 1.6104 

1.5921 

1.5763 

1.5623! 

1.5497 

1.5383 

1.5279 

1.5183; 1.5094 

1.5011 

i 1.4933 

1.4860 

, 1.4790 

BO 

1.6413 

1 1.6199 

1.6016 

1.5858 

1.5718 

1.5593 

1.5479 

; 1.5375 

1.5279; 1.5191 

I 1.5108 

1.5030 

1.4957 

, 1.4887 

90 

1.6506 

1.6292 

1.6110 

1.5952 

1 1.5812 

! 1.5687| 

1.5573 

i 1.5470 

1.53741 1.5285 

i 1.5203 

: 1.5125 

1.5052 

; 1.4983 

100 

1.6598 

1.6384 

1.6202 

: 1.6044 

1.5904 

1.5779| 

1.5666 

1 1.5562 

1.5467 1.5378 

1.5296 

! 1.5218 

1.5146 

1.5077 

110 

1.66B9 

1.6474 

1.6Z9Z 

I 1.6135 

■ 1.5995 

1.5870 

1.5757 

1 1.5654 

1.5558 1.5470 

1.5388 

' 1.531D 

1.5238 

' 1.5169 

120 

1.6778 

1.6563 

: 1.6382 

i 1.6224 1.6085 

! 1.5960. 

1.5B47i 1.5744 

1.5649 1.5560 

1.5478 

; 1.5401 

1.5328 

; 1.5260 

130 

1.6B65 

1.6651 

! 1.6470 

1.63121 1.6173 

i 1.6049, 

1.5936 1.5833 

i 1.5737, 1.5649 

1.5567 

1.5490 

1.5418 

1.5349 

140 

1.6952 

1.6738 

1.6557 

1.6399 

1.6260 

i 1.6136! 

1.6023: 1.5920 

1 1.5825 1.5737, 1.5655 

1.5578 1.5506 

j 1.5438 

150 

1.7038 

' 1.6824, 1.6643 

1.6485 

1.6346 

1.6222. 

1.6109 

j 1.6006 

1 1.5911 1.5824 

1.5742 

1.5665 

1.5593 

1.5525 

ICK) 

1.7122 

1.6909 1.6727 

1 1.6570 

1.6431 

! 1.6307; 

1.6194 

1 1.6092 

1 1.5997! 1.5909 

1.5827 

1.5750 

1.5678 

1.5610 

170 

1.7206 

1.6992; 1.6811 

: 1.6654 

1.6515 

1.6391 

1.6278 

: 1.6176 

! 1.60811 1.5993 

1.5911 

1.5835 

1.5763 1.5695 

IBO 

1.7289 

1.70751 1.6894 1.6737 

1.6598 

1.6474' 

1.6362 

1.6259 

1.6164 1.6076 

1.5995 

1.5918 1.5846 

1.5778 

190 

— 

— 

— 


— 

I 1.6556 

1.6444 

1.6341 

: 1.6246 1.6159 

1.6077 

1 1.6001 

1 1.5929 

1.5861 

200 

— 

— 

— 

1 — 

— 

: 1.6637 

1.6525 

1.6422 

! 1.6328 1.6240 

1.6158| 1.6DB2 

1.6010 

1 

1.5943 

210 

_ 

_ 

__ 

1 

1 


1 - i 

_ 

1 _ 

— — 

1.6238 

! 1.6162 

1.6090 

' 1.5973 

220 

— 

— 

— 

1 - 

— 

1 _ j 

— 

1 — 

— ! — 

1 1.6318 1.6242| 1.6170 

1.6103 


Pressure in psia Saturation temperature in italics, F 


Temp, 

F 

IB 1 

19 

20 1 

21 1 

22 1 

23 i 

24 

25 1 

26 1 

27 1 

1 28 

29 

30 

1 31 

-20.61 

-18.58 

-16.64 1 

-U.78 1 

- 12.98 1 

-11.25 ; 

-9.68 

-7.96 ! 

-6.39 

-4.87 1 

- 3.40 

-1..97 

-0.67 

+0.79 

[ul aal) 

[1.3787)' 

(1.3742) 

[1.3700) {1..36r,9)' 

[1.3621)' 

[t.S6S4) 

[ 1 . 3549 ) 

[1..'1615) [1.S4S2) 

[1.3461) 

[I.S 42 I) 

[1..3392) 

[1.3364) 

\ [1.3336) 

-20 

1.3795 

_ 

_ 

_ 


_ 

_ 

_ 

_ 

_ 

_ 

— 

— 

— 

-10 

1.3921 

1.3851 

1.3784 

1.3720 

1.3659 

1.3600 

— 

— 

— 

— 

— 

— 

— 

— 

0 

1.4042 

1.3973 

1.3907 

1.3844 

1.3784' 

1.3726 

1.3670 

1.3616 

1.3564 

1.3513 

1.3465 

1.3417 

1.3371 

- 

10 

1.4158 

1.4090 

1.4025 

1.3962 

1.3903 

1.3846 

1.3791 

1.3738 

1.3686 

1.3637 

1.3589 

1.3542 

1.3497 

1.3453 

20 

1.4270 

1.4203 

1.4138 

1.4077 

1.4018; 

1.396ll 

1.3907 

1.38551 

1.3804 

1.3755 

1.370B 

1.3562 

1.3618 

1.3574 

30 

1.4380 

1.4312 

1.4Z48 

1.4187 

1.4129 

1.4073 

1 1.4019 

1.3967 

1 1.3917 

1.3869 

1.3822 

1.3777 

1.3733 

1.3691 

40 

1.4486 

1.4419 

1.4356 

1.4295 

1,4237 

1.4181 

i 1.41ZB 

1.4077 

1 1.4DZ7 

1.3979 

1.3933 

1.3BBB 

1.3845 

1.3803 

50 

1.4590 

1.4523 

1.4460 

1.4400 

1.4342 

1.4287 

1.4234 

1.4183^ 

1.4134 

1.4D87 

1.4041 

1.3996 

1.3953 

1.3912 

60 

1.4691 

1.4625 

1.4562 

1.4502 

1.4445 

1.4390 

1.4337 

1.4287 

1.4Z3B 

1.4191 

1.4145 

1.4101 

1.4D59 

1.4017 

70 

1.4790 

1.4724 

1.4662 

1.4602 

1.4545 

; 1.4491 

1.4438 

1.4388 

! 1 . 4339 ; 

1.4292 

1.4247 

1.4204 

1.4161 

1.4120 

80 

1.4887 

1.4822 

1.4760 

1.4700 

1.4643 

! 1.4589 

1.4537 

1.4487 

1.4439 

1.4392 

1.4347 

1.4304 

1.4261 

1.4221 

90 

1.4983 

1.4918 

1.4856 

i 1.4796 

1.4740 

1 1.4686 

1.4634 

; 1.4584 

1.4536 

1.4489 

1.4445 

I. 44 O 1 I 

1.4359 

i 1.4319 

100 

1.5077 

1.5012 1.4950 

1.4891 

1.4834 

1.4780 

1.4729 

. 1.4679 

1.4631 

1.4585 

1 1.4540 

1.4497. 

1.4456 

1.4415 

110 

1.5169 

1.5104 

' 1.5042 

1.4983 

1.49Z7 

1.4873 

1.482Z 

! 1.4772 

1.4725 

1.4679 

1.4634 

1.4591 

1.4550 

1.4510 

120 

1.5260 1.5195 

i 1.5133 

1.5075 

! 1.5019 

1.4965 

1.4914 

1 1.4864 

j 1.4817 

1.4771 

1.4726 

1.4684 

1.4642 

1 1.4602 

130 

1.5349 

1.5285 

1.5223 

1 1.5165 

1.5109 

1.5055 

1.5004 

1 1.4954 

1.4907 

1 1.4861 

1 1.4817 

1.4775 

I 1.4733 

! 1.4693 

140 

1.5438 

! 1.5373 

! 1.5312 

' 1.5253 

1.5197 

1.5144 

1.5093 

1 1.5043 

1.4996 

! 1.4950 

i 1.4906 

1.4864 

1 1.4823 

1.4783 

150 

1.5525 

j 1.546U 

1.5399 1.5340 

j 1.5285 

1.5231 

1 1.5180 

, 1.5131 

1.5084 

I 1.5D38 

! 1.4994 

1.4952 

1.4911 

1.4871 

160 

1.5610 

1.5546 

1.5485 

1.5426 

1.5371 

1.5317 

I 1.5Z66 

1.5217 

1.517D 

1.5125 

: 1.5081 

1.5039 

1.4998 

1.4958 

170 

1.5695' 1.5631 

1 1.5569 

1.5510 

1.5456 

1.5402! 1.5352 

1.5303 

1.5256 

1.5210 

1.5167 

1 1.5124 

1.5083 

1.5044 

180 

1.5778 

1.5714 

I 1.5653 1.5595 

1.5539 

1.5486 

1.5436 

1.5387 

1.5340 

; 1.52951 1.5251 

1.5209 

j 1.5168 

1.5129 

190 

1.5861 

1 1.5797 

: 1.5736 

1.5678 

1.5622 

1.5569 

1 1.5518 

1.5470 

1.5423 

! 1.5378; 1.5334 

! 1.5292 

! 1.5251 

1.5212 

200 

1.5943 

, 1.5878 

1.5817 

1 J.5759 

1.5704 

1.5651 

1 1.5600 

1.5552 

1.5505 

1.5460 

1.5416 

! 1.5374 

1 1.5334 

1.5294 

210 

1.6023 

1.5959 

1.5898; 1.5839 

1.5785 

1.5732 

1.5681 

1.5633 

1.5586 

1.5541 

1.5497 

1.5455 

1.5415 

1.5375 

220 

1.6103 

! 1.6039 

1.5978 1.5920 

1.5865 

1.5812 

1.5761 

1.5713 

' 1.5666 

1.5621 

1.5578 

1.5536 

1 . 5495 : 1.5456 

230 

— 

1 

1.6057 

I 1.5999 

1.59441 1.5891 

1.5840 

i 1.5792: 1.5745 

1.5680 

1.5657 

1.5615 

1 1.5574 

1.5535 

240 

— 

1 — 

1.6135 

1.6077 

1.6022 

1.5969 

1.5919 

1.5870 

1.5824 

1.5779 

1 1.5736 

1.5694 

1.5653 

1.5614 

250 

— 

! _ 

—- 

— 

— 

— 

— 

1.5948 

1.5901 

1 

1.5856 

1.5813 

1.5771 

1.5731 

1.5692 

260 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

1.6025 

' 1.5978 

1.5933 

' 1.5890 

1.5848 

1.5808 

1.5769 

270 

— 

— 

— 

— 

1 — 

— 

— 

— 





1.5BB4 

1.5845 

280 

— 

— 

— 

— 

[ — 

— 

— 

— 





1.5960 

1.5021 
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1. Ammonia—Entropy of Superheated Vapor (Btu/lb F from —40 F) (Continued) 

PresBure in paid SatuTEitioa temperature in italica, F 

'emp. 

F 

31 

3Z 

33 

34 

35 

36 

37 

3B 

39 

40 

42 

44 

46 

40 


0.79 

2.11 

uo 

4.G6 

6.3,9 

7.09 

8.27 

9.42 

10.65 

11.66 

13.81 

IB.SS 

17.87 

19.80 

il sal) 

U.3336) 

{1.3310) 

{1.32 SB) 

{1.32G0) {1.3236) 

{1.321.3) 

{1.3190)'{1.316S) 

{1.3146) 

{1.3125) 

{1.3084) 

{1.3046) {1.3009) 

[1.2973) 

10 

1.3453 

1.3411 

1.3369 

1.3328 

1.32B9 

1.3250 

1.3212 

1.3175 

_ 


_ 


- 

— 

20 

1.3574 

1.3532 

1.3492 

1.3452 

1.3413 

1.3375 

1.3338 

1.3301 

1.3266 

1.3231 

1.3164 

1.3099 

1.3036 

1.2976 

3D 

1.3691 

1.3649 

1.3609 

1.3570 

1.3532 

1.3494 

1.3458 

1.3422 

1.3387 

1.3353 

1.3287 

1.3224 

1.3162 

1.3103 

40 

1.3B03 

1.3762 

1.3722 

1.36B4 

1.3646 

1.3609 

1.3573 

1.3538 

1.3504 

1.3470 

1.3405 

1.3343 

1.3283 

1.3225 

50 

1.3912 

1.3B71 

1.3832 

1.3793 

1.3756 

1.3720 

1.3684 

1.3650 

1.3616 

1.3583 

1.3519 

1.3457 

1.3398 

1.3341 

60 

1.4017 

1.3977 

1.393B 

1.3900 

1.3B63 

1.3827 

1.3792 

1.3758 

1.3724 

1.3692 

1.3628 

1.3567 

1.3509 

1.3453 

70 

1.4120 

1.4080 

1.4042 

1.4004 

1.3967 

1.3932 

1.3897 

1.3863 

1.3830 

1.3797 

1.3734 

1.3674 

1.3617 

1.3561 

BO 

1.4221 

1.41B1 

1.4143 

1.4105 

1.4069 

1.4033 

1.3999 

1.3965 

1.3932 

1.3900 

1.3838 

1.377B 

1.3721 

1.3666 

go 

1.4319 

1.4280 

1.4241 

1.4204 

1.4168 

1.4133 

1.4098 

1.4065 

1.4032 

1.4000 

1.3939 

1.3880 

1.3823 

1.3768 

IDO 

1.4415 

1.4376 

1.4338 

1.4301 

1.4265 

1.4230 

1.4196 

1.4163 

1.4130 

1.4098 

1.4037 

1.3978 

1.3922 

1.3868 

110 

1.4510 

1.4470 

1.4433 

1.4396 

1.4360 

1.4325 

1.4291 

1.4258 

1.4226 

1.4194 

1.4133 

1.4075 

1.4019 

1.3965 

120 

1.4602 

1.4563 

1.4526 

1.44B9 

1.4453 

1.4419 

1.4385 

1.4352 

1.4320 

1.4288 

1.4228 

1.4170 

1.4114 

1.4061 

130 

1.4693 

1.4655 

1.4617 

1.4581 

1.4545 

1.4510 

1.4477 

1.4444 

1.4412 

1.43B1 

1.4320 

1.4263 

1.4207 

1.4154 

140 

1.47B3 

1.4744 

1.4707 

1.4671 

1.4635 

1.4601 

1.4567 

1.4534 

1.4503 

1.4471 

1.4411 

1.4354 

1.4299 

1.4246 

150 

1.4871 

1.4B33 

1.4795 

1.4759 

1.4724 

1.4689 

1.4656 

1.4623 

1.4592 

1.4561 

1.4501 

1.4444 

1.4389 

1.4336 

160 

1.495B 

1.4920 

1.4BB3 

1.4B46 

1.4B11 

1.4777 

1.4744 

1.4711 

1.4679 

1.4648 

1.4589 

1.4532 

1.4477 

1.4425 

170 

1.5044 

1.5006 

1.4968 

1.4932 

1.4897 

1.4863 

1.4830 

1.4797 

1.4766 

1.4735 

1.4676 

1.4619 

1.4564 

1.4512 

IBD 

1.5129 

1.5090 

1.5053 

1.5017 

1.4982 

1.4948 

1.4915 

1.4883 

1.4851 

1.4820 

1.4761 

1.4704 

1.4650 

1.4598 

IQO 

1.5212 

1.5174 

1.5137 

1.5101 

1.5066 

1.5032 

1.4999 

1.4966 

1.4935 

1.4904 

1.4845 

1.4789 

1.4735 

1.4683 

200 

1.5294 

1.5256 

1.5219 

1.5183 

1.5148 

1.5115 

1.5082 

1.5049 

1.5018 

1.4987 

1.4928 

1.4872 

1.4818 

1.4766 

210 

1.5375 

1.5337 

1.5300 

1.5265 

1.5230 

1.5196 

1.5163 

1.5131 

1.5100 

1.5069 

1.5010 

1.4954 

1.4900 

1.4848 

220 

1.5456 

1.5418 

1.5381 

1.5346 

1.5311 

1.5277 

1.5244 

1.5212 

1.5181 

1.5150 

1.5091 

1.5035 

1.4981 

1.4930 

230 

1.5535 

1.5497 

1.5461 

1.5425 

1.5390 

1.5357 

1.5324 

1.5292 

1.5261 

1.5230 

1.5171 

1.5115 

1.5061 

1.5010 

240 

1.5614 

1.5576 

1.5540 

1.5504 

1.5469 

1.5436 

1.54D3 

1.5371 

1.5340 

1.5309 

1.5251 

1.5195 

1.5141 

1.5090 

250 

1.5692 

1.5654 

1.5619 

1.5582 

1.5547 

1.5514 

1.54B1 

1.5449 

1.5418 

1.5387 

1.5329 

1,5273 

1.5219 

1.5168 

260 

1.5769 

1.5731 

1.5695 

1.5659 

1.5624 

1.5591 

1.5558 

1.5526 

1.5495 

1.5465 

1.5406 

1.5350 

1.5297 

1.5246 

270 

1.5B45 

1.5757 

1.5721 

1.5735 

1.5700 

1.5667 

1.5634 

1.5602 

1.5571 

1.5541 

1.5483 

1.5427 

1.5374 

1.5323 

2 H0 

1.5921 

1.5BB3 

1.5846 

1.5B11 

1.5776 

1.5743 

1.5710 

1.5678 

1.5647 

1.5617 

1.5559 

1.5503 

1.5450 

1.5399 

260 

_ 


— 


_ 

__ 

_ 


— 

1.5692 

1.5634 

1.5578 

1.5525 

1.5474 

300 



Pressure in 

psia 




— i 1.57661 1.5708 

1 

Saturation temperature i 

1.5652 

a italics, 

1.55W 

F 

1.5548 

Temp, 

F 

48 

50 

52 

54 

56 

58 

60 

62 

64 

66 

68 

70 

75 

80 


19.S0 

SJ.G7 

23.4S 

26.23 

26.94 

28.59 

30.21 

31.78 

33.31 

34.61 

36.27 

37.70 

41.13 

44.40 

(fit srjl) 

{1.S97S) 

{1.SD3.9) 

{I.290G) 

(1.2S76) 

{i.2S44) 

{1.2S16) 

{1.2767) 

{1.2769) 

{1.2733) 

{L2707) 

{1.2682) 

{1.2668) 

{1.2699) 

{1.2646) 

20 

1.2976 

_ 

_ 


_ 

_ 

_ 

_ 

— 


— 

— 

— 

— 

30 

1.3103 

1.3046 

1.2991 

1.2937 

1.2884 

1.2834 

— 

— 

— 

— 

— 

— 

— 

— 

40 

1.3225 

1.3169 

1.3114 

1.3062 

1 1.3011 

1.2961 

1.2913 

1.2866 

1.2820 

1.2775 

1.2731 

1.2688 

— 

— 

50 

1.3341 

1.3268 

1.3233 

1.3181 

1.3131 

1.3082 

1.3035 

1.2989 

1.2944 

1.2900 

1.2858 

1.2816 

1.2715 

1.2619 

60 

1.3453 

1.3399 

1.3346 

1.3295 

1 1.3246 

1.3199 

1.3152 

1.3107 

1.3063 

1.3020 

1.2978 

1.2937 

1.2839 

1.2745 

70 

1.3561 

1.3508 

1.3456 

1.3406 

1.3357 

1.3310 

: 1.3265 

1.3220 

1.3177 

1.3135 

1.3094 

1.3054 

1.2957 

; 1.2866 

BO 

1.3666 

1.3613 

1.3562 

1.3513 

! 1.3465 

1.3418 

1.3373 

1.3330 

1.3287 

1.3245 

1.3205 

1.3166 

1.3071 

1.2981 

90 

1.376B 

1.3716 

1.3665 

1.3616 

1.3569 

1.3523 

1.3479 

1.3435 

1.3393 

1.3352 

1.3312 

1.3274 

1.3180 

1.3092 

100 

1.3B6B 

1.3816 

1.3766 

1.3717 

1.3670 

1.3625 

1.3581 

1.3538 

1.3496 

1.3456 

1.3417 

1.3378 

1.3286 

1.3199 

110 

1.3965 

1.3914 

1.3864 

1.3816 

1.3769 

1.3724 

1.3681 

1.3638 

1.3597 

1.3557 

1.3518 

1,3480 

1.3389 

1.3303 

120 

1.4061 

1.4009 

1.3960 

1.3912 

1.3866 

1.3821 

1.3778 

1.3736 

1.3695 

1.3655 

1.3617 

1.3579 

1 1.3489 

1.3404 

130 

1.4154 

1.4103 

1.4054 

1.4006 

1.3961 

1.3916 

1.3873 

: 1.3831 

1,3791 

1.3751 

1.3713 

1.3676 

1 1.3586 

1.3502 

140 

1.4246 

1.4195 

1.4146 

1.4099 

1.4053 

1.4009 

1.3966 

1 1.3925 

1.3885 

1.3846 

1.3807 

1.3770 

1 1.36B2i 

1.3598 

150 

1.4336 

1.4286 

1.4237 

1.4190 

1.4144 

1.4100 

. 1.4058 

! 1.4017 

1.3977 

1.3938 

1.3900 

1.3863 

1.3775 

1.3692 

160 

1.4425 

' 1.4374 

1.4326 

1.4279 

1.4234 

1.4190 

1.414B 

1.4107 

1.4067 

1.4028 

1.3991 

1.3954 

' 1.3866 

1.3784 

170 

1.4512 

, 1.4462 

1.4413 

1.4367 

1 1.4322 

1.4278 

1.4236 

1.4195 

1.4156 

1.4117 

1.4080 

' 1.4043 

1 1.3956: 

1.3874 

IBO 

1.459B 

1.454B 

1.4500 

1.4453 

; 1.4408 

1.4365 

1.4323 

1.4282 

1.4243 

1.4205 

1.4167 

1 1.4131 

i 1.4044 

1.3963 

190 

1.46B3 

1.4633 

1.4585 

1.4538 

1.4494 

! 1.4450 

1.4409 

1.4368 

1.4329 

1.4291 

1.4254 

i 1.4217 

1 1.41311 

1.4050 

200 

1.4766 

: 1.4716 

1 

1.4668 

1.4622 

1.4578 

: 1.4535 

1.4493 

. 1.4453 

1.4413 

1.4375 

1.4338 

1.4302 

1 1.4217 

1.4136 

210 

1.4B4B 

1.4799 

1.4751 

1.4705 

1.4661 

1.4618 

1.4576 

1.4536 

1.4497 

1.4459 

1.4422 

! 1.4386 

* 1.4301 

1.4220 

220 

1.4930 

1.48B0 

1.4B33 

1.47B7 

1.4743 

1 1.4700 

1.4658 

1.4618 

1.4579 

1.4541 

1.4505 

; 1.4469 

1.4384 

1.4304 

230 

1.5010 

1.4960 

1.4913 

1.4B67 

1.4823 

! 1.4780 

1.4739 

1.4699 

1.4660 

1.4623 

1.4586 

! 1.4550 

1.4466 

1,4386 

240 

1.5090 

' 1.5040 

1.4993 

1.4947 

1.4903 

1 1.4860 

1.4819 

1.4779 

1.4741 

1.4703 

1.4666 

1.4631 

i 1.4546 

1.4467 

250 

1.516B 

1.5119 

1.5071 

1.5026 

. 1.4982 

1 1.4939 

; 1.4898 

1.4858 

1.4820 

1.47B2 

1.4745 

1.4710 

1.4625 

1.4547 

260 

1.5246 

^ 1.5197 

1.5149 

1.5104 

1.5060 

1.5017 

1 1.4976 

1.4937 

1.4898 

1.4861 

1.4824 

* 1.4789 

1.4705 

1.4626 

270 

1.5323 

; 1.5274 

1.5226 

1.5181 

1.5137 

1 1.5094 

1.5053 

1.5014 

1.4975 

1.4938 

1.4902 

I 1.4866 

1.4783 

1.4704 

2ao 

1.5399 

' 1.5350 

1.5303 

1.5257 

1.5213 

1 1.5171 

1.5130 

1.5091 

1.5052 

1.5015 

1.4979 

! 1.4943 

1.4860 

1.4781 

260 

1.5474 

1 1.5425 

1.5378 

1.5332 

i 1.5289 

1.5246 

1.5206 

1.5116 

1.5128 

1.5091 

1.5055 

1.5019 

1.4936 

1.4857 

300 

1.554B 

1.55O0 

1.5453 

1.5407 

1 1.5364 

1.5321 

1.5281 

1.5241 

1.5203 

1.5166 

1.5130 

1.5095 

1.5011 

1.4933 
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PART II. TABLES 


Table 4. Ammonia—Entropy of Superheated Vapor (Btu/lb F from -40 F) (Continued) 


PreiiUTB in psU Saturation temperature in italice, F 


Temp, 

F 

BO 

85 

90 

95 

100 

105 

110 

115 

120 

125 

130 

135 

140 

145 


U40 

47.60 

60.47 

6S.3S 

66.06 

68.67 

61.21 

65.66 

66.02 

68.51 

70.65 

72.69 

74.79 

76.83 

(a/ «b/) 


UM04) 


{1.2599) 

[1.2336) 

[1.2914) 

[1.2276) 

1.2257) 

[1.2201) 

[1.2166) 

[1.2152) 

[1.2100) 

U.20G8) 

[1.2098) 

50 

1.2619 

1.2527 

- 

- 

- 

- 

— 

— 

— 

— 

— 

— 

— 

— 

60 

1.2745 

1.2656 

1.2571 

1.2489 

1.2409 

1.2332 

_ 

_ 

_ 






70 

1.2B66 

1.2779 

1.2695 

1.2616 

1.2539 

1.2464 

1.2392 

1.2323 

1.2255 

1.2189 

_ 

_ 

_ 

_ 

BO 

1.2981 

1.2B96 

1.2814 

1.2736 

1.2661 

1.2589 

1.2519 

1.2451 

1.2386 

1.2322 

1.2660 

1.2199 

1.2140 

1.2082 

VO 

1.3092 

1.3008 

1.2928 

1.2852 

1.2778 

1.2708 

1.2640 

1.2574 

1.2510 

1.2448 

1.2388 

1.2329 

1.2272 

1.2216 

100 

1.3199 

1.3117 

1,3038 

1.2963 

1.2891 

1.2822 

1.2755 

1.2690 

1.2628 

1.2568 

1.2509 

1.2452 

1.2396 

1.2342 

110 

1.3303 

1.3221 

1.3144 

1.3070 

1.2999 

1.2931 

1.2866 

1.2802 

1.2741 

1.2682 

1.2625 

1.2569 

1.2515 

1.2462 

120 

1,3404 

1.3323 

1.3247 

1.3174 

1.3104 

1.3037 

1.2972 

1.2910 

1.2850 

1.2792 

1.2736 

1.2681 

1.2628 

1.2577 

130 

1.3502 

1.3422 

1.3347 

1.3275 

1.3206 

1.3139 

1.3076 

1.3015 

1.2956 

1.2899 

1.2843 

1.2790 

1.2738 

1.2687 

140 

1.359B 

1.3519 

1.3444 

1.3373 

1.3305 

1.3239 

1.3176 

1.3116 

1.3058 

1.3002 

1.2947 

1.2894 

1.2843 

1.2793 

150 

1.3692 

1.3614 

1.3539 

1.3469 

1.3401 

1.3336 

1.3274 

1.3215 

1.3157 

1.3102 

1.3048 

1.2996 

1.2945 

1.2896 

160 

1.37B4 

1.3706 

1.3633 

1.3562 

1.3495 

1.3431 

1.3370 

; 1.3311 

1.3254^ 

1.3199 

1.3146 

1.3094 

1.3045 

1.2996 

170 

1.3H74 

1.3797 

1.3724 

1.3654 

1.3588 

1.35211 

1.3463 

! 1.3405 

1.3348 

1 1.3294 

1,32411 

1.3191 

1.3141 

1.3093 

IBO 

1.3963 

1.3BB6 

1.3813 

1.3744 

1.3678 

1.3615 

1.3555 

1.3497 

1.3441 

1 1.3387 

1.33351 

1.3284 

1.3236' 

1.3188 

190 

1.4O50 

1.3974 

1.3901 

1.3833 

1.3767 

1.3704 

1.3644 

1.3587: 

1.3531 

1.3478 

1.3426 

1.3376 

1.3328' 

1.3281 

220 

1.4136 

1.4060 

1.3988 

1.3919 

1.3854 

1.3792| 

1 1.3732 

1.3675' 

1.3620 

1.3567 

1.3516 

1.3466 

1.3418 

1.3372 

210 

1.4220 

1.4145 

1.4073 

1.4005 

1.3940 

1.3878' 

1.3819 

1.3762 

1.3707 

1.3654 

1.3604 

1.3554 

1.3507 

1.3461 

220 

1.4304 

1.422B 

1.4157 

1.4089 

1.4024 

1.3963 

1.3904 

1.3847 

1.3793 

1.3740 

1.3690 

1.3641 

1.3594 

1.3548 

230 

1.43B6 

1.4311 

1.4239 

1.4172 

1.4108 

1.4046 

1.3988 

1.39311 

1.3877 

1.3825 

1.3775 

1.3726 

1.3670 

1.3634 

240 

1.4467 

1.4392 

1.4321 

1.4254 

1.4190 

1.4129 

1.4070 

1.4014' 

1.3960 

1.3908 

1.3858 

1.3810 

1.3763 

1.3718 

250 

1.4547 

1.4472 

1.4401 

1.4334 

1.4271 

1.4210 

1.4151 

1.4096 

1.4042 

1.3990 

1.3941 

1.3893 

1.3846 

1 

1.3801 

260 

1,4626 

1.4551 

1.4481 

1.4414 

1.4350 

1.4290 

1.4232 

1.4176 

1.4123 

1.4071 

1.4022 

1.3974 

1 

1.39281 

1.3883 

270 

1.4704 

1.4629 

1.45S9 

1,4492 

1.4429 

1.4369! 

1.4311 

1.4256 

1.42021 

1.4151 

1.4102 

1.4054 

1.4008 

1 3964 

2B0 

1.47B1 

1.4707 

1.4637 

1.4570 

1.4507 

1.4447| 

1.4389 

1.4334 

1.4281! 

1.4230 

1.41811 

1.4133 

1.4088 

1.4043 

290 

1.4B57 

1.4783 

1.4713 

1.4647 

1.4584 

1.4524' 

1.4466j 

1.4411 

1.43591 

1.4308 

1.4259 

1.4212 

1.4166 

1,4122 

300 

1.4933 

1.4859 

1.4789 

1.4723 

1.4660 

1.4600 

1.4543; 

1.4488 

1.4435 

1.4385 

1.4336 

1 

1.4289 

1.4243 

1.4199 

320 

- 


- 

- 

! 

- i 

1 

- 1 

- 1 


1.4536 

1.4487 

1.4441 

1.4395 

1.4352 






Table 4. Ammania—Eotrcpy of Superheated Vapor (Btu/lb F from —40 F) (Concluded) 
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7. REFRIGERANT TABLES AND CHARTS 
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Table 5. Butane (Normal)~Properties of Liquid and Saturated Vapor 

(Enthalpies and entropies are referred to saturated liquid at —200 F where the values are zero. 
Refer to Chart 2 for enthalpies and entropies of superheated butane vapor.) 


Temp 

F 

i 

PreSBuret 

Liquid 

dBiiBitjrt 

Vapor. 

Bp vol 

Enthalpy++ Btu per lb 

^ Entropy** Btu per lb F 

pBla 

psig 

lb per cu ft 

1/vj 

cu It per lb 

Liquid 

V 

Vapor 

hg 

Liquid 

V 

Vapor 

Bg 

D 

7.3 

*15.0 

38.59 

11.1 

103.B 

275.3 

D.2Z6 

0.572 

5 

8.2 

*13.2 

38.41 

9.98 

106.2 

276.9 

0.231 

0.572 

10 

9.2 

*11.1 

38.24 

8.95 

108.8 

278.5 

0.236 

0.574 

15 

10.4 

*8.8 

38.07 

8.05 

111.5 

2 SD.0 

0.242 

0.571 

ZO 

11.6 

+6.3 

37.89 

7.23 

114.0 

281.6 

0.248 

0.571 

25 

13.0 

+3.6 

37.72 

6.55 

116.7 

283. L 

0.254 

0.571 

30 

14.4 

*0.6 

37.54 

5.90 

119.2 

284.9 

0.260 

0.571 

35 

16.0 

1.3 

yi.yj 

5.37 

121.8 

286.4 

0.264 

0.571 

40 

17.7 

3.0 

37.19 

4.77 

124.2 

288.0 

0.270 

0.571 

45 

19.6 

4.9 

37.00 

4.47 

126.8 

289.5 

0.276 

0.571 

50 

21.6 

6.9 

36.82 

4.07 

129.6 

291.2 

0.282 

0.571 

55 

23.8 

9.1 

36.63 

3.73 

132.1 

292.7 

0.287 

0.570 

60 

26.3 

11.6 

36.45 

3.40 

134.8 

294.2 

0.293 

0.570 

65 

28.9 

14.2 

36.24 

3.12 

137.3 

295.9 

0.298 

0.570 

70 

31.6 

16.9 

36.06 

2.98 

140.1 

297.5 

D.3D4 

0.570 

75 

34.5 

19.8 

35.86 

2.65 

142.6 

298.9 

O.JID 

0.570 

80 

37.6 

22.9 

35.65 

2.46 

145.0 

300.3 

0.315 

0.570 

85 

40.9 

26.2 

35.45 

2.28 

147.8 

302.0 

0.322 

0.570 

90 

44.5 

29.8 

35.24 i 

2.10 

150.5 

303.5 

D.325 

0.571 

95 

48.2 

33.5 

35.04 

1.95 

153.1 

3d5.0 

0 332 

0.571 

100 

52.2 

! 37.5 

34.84 

1.81 

156.2 

300.7 

0.340 

0.571 

105 

56.4 

41.7 

34.62 

1.70 

159.1 

308.1 

0.346 

0.572 

110 

60.8 

46.1 

34.41 

1.58 

161.9 

309.5 

0.352 

0.572 

115 

65.6 

! 50.9 

34.19 

1.48 

165.0 1 

3i l.l 

0.359 

0.572 

120 

70.8 

56.1 

33.96 

1.37 j 

167.8 1 

312.7 

0.365 

0.572 

125 

76.0 

61.3 

33.77 

1.28 

171.0 

M4.0 

0.372 

0.573 

130 

81.4 

66.7 i 

33.56 

1.19 

174.0 

315.5 

0.378 

0.573 

135 

87.0 

72.3 i 

33.34 

l.U ! 

177.1 

317.D 

0.385 

0.573 

140 

92.6 

77.9 ! 

33,14 

1.04 

179.9 

318.2 

0.391 

0.574 

145 

100.0 

85.3 1 

32.92 

0.965 

183.1 

319.5 

D.39B 

0.574 

150 

108.0 

93.7 

32.70 

0.897 

186.5 

321.0 

0.4D5 

0.574 

155 

115.0 

100.3 

32.43 

0.840 

189.3 

322.3 

D.411 

0.574 

160 

122.0 

107.3 

32.15 

0.785 

192.7 

323.8 

0.418 

0.575 

165 

130.0 

115.3 

31.90 

0.733 

195.B 

325.0 

0.425 

0.575 

170 

140.0 1 

125.3 

31.62 

0.687 

199.2 

326.1 

0.433 

0.575 

175 

150.0 

135.3 

31.36 

0.643 

202.1 1 

327.2 

0.439 

0.575 

180 1 

160.0 

145.3 

31.10 

0.602 

205.0 1 

328.4 

0.445 

0.575 


t TiaH<!il Dll material from Daiiii Ji'iikirifl. Purdick aiul Timin, publiBheil nriKinJiHy in HrfriufralinQ Phiifinrrrinui .Tuiin, 
lHUii, vnl. 12. no. 12, page 402. 

* liii'liOB of morcury below onft Hhandanl atmoRphnrD (20.02 in.). 

** From Mollinr l)ia|rrainH for Butani*, W. (J. PklmiHtor. Slsinikird Oil Co. (InJiuna). 
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Table 6. Carbon Dioxide—Properties of Solid, Liquid and Saturated Vapor 


Temp 

F 

t 

PreBBure 

Specific Volume 
cu ft per lb 

Enthalpy, 
datum -40 F 

Btu per lb 

Entropy, 
datum —40 F 
Btu per lb F 

pBia 

PBlg 

SdHI or 
liquid 

Vi or vf 

Vapor 

Vg 

Solid or 
liquid 
?ii or hf 

Vapor 

hg 

Solid or 
liquid 

Vapor 

-147 

2.14 

25.56* 

0.01004 

35.80 

-123.3 

128.2 

__ 

-.3214 

+ .4832 

-145 

2.43 

24.97* 

0.01005 

32.40 

-122.8 

128.5 

-.1396 

.4792 

-140 

3.19 

23.41* 

0.01007 

24.50 

-121.4 

129.3 

- .3153 

.4691 

-135 

4.16 

21.43* 

0.01009 

18.70 

-120.1 

130.0 

-.3110 

.4593 

-130 

5.39 

18.92* 

0.01012 

14.74 

-118.7 

130.7 

-.3068 

.4500 

-125 

6.98 

15.68* 

0.01015 

11.56 

-117.4 

131.3 

-.3027 

.4409 

-120 

B.B5 

11.87* 

0.01018 

9.13 

-116.0 

132.1 

-.2986 

.4318 

-115 

11.20 

7 08* 

0,01022 

7.27 

- 114.3 

132.7 

-.2944 

.4230 

-no 

14.22 

0.92* 

0.01024 

5.85 

-113.1 

133.3 

-.2904 

.4145 

-109.4 

14.67 

0.00 

0.01025 

5.69 

-112.9 

133.4 

-.2898 

.4134 

-!05 

17.80 

3.13 

0.01028 

4.72 

-111.5 

133.9 

-.2860 

.4062 

-100 

22.34 

7.67 

0.01032 

3.80 

-110.0 

134.4 

-.2815 

.3981 

- 95 

27.63 

12.96 

0.01036 

3.09 

-108.3 

134.9 

- . 2768 

.3902 

- 90 

34.05 

19.38 

0.01040 

2.52 

-106.5 

135.3 

-.2720 

.3822 

- B5 

41.67 

27.00 

0.01044 

2.07 

-104.5 

135.6 

-.2667 

.3742 

- 80 

50.70 

36.03 

0.01049 

1.70 

-102.3 

135.8 

-.2610 

.3665 

- 79 

52.80 

38.13 

0.01050 

1.63 

-101.9 

135.8 

-.2599 

.3649 

- 78 

55.00 

40.33 

0.01051 

1.56 

-101.4 

135 9 

- .2587 

.3633 

- 77 

57.20 

42.53 

0.01052 

1.51 

-101.0 

135.9 

-.2575 

.3617 

- 76 

59.44 

44.77 

0.01053 

1.46 

-100.5 

135.9 

-.2563 

.3601 

- 75 

61.75 

47.08 

0.01054 

1.40 

-100.1 

135.9 

- 2551 

.3585 

- 74 

64.25 

49.58 

0.01055 

1.35 

- 99.7 

135.9 

- .2539 

.3570 

- 73 

66.75 

52.08 

0.01056 

1.30 

- 99.2 

135.9 

- .2528 

.3554 

- 72 

69.40 

54.73 

0.01057 

1.25 

- 98.8 

136.0 

-.2516 

.3539 

- 71 

72.10 

57.43 

0.01058 

1.21 

- 98.4 

136.0 

- .2505 

.3523 

- 70 

74.90 

60.23 

0.01059 

1.17 

- 98.0 

136.0 

-.2494 

.3508 

- 69.9 

75.1 

60.4 

0.01059 

1.16 

- 97.8 

136.0 

-.2493 

.3506 


Triple Point 


69.9 

75.1 

60.4 

0.0L360 

1.1570 

- 13.7 

136.0 

-.0333 

.3506 

68 

78.59 

63.92 

0.01363 

1.1095 

- 12.8 

136.2 

-.0312 

.3491 

66 

82.42 

67.75 

0.01369 

1.0590 

- 11.9 

136.3 

-.0200 

.3475 

64 

86.39 

71.72 

0.01373 

1.0100 

- 10.9 

136.4 

-.0266 

.3460 

62 

90.49 

75.82 

0.01378 

0.9650 

- 10.1 

136.6 

-.0243 

.3444 

60 

94.75 

80.08 

0.01384 

0.9520 

- 9.1 

136.7 

-.0221 

.3429 

58 

99.15 

84.48 

0.01389 

0.8875 

- 8.2 

136.8 

-.0198 

.3413 

56 

103.69 

89.02 

0.01393 

0.8520 

- 7.3 

137.0 

- .0175 

.3398 

54 

108.40 

93.73 

0.01398 

O.BIBD 

- 6.4 

137.1 

-.0153 

.3383 

52 

113.25 

98.58 

0.D14D3 

0.7840 

- 5.5 

137.2 

-.0131 

.3368 

50 

118.27 

103.60 

0.01409 

0.75D0 

- 4.6 

137.3 

-.0109 

.3354 

48 

123.45 

108.78 

0.01414 

0.7200 

- 3.6 

137.5 

- .0087 

.3339 

46 

128.80 

114.13 

0.0’1419 

0.6930 

- 2.7 

137.6 

- .0065 

.3325 

44 

134.31 

119.64 

0.01425 

D.666D 

- 1.8 

137.7 

-.0043 

.3311 

42 

140.00 

125.33 

0.01430 

0.6380 

- 0.9 

137.8 

-.0021 

.3297 

40 

145.87 

131.20 

0.01437 

0.6113 

0.0 

137.9 

.0000 

.3285 

38 

151.92 

137.25 

0.01142 

0.5880 

H 1.0 

138.0 

+ .0022 

.3271 

36 

158.15 

143.48 

0.01447 

0.5650 

1.9 

138.1 

.0043 

.3258 

34 

164.56 

149.89 

0.01454 

0.5420 

2.8 

138.2 

.0065 

.3245 

32 

171.17 

156.50 

0.01458 

0.5210 

3.8 

138.3 

.0085 

.3232 

30 

177.97 

163.30 

0.01465 

0.5025 

4.7 

138.3 

.0106 

.3219 

28 

184.97 

170.30 

0.01472 

0.4845 

5.6 

138.4 

.0126 

.3205 

26 

192.17 

177.50 

0.D147B 

0.4670 

6.5 

138.5 

.0147 

.3193 

24 

199.57 

184.90 

0.01485 

0.4500 

7.4 

138.6 

.0168 

.3180 

22 

207.19 

192.58 

0.D1491 

0.4325 

8.3 

138.6 

.0190 

.3167 

20 

215.02 

200.35 

0.01498 

0.4165 

9.2 

138.7 

.0210 

.3155 

18 

223.06 

208.39 

0.01504 

0.4015 

10.3 

13B.7 

.0231 

.3142 

16 

231.32 

216.65 

0.01511 

0.3865 

11.2 

138.8 

.0252 

.3130 

14 

239.81 

225.14 

D.01518 

0.3725 

12.1 

138.8 

.0272 

.3117 

12 

248.52 

233.85 

0.015Z5 

0.3590 

12.9 

138.B 

.0293 

.3104 

10 

257.46 

242.79 

0.01533 

D.3465 

13.9 

138.9 

.0314 

.3091 

8 

266.63 

251.96 

0.01540 

.3345 

15.0 

138.9 

.0335 

.3079 

6 

276.05 

261.38 

0.01547 

.3228 

15.9 

138.9 

.0356 

.3067 

4 

285.70 

27L.03 

0.01555 

.3118 

16.9 

138.9 

.0376 

.3054 

2 

295.61 

280.94 

0.01563 

.3012 

17.9 

138.9 

.0397 

.3042 

0 

305.76 

291.09 

0.01571 

0.2905 

18.8 

138.9 

.0419 

.3030 


* Inohee of niBrciiry below one atmosphere. 
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Table 6. Carbon Dioxide—-Properties of Solid, Liquid and Saturated Vapor (Concluded) 


I 

I 


Temp 

F 

{ 

Pressure 

Specific Volume i 
cu tt per lb 1 

Enthalpy, 
datum —40 F 

Btu per lb 

Entropy, 
datum —40 F 

Btu per lb F 

psia 

psig 

Solid or 
liquid 

Bj or 11/ 

Vapor 

Vg 

Solid or 
liquid 
or h/ 

Vapor 

hg 

Solid or 
liquid 

"/ 

Vapor 

+ z 

316.2 

301.5 

0.01579 

0.2800 

19.8 

138.9 

.0441 

.3018 

4 

326.8 

312.1 

0.01587 

.2708 

20.8 

138.9 

.0462 

.3006 

6 

337.7 

323.0 

0.01597 

.2610 

21.8 

138.9 

.0483 

.2994 

B 

348.9 

334.2 

0.01605 

.2520 

22.9 

138.8 

.0503 

.2982 

10 

360.4 

345.7 

0.01614 

.2435 

24.0 

138.8 

.0525 

.2970 

12 

372.1 

357.5 

0.01623 

0.2350 

25.0 

138.7 

.0547 

.2958 

14 

384.1 

369.4 

0.01632 

.2274 

26.2 

138.7 

.0569 

.2945 

16 

396.4 

381.7 

0.01642 

2195 

27.3 

138.6 

.0591 

.2933 

IB 

409.0 

394.3 

0.01650 

.2120 

28.5 

138.6 

.0613 

.2921 

2D 

421.8 

407.1 

0.01662 

.2048 

29.6 

138.5 

.0636 

2909 

22 

435.0 

420.3 

0.01672 

0.1978 

30.8 

138.4 

.0660 

.2897 

24 

448.4 

433.7 

0.01684 

.1910 

31.8 

138.3 

.0684 

.2885 

26 

462.2 

447.5 

0.01695 

.1845 

33.1 

138.1 

.0707 

.2873 

2B 

476.3 

461.6 

0.01707 

.1782 

34.3 

138.0 

.0730 

.2861 

30 

490.6 

475.9 

0.01719 

.1720 

35.6 

137.8 

.0753 

.2849 

32 

505.3 

490.6 

0.01731 

0.1663 

36.8 

137.7 

.0778 

.2837 

34 

520.3 

505.6 

0.01743 

.1605 

38.0 

137.5 

.0800 

.2883 

36 

535.7 

521.0 

0.01757 

.1550 

39.3 

137.3 

.0823 

.2807 

3B 

551.3 

536.6 

0.01771 

.1495 

40.5 

137.0 

.0848 

.2791 

40 

567.3 

552.6 

0.01786 

.1442 

41.8 

136.8 

.0872 

.2775 

42 

583.7 

569.0 

0.01801 

.1390 

43.1 

136.5 

.0898 

.2759 

44 

600.4 

585.7 

0.01817 

.1342 

44.4 

136.2 

.0922 

.2745 

46 

617.5 

602.8 

0.01834 

.1298 

45.7 

135.8 

.0947 

.2730 

4B 

634.9 

620.2 

0.01842 

.1250 

47.1 

135.5 

.0972 

.2715 

50 

652.7 

638.0 

0.01867 

.1204 

48.5 

135.1 

.1000 

.2699 

52 

670. B 

656.1 

0.01887 

0.1163 

49.9 

134.6 

.1026 

.2681 

54 

689.4 

674.7 

0.01906 

.1122 

51.3 

134.0 

.1052 

,2664 

56 

708.3 

693.6 

0.01926 

.1080 

52.8 

133.4 

.1080 

.2645 

5B 

727.6 

712.9 

0.01948 

.1038 

54.2 

132.8 

.1108 

.2627 

60 

747.4 

732.7 

0.01970 

.0995 

55.7 

132.2 

.1136 

.2606 

62 

767.5 

752.8 

0.01997 

0.0960 

57.2 

131.5 

.1164 

.2585 

64 

788.1 

773.4 

0.02012 

.0920 

58.8 

130.7 

.1192 

.2563 

66 

809.1 

794.4 

0.02049 

.0880 

60.4 

129.8 

.1221 

.2540 

68 

830.6 

815.9 

0.02079 

.0842 

62.0 

128.9 

.1250 

.2516 

70 

852.5 

837.8 

0.02109 

.0800 

63.7 

127.8 

.1282 

.2485 

72 

874.9 

860.2 

0.02146 

0.0760 

65.6 

126.5 

.1316 

.2455 

74 

897.7 

883.0 

0.02186 

.0720 

67.5 

124.7 

.1351 

.2423 

76 

921.1 

906.4 

0.02240 

.0680 

69.6 

122.9 

.1390 

.2386 

78 

945.0 

930.3 

0.02300 

.0640 

71.8 

121.1 

.1430 

.2347 

80 

969.3 

954.6 

0.02370 

.0600 

74.0 

119.0 

.1469 

.2305 

82 

994.2 

979.5 

0.02458 

0.0560 

76,6 

116.6 

.1514 

.2258 

84 

1019.7 

1005.0 

0.02556 

.0520 

79.6 

114.0 

.1564 

.2205 

86 

1045.7 

1031.0 

0.02686 

.0479 

83.4 

110.5 

.1636 

.2133 

87.8 

1072,1 

1057.4 

0.03453 

.0345 

97.1 

97.1 

.1880 

.1880 
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Table 7. Carbon Dioxide—Specific Volume of Superheated Vapor (cu ft per lb) 


PreBBure 

psla 

-75 

-50 

1) 

50 

100 

Temper! 

150 

iture, F 

200 

250 1 

300 

350 

400 i 

.20 

469.4 

499.9 

560.9 

621.9 

682.8 

743.8 

804.8 

865.8 

926.7 

987.7 

_ 

.30 

312.9 

333.3 

373.9 

414.6 

455.2 

495.9 

536.5 

577.2 

617.8 

658.5 

699.1 

.40 

234.7 

249.9 

280.4 

310.9 

341.4 

371.9 

402.4 

432.9 

463.3 

493.8 

524.3 

.50 

1B7.7 

199.9 

224.3 

248.7 

273.1 

297.5 

321.9 

346.3 

370.7 

395.0 

419.4 

.60 

156.4 

166.6 

186.9 

207.3 

227.6 

247.9 

268.2 

288.6 

308.9 

329.2 

349.5 

.70 

134.1 

141.9 

160.2 

177.6 

195.1 

212.5 

229.9 

247.3 

264.7 

282.2 

299.6 

.80 

117.4 

125.0 

140.2 

155.5 

170.7 

186.0 

201.2 

216.5 

231.7 

246.9 

262.2 

.90 

104.3 

lll.l 

124.7 

138.2 

151.8 

165.3 

178.9 

192.4 

206.0 

219.5 

233.0 

1.00 

93.90 

100.0 

112.2 

124.4 

136.6 

148.8 

161.0 

173.2 

185.4 

197.5 

209.7 

2.0 

46.82 

49.96 

56.03 

62.12 

68.29 

74.39 

80.48 

86.58 

92.67 

98.77 

104.8 

3.0 

31.IB 

33.28 

37.32 

41.40 

45.49 

49.55 

53.64 

57.72 

61.78 

65.85 

69.91 

4.0 

23.38 

24.93 

27.98 

31.03 

34.09 

37.13 

40.22 

43.29 

46.33 

49.38 

52.43 

5.0 

18.66 

19.91 

22.37 

24.82 

27.26 

29.72 

32.17 

34.61 

39.06 

39.51 

41.93 

6.0 

15.53 

16.56 

18.63 

20.67 

22.71 

24.76 

26.80 

28.84 

30.87 

32.92 

34.94 

8.0 

11.62 

12.40 

13.96 

15.49 

17.02 

18.56 

20.09 

21.62 

23.14 

24.60 

26.20 

10.0 

9.2B0 

9.902 

11.15 

12.38 

13.61 

14.84 

16.06 

17.29 

18.51 

19 74 

20.96 

12.0 

7.715 

B.236 

9.280 

10.31 

11.33 

12.37 

13.38 

14.41 

15.42 

16.44 

17.46 

16.0 

5.769 

6.177 

6.944 

7.716 

8.485 

9.266 

10.03 

10.80 

11.56 

12.3.1 

13.09 

20.0 

4.586 

4.904 

5.542 

6.119 

6.778 

7.407 

8.016 

8.633 

9.247 

9.861 

10.47 

24.0 

3.B03 

4.070 

4.607 

5.125 

5.640 

6.167 

6.674 

7.190 

7.701 

8.215 

8.724 

28.0 

3.246 

3.471 

3.939 

4.385 

4.826 

5.282 

5.718 

6.160 

6.599 

7.039 

7.475 

32.0 

2.825 

3.028 

3.439 

3.829 

4.217 

4.617 

4.999 

5.387 

5.773 

6.157 

6.541 

36.0 

2.499 

2.681 

3.050 

3.398 

3.743 

4.101 

4.441 

4.785 

5.130 

5.470 

5.812 

40.0 

2.239 

2.404 

2.738 

3.053 

3.363 

3.688 

3.993 

4.304 

4.615 

4.922 

5.230 

44.0 

2.025 

2.177 

2.483 

2.771 

3.054 

3.349 

3.628 

3.972 j 

4.193 

4.473 

4.753 

48.0 

1.847 

1.987 

2.270 

2.535 

2.795 

3.068 

3.323 

3.587 ' 

.3.843 

4.099 

4.355 

52.0 

1.696 

1.827 

2.091 

2.335 

2.576 

2.829 

3.065 

3.306 

3.545 

3.783 

4.019 

60.0 

1.456 

1.571 

1.803 

2.016 

2.225 

2,448 

2.652 

2.862 

3.070 

3.276 

3.481 

70.0 


1.329 

1.536 

1.720 

1.901 

2.094 

2.269 

2.450 

2.628 

2.806 

2.982 

BO.O 

— 

1.154 

1.335 

1.498 

1.657 

1.828 

1.982 

2.141 

2.298 

2.453 

2.608 

90.0 

_ 

j 1.015 

1.179 

1.325 

1 476 

1.621 

1.758 

1.900 

2.040 

2.178 

2.317 

100.0 

—. 

1 0.905 

1.055 

1.187 

1.316 

1.456 

1.579 

1.708 

1.834 

1.960 

2.083 

120.0 

- 


0.8655 

0.9799 

1.088 

1.208 

1.311 

1.420 

1.525 

1.630 

1.734 

160.0 



10.6305 

0.7207 

0.8033 

0.8986 

0.9760 

1.059 

1.139 

1.219 

1.297 

200.0 

— 


0.4891 

0.5652 

,0.6376 

|0.7125 1 

0.7748 

0.8424 

0.9075 

0.9720 

1.035 

240.0 

__ 


0.3948 

0.4614 

0.5237 

,0,5886 

0.6407 

0.6981 

0.7532 

0.8074 

0.8604 

2B0.n 

. 

- 

0.3286 

0.3865 

0.4425 

I0.4994 

0.5448 

0.5950 

0.6428 

0.6896 

0.7358 

320.0 

. . 


_ 

0.3298 

0.3815 

10.4322 

0.4729 

0.5177 

0.5601 

0.6015 

0.6422 

360. D 

- 

, 


0.2858 

0.3341 

i0.3780 

0.4171 

0.4576 

0.4958 

0.5329 

0.5693 

400.0 



----- 

0.2505 

1 

0.2961 

|0.3383 

0.3724 

0.4095 

0.4443 

0.4781 

0.5110 

440.0 

_ 



0.2216 

0.2652 

0.3040 

0.3358 

D.3701 

O.402Z 

0.4332 

0.4633 

520.0 

_ 

■ - 

— 

0.1772 

0.2174 

0.2513 

0.2795 

0.3096 

0.3374 

0.3641 

0.3901 

560.0 


_ 


0.1598 

0.1986 

0.2304 

0.2574 

0.2858 

0.3119 

0.3369 

0.3613 

bOO.O 


' _ 


0.1452 

0.1823 

0.2123 

0.2383 

0.2652 

0.2898 

0.3135 

0.3363 

650.0 

— 


! — 

: ■ ■ 

0.1648 

0.1928 

|0.Z176 

0.2430 

0.2661 

0.2881 

0.3094 

700.0 




! 

0.1453 

0.1760 

0.2000 

0.2239 

0.2457 

0.2664 

0.2864 

750.0 

.... 


1 z 

, - 

0.1320 

0.1615 

0.1846 

0.2074 

!d.2281 

0.2476 

0.2664 

800.0 

_ 

; 

i 


0.1196 

0.1483 

0.1712 

0.1930 

,0.2126 

0.2311 

0.2489 

850.0 

_ 




0.1089 

10.1373 

0.1594 

0.1803 

0.1990 

0.2166 

D.Z335 

900.0 


: - 


■ — 

0.1000 

0.1273 

0.1489 

0.1690 

0.1869 

0.2037 

0.2198 

950.0 





...... 

0.1183 

0.1394 

0.1588 

0.1761 

0.1921 

0.2075 

1000.0 

_ 


; 

— 

— 

O.llOl 

0.1310 

0.1497 

0.1663 

0.1819 

0.1966 

1100.0 

_ 


j 

— 

— 

, 

0.1164 

0.1339 

I0.I495 

0.1646 

0.1778 

1200.0 


_ 



— 

; — 

0.1042 

0.1208 

0.1356 

0.1493 

0.1621 

1300.0 

— 


; — 


— 

i — 


0.1100 

0.1237 

0.1368 

0.1488 

1400.0 




; 

.... 

; 

; _ 

j _ 

0.1136 

0.1260 

0.1375 

1500.0 

_ . 




-- 

i - 

— 

; —■ 

0.1049 

0.1167 

0.1277 

16O0.0 


— 

— 

i 

— 

! — 

— 

1 — 

1 —- 

□ .1086 

0.1191 

1700.0 

_ 

_ 

; — 

; 

; — 

! — 

— 

— 

i — 

0.1014 

0.1155 

1800.0 

— 



i — 


! ...... 

— 

— 

' — 

! 

0.1047 

1900.0 

— 

: - ^ 

i — 

— 

— 

i — 


i 

i — 

: .- 


2000.0 

— 


! 

! — 

— 

1 — 

— 



i — 

— 


450 


739.7 
554. a 
443. B 
309.B 

317.0 
Z77.4 
Z40.5 
ZZ1.9 
110.09 

73.97 
55.4B 
44.38 

30.98 
27.74 

22.19 
18.49 
13.BO 
11.09 
9.236 

7.918 

6.925 

6.150 

5.538 

5.034 

4.614 

4.25B 

3.6B9 

3.071 

2.704 

Z.457 

2.210 

1.840 

1.37B 

1.100 

0.9152 

D.7B33 

0.6B40 

0.6071 

D.5455 

0.4950 

0.4174 

D.3B69 

0.3005 

0.3323 

0.3075 

0.2B65 

D.26B1 

0.Z51B 

0.2372 

0.2243 

0.2126 

0.1925 

0.1756 

0.1614 

0.1492 
0.13B6 
0.1294 
0.1213 
0.1140 

0.1075 

0.1017 
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PART II. TABLES 


Table B. Carbun Dioxide—Enthalpy of Superheated Vapor (Btu per lb from —40 F) 


Tempcraturo, F 


paid 

-75 

-50 

0 

50 

100 

150 

200 

250 

300 

350 

400 

450 

D.ZD 

140.0 

144.8 

154.6 

154.5 

174.8 

185.2 

195.9 

206.9 

218.2 

229.7 

_ 

_ 

2.0 

140.0 

144. B 

154.6 

164.5 

174.8 

185.2 

195.9 

206.9 

218.2 

229.7 

241.5 

253.6 

3.0 

139.9 

144.7 

154.5 

164.4 

174.B 

1B5.2 

195.9 

206.9 

218.2 

229.7 

241.5 

253.6 

4.0 

139.B 

144.7 

154.5 

164.4 

174.7 

185.2 

195.9 

206.9 

218.2 

229.7 

241.5 

253.6 

S.O 

139.8 

144.6 

154.4 

164.4 

174.7 

185.1 

195.9 

206.9 

218.2 

229.7 

241.5 

253.6 

6.0 

139.7 

144.5 

154.4 

164.3 

174.6 

185.1 

195.9 

206.9 

218.2 

229.7 

241.5 

253.6 

B.O 

139.6 

144.5 

154.3 

164.2 

174.6 

185.1 

195.8 

206.8 

218.1 

229.6 

241.5 

253.6 

10.D 

139.4 

144.3 

154.1 

164.1 

174.5 

185.0 

195.8 

206.8 

218.1 

229.6 

241.4 

253.6 

12.0 

139.3 

144.2 

154.0 

164.0 

174.4 

185.0 

195.7 

206.7 

218.1 

229.6 

241.4 

253.5 

16.0 

139.0 

144.0 

153.8 

163.8 

174.2 

184.8 

195.7 

206.7 

218.0 

229.5 

241.4 

253.5 

20.0 

13B.7 

143. B 

153.6 

163.6 

174.1 

184.7 

195.6 

206.6 

217.9 

229.5 

241.3 

253.5 

24.0 

13B.5 

143.6 

153.4 

163.4 

173.9 

1B4.6 

195.5 

206.5 

217.9 

229.4 

241.3 

253.4 

ZB.D 

13B.2 

143.4 

153.2 

163.2 

173.8 

1B4.5 

195.4 

206.5 

217.8 

229.4 

241.3 

253.4 

32.0 

137.9 

143.2 

153.0 

163.1 

173.6 

184.4 

195.4 

206.4 

217.8 

229.3 

241.2 

253.4 

36.0 

137.7 

142.9 

152. B 

162.9 

173.5 

184.3 

195.3 

206.3 

217.7 

229.3 

241.2 

253.3 

40.0 

137.4 

142.7 

152.6 

162.7 

173.3 

184.2 

195.2 

206.3 

217.7 

229.3 

241.1 

253.3 

44.0 

137.2 

142.5 

152.4 

162.5 

173.2 

184.1 

195.2 

206.2 

217.6 

229.2 

241.1 

253.3 

4B.0 

136.9 

142.3 

152.2 

162.3 

173.0 

184.0 

195.1 

206.1 

217.5 

229.1 

241.0 

253.2 

52.0 

136.6 

142.1 

152.0 

162.2 

172.9 

183.9 

195.0 

206.1 

217.5 

229.1 

241.0 

253.2 

56 0 

136.4 

141.9 

151.B 

162.0 

172.8 

183. B 

195.0 

206.0 

217.4 

229.1 

241.0 

253.2 

60.0 

136.1 

141.7 

151.6 

161.8 

172.6 

183.7 

194.9 

205.9 

217.3 

228.9 

240.9 

253.1 

70.0 


141.2 

151.1 

161.3 

172.2 

183.5 

194.7 

205.7 

217.2 

228.8 

240.8 

253.0 

BO.O 


140.6 

150.6 

160.9 

171.9 

183.2 

194.5 

205.6 

217.0 

228.7 

240.7 

252.9 

90.0 

_ 

140.1 

150.1 

160.4 

171.5 

183.0 

194.3 

205.4 

216.9 

228.6 

240.6 

252.8 

100.0 

- 

139.6 

149.5 

160.0 

171.1 

182.7 

194.1 

205.2 

216.8 

228.5 

240.5 

252.7 

120.0 

_ 

_ 

14B.5 

159.0 

170.4 

182.2 

193.8 

204.9 

216.5 

228.3 

240.3 

252.6 

140.0 


_ 

147.5 

158.1 

169.6 

181.7 

193.5 

204.6 

216.2 

228.0 

240.1 

252.4 

160.0 


- 

146.5 

157.2 

168.9 

181.2 

193.1 

204.2 

215.9 

227.8 

239.9 

252.2 

IBO.O 



145.5 

156.3 

16B.1 

1BD.7 

192.8 

203.9 

215.6 

227.5 

239.7 

252.1 

200.0 



144.5 

155.4 

167.4 

180.2 

192.4 

203.5 

215.3 

227.3 

239.5 

252.0 

220.0 



143.4 

154.5 

166.6 

179.7 

192.1 

203.2 

215.0 

227.0 

239.3 

251.8 

240.0 



142.4 

1 153.5 

165.9 

179.2 

191.7 

202.9 

214.8 

226.8 

239.1 

251.6 

260.0 


- 

141.4 

1 152.6 

165.2 

178.7 

191.4 

202.5 

214.5 

226.6 

23B.9 

251.5 

2B0.0 



140.4 

1 151.7 

164.4 

17B.2 

191.0 

202.2 

214.2 

226.3 

238.6 

251.3 

300.0 



— 

150.B 

163.7 

177.7 

190.7 

201.9 

213.9 

226.1 

238.4 

251.1 

320.0 



_ 

149.9 

162.9 

177.2 

190.3 

201.5 

213.6 

225.8 

Z3B.2 

251.0 

340.0 



— 

149.0 

162.2 

176.7 

190.0 

201.2 

213.3 

225.6 

23B.O 

250.8 

360.0 



- 

14B.0 

161.4 

176.2 

189.6 

200. B 

213.1 

225.4 

237.8 

250.5 

3B0.0 




147.1 

160.7 

175.7 

1B9.3 

200.5 

212.8 

225.1 

237.6 

250.3 

400.0 



- 

146.2 

1 159.9 

175.7 

188.9 

200.2 

212.5 

224.9 

237.4 

250.2 

420.0 




145.3 

, 159.2 

174.7 

188.6 

199.B 

212.2 

224.6 

237.2 

250.0 

440.0 




H4.4 

' 158.4 

174.2 

1B8.2 

199.5 

211.9 

224.4 

237.0 

249. B 

4B0.0 




142.5 

156.9 

173.2 

187.5 

198.8 

211.3 

223.9 

236.6 

249.5 

520.0 




' 140.7 

155.5 

172.2 

186.8 

198.2 

210.8 

223.4 

236.2 

249.1 

560.0 




138.9 

154.0 

171.2 

186.1 

197.5 

210.2 

223.0 

235.8 

248.8 

600.0 




137.1 

152.5 

170.2 

185.4 

196.8 

209.6 

222.5 

235.4 

24B.5 

700.0 





148.B 

167.7 

183.7 

195.1 

208.2 

221.3 

234.4 

247.6 

BDO.O 




— 

145.0 

165.2 

181.9 

193.4 

206.8 

220.1 

233.3 

246.7 

900.0 



- 

— 

141.3 

162.7 

180.2 

191.7 

205.3 

218.9 

232.3 

245.9 

1000.0 

- 



- 

— 

160.2 

178.4 

190.1 

203.9 

217.7 

231.3 

245.0 

1100.0 





— 

_ 

177.5 

188.4 

202.5 

216.5 

230.3 

244.1 

1200.0 

- 


— 


— 

— 

175.2 

186.7 

201.0 

215.3 

229.3 

243.3 

1300.0 

- 


— 


— 

— 

— 

1B5.0 

199.6 

214.1 

228.2 

242.4 

1400.0 

- 

— 

- 


j - 

— 

— 

— 

198.2 

212.9 

227.2 

241.6 

1500.0 


- 

— 

— 



— 

— 

196.7 

211.7 

225.9 

240.7 

1600.0 


1 - 

- 


— 


— 

— 

_ 

210.5 

224.4 

239.8 

1700.0 

— 


- 

— 

— - 


1 — 

— 

— 

209.0 

222. B 

239.0 

IBOO.O 

— 

1 - 

- 

- 

— 



— 

— 

— 

220.8 

23B.1 

1900.0 

— 


— 

— 

— 

1 — 


— 

— 

— 

— 

237.3 

2000.0 

— 

1 


— 

— 

1 - 


— 

— 

— 

— 

236.2 
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Table 9. Carbon Dioxide—Entropy of Superheated Vapor (Btu per lb F from —40 F) 


TemperKturB.F 

PreBBure ___ ' _ 


pBIB 

-75 

-50 

0 

50 

100 

150 

200 1 

250 

30O 

350 

400 

450 

.2 

.6276 

.6396 

.6616 

.6820 

.7010 

.7188 

.7356 

.7516 

.7669 

.7815 

_ 

_ 

.3 

.6093 

.6213 

.6433 

.6637 

.6827 

.7005 

.7173 

.7333 

.7486 

.7632 

.7772 

.7909 

.4 

.5963 

.6083 

.6303 

.6507 

.6697 

.6875 

.7043 

.7203 

.7356 

.7502 

.7642 

.7779 

.t 

.5780 

.5900 

.6120 

.6324 

.6512 

.6692 

.6860 

.7020 

.7173 

.7319 

.7459 

.7596 

.8 

.5650 

.5770 

.5990 

.6194 

.6384 

.6562 

.6730 

.6890 

.7043 

.7189 

.7329 

.7466 

1.0 

.5550 

.5670 

.5890 

.6094 

.6284 

.6462 

.6630 

.6790 

.6943 

.7089 

.7229 

.7366 

1.2 

.546B 

.5588 

.5808 

.6012 

.6202 

.6380 

.6548 

.6708 

.6861 

.7007 

.7147 

.7284 

1 .4 

.5398 

.5518 

.5738 

.5942 

.6132 

.6310 

.6478 

.6638 

.6791 

.6937 

.7077 

.7214 

1.6 

.5338 

.5458 

.5778 

.5882 

.6072 

.6250 

.6418 

.6578 

.6731 

.6877 

.7017 

.7154 

1.8 

.5285 

.5405 

.5625 

.5829 

.6019 

.6197 

.6365 

.6525 

.6678 

.6824 

.6964 

.7101 

2.0 

.5237 

.5357 

.5577 

.5781 

.5971 

.6149 

.6317 

.6477 

.6630 

.6776 

.6916 

.7053 

3.0 

.5054 

.5174 

.5394 

.5598 

.5788 

.5966 

.6134 

.6294 

.6447 

.6593 

.6733 

.6870 

4.0 

.4925 

.5045 

.5265 

.5469 

.5659 

.5837 

.6005 

.6165 

.6318 

.6464 

.6604 

.6741 

6.0 

.4742 

.4862 

.5082 

.5286 

.5476 

.5654 

.5822 

.5982 

.6145 

.6281 

.6421 

.6558 

B.D 

.4612 

.4732 

.4952 

.5156 

.5346 

.5524 

.5692 

.5852 

.6005 

.6151 

.6291 

.6428 

10.0 

.4511 

.4631 

.4851 

.5055 

.5245 

.5423 

.5591 

.5751 

.5904 

.6050 

.6190 

.6327 

12.0 

.4429 

.4549 

.4769 

.4973 

.5163 

.5341 

.5509 

.5669 

.5822 

.5968 

.6108 

.6245 

14.D 

.435B 

.4479 

.4699 

.4903 

.5093 

.5271 

.5439 

.5599 

.5752 

.5898 

.6038 

.6175 

16.0 

.4297 

.4418 

.4639 

.4843 

.5033 

.5211 

.5379 

.5539 

.5692 

.5838 

.5978 

.6115 

7.0.0 

.4195 

.4316 

.4537 

.4742 

.4932 

.5110 

.5278 

.5438 

.5591 

.5737 

.5877 

.6014 

28.0 

.403B 

.4159 

.4381 

.4587 

.4778 

.4957 

.5126 

.5287 

.5440 

.5586 

.5726 

.5863 

36.0 

.3918 

.4040 

.4263 

.4469 

.4661 

.4841 

.5010 

.5171 

.5325 

.5477 

.5612 

.5749 

44.0 

.3818 

.3941 

.4166 

.4374 

.4567 

.4747 

.4917 

.5079 

.5233 

.5380 

.5521 

.5659 

52.0 

.3722 

.3850 

.4079 

.4289 

.4484 

.4666 

.4837 

.4999 

.5154 

.5302 

.5443 

.5581 

60.0 

.3579 

.3739 

.3991 

.4210 

.4409 

.4593 

.4766 

.4930 

5086 

.5234 

.5376 

.5515 

70 0 


.3638 

.3898 

.4132 

.4335 

.4521 

.4695 

.4860 

.5016 

.5164 

.5306 

.5445 

BO 0 

__ 

.3556 

.3822 

.4062 

.4268 

.4457 

.4633 

.4798 

.4955 

.5104 

.5246 

.5385 

90 0 

_ 

.3487 

.3759 

.4002 

.4211 

.4401 

.4578 

.4744 

.4901 

.5050 

.5193 

.5332 

100.0 

_ 

.3427 

.3702 

.3949 

.4160 

.4351 

.4529 

.4695 

.4853 

.5002 

.5145 

.5284 

140.0 

— 


.3525 

.3783 

.3998 

.4191 

.4370 

.4537 

.4696 

.4846 

.4990 

.5130 

180.0 



1 .3368 

.3643 

.3871 

.4069 

.4250 

.4419 

.4580 

.4730 

.4875 

.5014 

220.0 

_ 

! _ 

; .3232 

.3526 

.3765 

.3969 

.4152 

.4324 

.4485 

.4637 

.4782 

.4922 

260.0 

_ 

_ 

: .3122 

.3421 

,3674 

.3883 

.4075 

.4244 

.4407 

.4559 

.4706 

.4846 

300.0 

_ 

_ 


.3340 

.3591 

.3807 

.3997 

.4173 

.4338 

.4493 

.4640 

.4780 

340.0 

— 



.3255 

.3514 

.3736 

.3932 

.4112 

.4279 

.4435 

.4582 

.4722 

3B0.0 




.3173 

.3439 

.3668 

.3870 

.4054 

.4224 

.4381 

.4529 

.4670 

400.0 

_ 

.. 


.3135 

.3405 

.3637 

.3842 

.4028 

.4199 

.4357 

.4506 

.4647 

420.0 

_ 



! .3098 

.3371 

.3606 

.3813 

.4001 

.4173 

.4332 

.4482 

.4624 

440.0 




i .3060 

.3337 

.3575 

.3784 

.3974 

.4158 

.4308 

.4459 

.4601 

4bo!o 




.2993 

.3276 

.3519 

.3732 

.3925 

.4102 

.4264 

.4415 

.4559 

520.0 




: .2926 

.3216 

.3465 

.3683 

.3880 

.4059 

.4224 

.4377 

.4522 

560.0 




.2864 

.3159 

.3413 

.3635 

.3835 

.4017 

.4184 

.4339 

.4486 

600.0 



_ 

.2798 

.3101 

.3361 

.3587 

.3791 

.3976 

.4146 

.4303 

.4455 

650.0 

_ 


. 


.3047 

.3312 

.3541 

.3747 

.3934 

.4106 

.4264 

.4410 

700.0 

— 

- 


— 

.2994 

.3264 

.3496 

.3705 

.3895 

.4069 

.4228 

.4378 

750.0 





.2939 

.3214 

.3450 

.3662 

.3854 

.4030 

.4190 

.4341 

BOO.O 

_ 


■ 

— 

.2889 

.3169 

.3409 

.3624 

.3819 

.3997 

.4158 

.4310 

BSO.D 


_ 

' 

_ 

.2839 

.3124 

.3368 

.3586 

.3783 

.3963 

.4126 

.4279 

900.0 




_ _ 

.2788 

.3079 

.3327 

.3548 

.3748 

.3930 

.4095 

.4249 

950.0 

— 


— 

— 


.3038 

.3289 

.3512 

.3715 

.3899 

.4066 

.4221 

1000.0 





_ 

.2996 

.3250 

.3475 

.3681 

.3867 

.4036 

.4193 

1100.0 



. 

_ 

_ 

— 

.3183 

.3413 

.3622 

.3811 

.3983 

.4142 

1200.0 



_ 

_ 

_ 

— 

.3121 

.3357 

.3569 

.3761 

.3936 

.4097 

1300.0 




_ 

! - 

— 

— 

.3308 

.3524 

.3719 

.3895 

.4057 

1400.0 

— 

— 

- 

— 

' — 

— 

— 

— 

.3481 

.3679 

.3856 

.4020 

1500.0 





! 


_ 

_ 

.3437 

.3639 

.3817 

.3983 

1600.0 


_ 



' — 

— 

! — 

— 

— 

.3600 

.3780 

.3948 

1700.0 


_ 

_ 

_ 

_ 

— 

i — 

— 

— 

.3561 

.3744 

.3913 

IBOO.O 


_ 

— 

1 — 

— 


; — 

— 

— 

— 

.3708 

.3879 

1900.0 

— 

■ -■ 

- 

! _ 


; — 

1 — 

— 

i 

— 


.3841 

2000.0 

- 

' - 

- 

' — 

— 

■ 

i - 


— 

— 

— 

.3807 
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PART II. TABLES 


Table 10. Carrene 7—Properties of Liquid and Saturated Vapor 



—- - 

Liquid 

Vapor, 

Enthalpy. 

datum —40 F I 

Entropy, i 

latum —40 F 

Temp 


density 

BP vol 

Btu per lb | 

Btu per lb F 

t 


psig 

Ib/cu ft 

cu ft 1b 

Liquid 

Vapor 

Liquid 

Vapor 


PSIB 

ll'f 

*1/ 

V 

1 



4D 

10.84 

7.86* 

84.20 

4.0764 

0.00 

89.92 

0.00000 

0.21424 

3B 

11.42 

6.68* 

84.03 

3.8825 

0.51 

90.19 

.00122 

.21388 

-3b 

12.03 

5.44* 

83.86 

3.7008 

1 .02 

90.47 

.00243 

.21353 

-34 

12.66 

4.15* 

83.69 

3.5279 

1.54 

90.75 

.00365 

.21319 

- 3Z 

13.31 

2.83* 

83.51 

3.3663 

2.06 

91.03 

.00485 

.21286 

30 

14.00 

1.40* 

83.34 

3.2133 

2.57 

91.30 

0 00606 

0.21254 

-28 

14.71 

0.01 

83.16 

3.0679 

3.09 

91.58 

.00725 

.21222 

-26 

15.45 

0.75 

82.99 

2.9311 

3.61 

91.86 

.00845 

.21191 

24 

16.21 

1.51 

82.81 

2.8015 

4.13 

92.13 

.00963 

.21159 

-22 

17.01 

2.31 

82.63 

2.6789 

4.66 

92.41 

.01083 

.21131 

* 20 

17.84 

3.14 

82.45 

2.5627 

5.IB 

92.68 

0 01202 

0.21102 

-18 

18.70 

4. DO 

82.27 

2.4525 

5.70 

92.95 

.01322 

.21074 

-16 

19.59 

4.89 

82.09 

2.3482 

6.23 

93.23 

01438 

.21045 

14 

20.51 

5.81 

81.91 

2.2489 

6.76 

93.50 

.01557 

.21018 

12 

21.47 

6.77 

81.72 

2.1552 

7.28 

93.77 

.01674 

.20991 

10 

22.46 

7.76 

81.54 

2.0657 

7.81 

94.04 

0.01793 

0.20966 

8 

23.49 

8.79 

81.35 

1.9811 

8.34 

94.31 

.01909 

.20940 

h 

24.55 

9.85 

81.16 

1.9006 

8.88 

94.58 

.02027 

.20916 

A 

25.65 

10.95 

80.97 

1.8242 

9 41 

94.85 

.02144 

.20892 

2 

26.79 

12.09 

80.78 

1.7512 

9.94 

95.11 

.02259 

.20867 

0 

27.96 

13.26 

80.59 

1.6817 

10.48 

95.38 

0 02376 

0.20844 

2 

29.18 

14.48 

80.40 

1.6160 

11 01 

95.64 

02491 

.20821 

4 

30.43 

15.73 

80.21 

1.5532 

11.56 

95.91 

.02608 

.20799 

6 

31.73 

17.03 

80.01 

1 4930 

12 09 

96.17 

.02722 

.20776 

a 

33.06 

18.36 

79.81 

1.4361 

12.63 

96.43 

.02839 

.20755 

10 

34.45 

19.75 

79.62 

1 .3816 

13.17 

96.69 

0 02954 

0.20734 

12 

35.88 

21.18 

79,42 

1.3295 

13.71 

96.95 

.o:oo7 

.20712 

14 

37.35 

22.65 

79.22 

1.2799 

14.26 

97.21 

03182 

.20693 

16 

38.86 

24.16 

79.02 

1.2326 

14.81 

97.47 

.03296 

.20672 

IB 

40.42 

25.72 

78.81 

1.1873 

15.36 

97.73 

03411 

.20653 

20 

42.03 

27.33 

78,61 

1,1441 

15.91 

97.98 

0 03526 

0.20635 

22 

43.69 

28.99 

78.41 

1.1027 

16.46 

98.24 

03638 

.20615 

24 

45.40 

30.70 

78 20 

1.0632 

17.01 

98.49 

03752 

.20597 

2b 

47.15 

32.45 

77.99 

1 0255 

17.56 

98.74 

.03865 

.20578 

28 

48.96 

34.26 

77.79 

0.9892 

18.12 

98.99 

.03978 

.20560 

30 

50.82 

36.12 

77.58 

0.9546 

18.67 

99.24 

0.04092 

D 20544 

32 

52.74 

38.04 

77 37 

.9214 

19.23 

99.49 

.04203 

.20526 

34 

54.71 

40.01 

77.15 

.8895 

19.80 

99.74 

04316 

.20508 

36 

56.72 

42.02 

76.94 

.8591 

20.35 

99.98 

.04430 

.20493 

38 

58.80 

44.10 

76.73 

.8298 

20.91 

100.22 

.04542 

.20476 

40 

60.94 

46.24 

76.51 

0.8018 

21.47 

100.46 

0.04654 

0.20460 

42 

63.14 

48.44 

76.30 

.7748 

22.03 

100.70 

.04764 

.20443 

44 

65.39 

50.69 

76.08 

.7490 

22.60 

100.94 

.04875 

.20427 

4b 

67.71 

53.01 

75.86 

.7242 

23.17 

101.18 

.04986 

.20411 

48 

70.09 

55.39 

75.64 

.7002 

23.75 

101.41 

.05099 

.20395 

50 

72.52 

57.82 

75.42 

0.6774 

24.32 

101.65 

0.05212 

0 20382 

52 

75.02 

60.32 

75.20 

.6554 

24.89 

101.88 

.05321 

.20366 

54 

77.57 

62.87 

74.97 

.6343 

25.47 

102.11 

.05431 

.20350 

5b 

80.22 

65.52 

74.75 

.6138 

26.04 

IUZ.33 

.05543 

.20335 

58 

82.91 

68.21 

74.52 

.5944 

26.60 

102.56 

.05649 

.20321 

bO 

85.66 

70.96 

74.29 

0 5756 

27.19 

102.78 

0.05763 

0.20307 

62 

88.49 

73.79 

74.07 

.5575 

27.76 

103.00 

.05872 

.20293 

64 

91.39 

76.69 

73.84 

.5401 

28.33 

103.22 

,05979 

.20278 

66 

94.37 

79.67 

73.61 

.5232 

28.93 

103.44 

.06091 

.20264 

68 

97.41 

82.71 

73.37 

.5069 

29.52 

103.65 

.06203 

.20250 

70 

100.51 

85.81 

73.14 

0.4914 

30.11 

103.87 

0.06311 

0.20235 

72 

103.71 

89.01 

72.91 

.4763 

30.69 

104.08 

.06419 

.20221 

74 

106.97 

92.27 

72.67 

.4619 

31.28 

104.29 

.06527 

.20207 

76 

110.29 

95.59 

72.43 

.4479 

31.87 

104.49 

.06637 

.20193 

78 

113.70 

99.00 

72.20 

.4344 

32.47 

104.69 

.06749 

.20180 

80 

117.20 

102.5 

71.96 

0.4213 

33.06 

104.89 

0.06855 

0.20164 

82 

120.78 

106.1 

71.72 

.4088 

33.63 

105.09 

.06959 

.20150 

84 

124.40 

109.7 

71 .48 

.3967 

34.25 

105.29 

.07071 

.20136 

86 

128.14 

113.4 

71.23 

.3849 

34.85 

105.48 

.07179 

.20122 

88 

131.96 

117.3 

70.99 

.3736 

35.45 

IOS.67 

.07288 

.20109 


• lnch[>B of Morcury below one Btundard atmosphere (20.02 in.). 
W. A. PonniniElDll, Compiler. 
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Table lO. Cairene 7—Properties of Liquid and Saturated Vapor (Continued) 


Temp 

F 

t 

Pressure 

Liquid, 

density 

Vapor, 
sp vol 

Enthalpy, datum — 40 F 
Btu per lb 

Entropy, datum — 40 F 
Btu per lb F 

psia 

pslK 

Ib/cu ft 

Ih'f 

cu ft/lb 

Liquid 

>1/ 

Vapor 

^•|7 

Liquid 

V 

Vapor 

■'•r; 

90 

135.B6 

121.2 

70.74 

0.3626 

36.05 

105.86 

0.07395 

0.20093 

92 

139.B3 

125.1 

70.50 

.3520 

36.67 

106.04 

.07505 

.20078 

94 

143.90 

129.2 , 

70.25 

.341B 

37.26 

106.22 

.07611 

.20065 

96 

14B.03 

133.3 

70.00 

.3319 

37.B9 

106.40 

.07722 

.20050 

9B 

152.27 

137.6 

69.75 

.3224 

38.48 

106.5B 

.07826 

.20036 

100 

156.61 

141.9 

69.50 

0.3131 

39.10 

106.75 

0.07935 

0.20021 

102 

161.02 

146.3 

69.25 

.3041 

39.71 

106.91 

.08042 

.20005 

104 

165.55 

150.9 

69.00 

.2954 

40.34 

107.08 

.08151 

.19990 

106 

170.14 

155.4 

6B.74 

.2870 

40.97 

107.24 

.08261 

.19975 

lOB 

174.84 

160.1 

6B.49 

.2788 

41.59 

107.39 

.08367 

.19958 

110 

179.62 

164.9 

6B.23 

0.2709 

42.23 

107.55 

D.0B479 

0.19943 

112 

184.51 

169.B 

67.97 

.2633 

42.83 

107.70 

.0B5B2 

.19928 

114 

189.47 

174. B 

67.71 

.2559 

43.48 

107.85 

.OB691 

.19911 

116 

194.55 

179.0 

67.45 

.2486 

44.11 

107.98 

.08800 

.19893 

IIB 

199.71 

1B5.0 

67.19 

.2418 

44.73 

108.13 

.08905 

.19879 

120 

204.99 

190.3 

66.93 

0.2350 

45.36 

108.26 

0.09012 

0.19862 

122 

210.40 

195.7 

66.66 

.2283 

46.03 

108.3B 

.09124 

.19842 

124 

215.B8 

201.2 

66.40 

.2219 

46.69 

10B.50 

.09236 

.19825 

126 

221.44 

206.7 

66.13 

.2157 

47.33 

108.62 

.09342 

.19806 

12B 

227.13 

212.4 

65.86 

.2097 

47.99 

10B.74 

.09451 

.19787 

130 

232.B9 

21B.2 

65.60 

0.203B 

4B.65 

10B.B4 

0.09560 

0.19767 

132 

23B.B0 

224.1 

65.33 

.1982 

49.29 

108.95 

.09666 

.1974B 

134 

244.84 

230.1 

65.05 

.1928 

49.92 

109.05 

.09771 

.19730 

136 

250.96 

236.3 

64.7B 

.1873 

50.60 

109.14 

.09BB3 

.19709 

13B 

257.17 

242.5 

64.51 

.1820 

51.31 

109.22 

.09996 

.196B4 

140 

263.52 

248. B 

64.23 

0.1768 

52.02 

109.29 

0.10113 

0.19662 


VV. A. 
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PART II. TABLES 


Table 11. Cairene 7—Properties of Superheated Vapor 


Temp 

Presiure 10 peia 

PresBUTB 12 psia 

I PrBBBure 14 pBla 

1 Pressure 16 psia 

1 Gage presBure 9.6 in. vac 

Gage preBBure 5.5 in. vac 

Gage pressure 1 

.4 In. vac 

Gage pressure 

1.3 paig 

F 

(Sat temp -43.0 F) 

(Sat temp —36.1 F) 

1 (Sat temp —30.OF) 

1 (Sat temp -24.6 F) 

l 

V 

h 

8 

V 

h 

8 

11 

h 

« 

V 

h 

8 

-40 

4.4276 

89.96 

0.21592 

_ 

_ 

— 

— 

— 

— 

_ 

_ 

_ 

-30 

4.5402 

91.52 

0.21959 

3.7659 

91.41 

0.21578 

— 

— 

— 

— 

— 

— 

-20 

4.6525 

93.09 

0.22320 

3.8602 

92.99 

0.21940 

3.2938 

92.88 

0.21617 

2.8691 

92.78 

0.21334 

-10 

4.7646 

94.68 

0.22677 

3.9542 

94.58 

0.2Z29B 

3.3751 

94.48 

0.21975 

2.9408 

94.37 

0.21693 

0 

4.B765 

96.28 

0.23029 

4.0481 

96.18 

0.22651 

3.4561 

96.08 

0.22328 

3.0122 

95.98 

0.22047 

10 

4.9BB2 

97.90 

0.23377 

4.141B 

97.80 

0.22999 

3.5370 

97.71 

0.22677 

3.0835 

97.61 

0.22397 

20 

5.0996 

99.53 

0.23721 

4.2354 

99.44 

0.23343 

3.6177 

99.34 

0.23022 

3.1546 

99.25 

0.22742 

30 

5.2110 

101.17 

0.24060 

4.3288 

101.08 

0.23684 

3.6983 

101.00 

0.23363 

3.2255 

100.91 

0.23084 

40 

5.3223 

102.B4 

0.24396 

4.4220 

102.75 

0.24020 

3.7787 

102.66 

0.237DO 

3.2963 

102.58 

0.23421 

50 

5.4334 

104.51 

0.24729 

4.5151 

104.43 

0.24353 

3.8590 

104.34 

0.24033 

3.3669 

104.26 

0.23755 

60 

5.5443 

106.21 

0.25057 

4.6082 

106.12 

0.24682 

3.9391 

106.04 

0.24363 

3.4374 

105.96 

0.24085 

70 

5.6552 

107.91 

0.25383 

4.7011 

107.83 

0.25008 

4.0191 

107.75 

0.24689 

3.5078 

107.67 

0.24412 

BO 

5.7660 

109.64 

0.25705 

4.7939 

109.56 

0.25331 

4.0990 

109.48 

0.25012 

3.5781 

109.40 

0.24735 

90 

5.8767 

111.38 

0.26024 

4.8365 

111.30 

0.25650 

4.1788 

111.22 

0.25332 

3.6483 

111.15 

0.25055 

100 

5.9B73 

113.13 

0.26340 

4.9791 

113.05 

0.25966 

4.2586 

112.98 

0.25649 

3.7183 

112.91 

0.25373 

110 

6.097B 

114.90 

0.26653 

5.0715 

114.83 

0.26280 

4.3382 

114.75 

0.25963 

3.7883 

114.68 

0.25687 

120 

6.20B1 

116.68 

0.26964 

5.1639 

116.61 

0.26591 

4.4177 

116.54 

0.26274 

3.8582 

116.47 

D.25998 

130 

6.3184 

118.48 

0.27272 

5.2562 

118.41 

0.26899 

4.4971 

118.34 

0.26582 

3.9280 

118.28 

0.26307 

140 

6.4287 

120.30 

0.27577 

5.34B5 

120.23 

0.27204 

4.5765 

120.16 

0.26888 

3.9978 

120.10 

0.26613 

150 

6.53B9 

122.13 

0.27680 

5.4406 

122.06 

0.27507 

4.6558 

122.00 

0.27191 

4.0675 

121.93 

0.26916 

160 

6.64B9 

123.97 

0.28180 

5.5327 

123.91 

0.27808 

4.7351 

123.84 

0.27492 

4.1370 

123.78 

0.27218 

170 

6.7589 

125.83 

D.2847B 

5.624B 

125.77 

0.28106 

4.8143 

125.71 

0.27791 

4.2065 

125.65 

0.27516 

IBO 

6.8689 

127.71 

0.28774 

5.716B 

127.65 

0.28402 

4.8933 

127.59 

0.28087 

4.2760 

127.53 

0.27813 

190 

6.97BB 

129.60 

0.29067 

5.8087 

129.54 

0.28696 

4.9723 

129.48 

0.28381 

4.3454 

129.43 

0.28107 

200 

7.0887 

131.51 

0.29359 

5.9005 

131.45 

0.28987 

5.0513 

131.40 

0.28672 

4.4147 

131.34 

0.28399 

210 

7.1985 

133.43 

0.29648 

5.9922 

133.38 

0.29277 

5.1302 

133.32 

0.28962 

4.4840 

133.27 

0.28689 

220 

7.3082 

135.37 

0.29935 

6.0839 

135.32 

0.29564 

5.2091 

135.26 

0.29250 

4.5532 

135.21 

0.28977 

230 

7.4179 

137.33 

0.30221 

6.1756 

137.27 

0.29850 

5.2879 

137.22 

0.29535 

4.6224 

137.17 

0.29263 

240 

7.5276 

139.30 

0.30504 

6.2673 

139.24 

0.30134 

5.3667 

139.19 

0.29819 

4.6915 

139.14 

0.29546 

250 

— 

— 

— 

6.3590 

141.23 

0.30416 

5.4454 

141.18 

0.30102 

4.7606 

141.13 

0.29829 

260 

- 

- 

- 

- 

- 

- 

5.5241 

143.18 

0.30382 

4.8296 

143.13 

0.30109 


PreHBure IB psia I 

Pressure 20 psia 

Pressure 22 psia I 

Pressure 24 ] 

psia 

1 ^p 

Gage 

presBure 3. 

.3 psiK 

Gage pressure 5.3 psig 

Gage 

pressure 7 

.3 psig 

Gage pressure 9 

.3 psig 


(Sat temp —19 

.6F) 

(Sat temp —15.1 F) 

(Sat temp -10.9 F) | 

(Sat temp —7 

.OF) 

t 

V 

h 


1) 

h 

« 

w 

h 

e 


h 

a 

- 10 

2.6026 

94.27 

0.21442 

2.3325 

94.17 

0.21216 

2.1111 

94.07 

0.21010 

_ 


__ 

0 

2.6667 

95. B9 

0.21797 

2.3905 

95.79 

0.21572 

2.1644 

95.68 

0.21367 

1.9759 

95.58 

0.21179 

10 

2.7304 

97.51 

0.22147 

2.4483 

97.42 

0.21923 

2.2173 

97.32 

0.21719 

2.0247 

97.22 

0.21531 

20 

2.7940 

99.16 

0.22494 

2.5059 

99.06 

D. 22270 

2.2701 

98.97 

0.22066 

2.0733 

98.88 

0.21879 

30 

2.8575 

100.81 

0.22B36 

2.5634 

100.72 

0.22612 

2.3226 

100.63 

0.22409 

2.1218 

100.54 

0.22223 

40 

2.920B 

102.49 

0.23174 

2.6208 

102.40 

0.22951 

2.3750 

102.31 

0.22748 

2.1703 

102.22 

0.22562 

50 

2.9B40 

104.17 

0.23508 

2.67BO 

104.09 

0.23286 

2.4273 

104.00 

0.23084 

2.2186 

103.91 

0.22898 

60 

3.0470 

105.88 

0.23838 

2.7350 

105.79 

0.23617 

2.4794 

105.71 

0.23415 

2.2666 

105.63 

0.23230 

70 

3.1099 

107.59 

0.24166 

2.7919 

107.51 

0.23945 

2.5314 

107.43 

0.23743 

2.3145 

107.35 

0.23559 

BO 

3.1727 

109.32 

0.24490 

2.8486 

109.24 

0.24269 

2.5833 

109.16 

0.24068 

2.3623 

109.09 

0.23884 

90 

3.2354 

111.07 

0.24810 

2.9053 

110.99 

0.24590 

2.6351 

110.92 

0.24389 

2.4100 

110.84 

0.24206 

100 

3.2979 

112.83 

0.25127 

2.9619 

112.76 

0.24908 

2.6868 

112.68 

0.24708 

2.4576 

112.61 

0.24524 

NO 

3.3603 

114.61 

0.25442 

3.0184 

114.54 

0.25223 

2.7385 

114.46 

0.25023 

2.5051 

114.39 

0.24840 

120 

3.4227 

116.40 

0.25754 

3.0749 

116.33 

0.25535 

2.7900 

116.26 

0.25335 

2.5526 

116.19 

0.25153 

130 

3.4B50 

118.21 

0.26063 

3.1312 

118.14 

0.25844 

2.8414 

118.07 

0.25645 

2.5999 

118.00 

0.25463 

140 

3.5473 

120.03 

0.26369 

3.1874 

119.96 

0.26151 

2.8927 

119.89 

0.25952 

2.6471 

119.83 

0.25770 

150 

3.6095 

121.86 

0.26673 

3.2436 

121.80 

0.26455 

2.9440 

121.73 

0.26256 

2.6943 

121.67 

0.26074 

160 

3.6715 

123.72 

0.26974 

3.2997 

123.65 

0.26756 

2.9951 

123.59 

0.26558 

2.7414 

123.52 

0.26377 

170 

3.7335 

125.58 

0.27273 

3.3557 

125.52 

0.27055 

3.0462 

125.46 

0.26858 

2.7884 

125.40 

0.26676 

IBO 

3.7955 

127.47 

0.27570 

3.4116 

127.41 

D.27352 

3.0973 

127.34 

0.27155 

2.8354 

127.28 

0.26974 

190 

3.8574 

129.37 

0.27864 

3.4675 

129.31 

0.27647 

3.1483 

129.25 

0.27450 

2.8822 

129.19 

0.27269 

200 

3.9192 

131.28 

0.2B156 

3.5233 

131.22 

0.27939 

3.1992 

131.16 

0.27742 

2.9290 

131.10 

0.27561 

210 

3.9809 

133.21 

0.2B446 

3.5791 

133.15 

0.28230 

3.2500 

133.09 

0.28033 

2.9758 

133.04 

0.27852 

220 

4.0426 

135.15 

0.28735 

3.6348 

135.09 

0.28518 

3.3008 

135.04 

0.28321 

3.0225 

134.98 

0.28141 

230 

4.1043 

137.11 

0.29021 

3.6905 

137.06 

0.28804 

3.3516 

137.00 

0.28607 

3.0692 

136.95 

0.28427 

240 

4.1659 

139.09 

0.29305 

3.7461 

139.03 

0.29089 

3.4023 

138.98 

0.28892 

3.1158 

138.93 

0.28712 

250 

4.2275 

141.07 

0.29587 

3.8017 

141.02 

0.29371 

3.4529 

140.97 

0.29175 

3.1624 

140.92 

0.28995 

260 

4.2891 

143.08 

0.29B6B 

3.8572 

143.03 

0.29652 

3.5035 

142.98 

0.29456 

3.2089 

142.93 

0.29276 

270 

4.3507 

145.10 

0.30147 

3.9127 

145.05 

0.29931 

3.5542 

145.00 

0.29735 

3.2554 

144.95 

0.29556 

2B0 

— 

— 

— 

— 

— 

— 


— 


3.3018 

146.99 

0.29833 
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Table 11. Cairene 7—Properties of Superheated Vapor (Continued) 



1 PreSBUTB Z6 psia 

PresBUTB 28 psia 

PreBBure 30 

psia 

PresBure 32 psia 


Gage presBurs 11 

.3 PBlg 

Gage pressure 13.3 psig 

Gage pressure 1 

5.3 psig 

Gage preBBUTB 17.3 psig 


(Sat temp —3. 

4F) 

(Sat temp 0.1 F) 

(Sat temp 3.3 F) 

(Sat temp 6.4 F) 

/, 

D 

h 

ii 

V 

h 

a 

D 

h 

a 

V 

h 

B 

0 

1.8162 

95.48 

0.21003 

_ 

__ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

10 

1.8617 

97.12 

0.21357 

1.7219 

97.02 

0.21194 

1.6008 

96.92 

0.21042 

1.4947 

96.82 

0.20899 

20 

1.9069 

98.78 

0.21706 

1.7643 

98.68 

0.21544 

1.6406 

98.58 

0.21393 

1.5323 

98.49 

0.21250 

30 

1.9520 

100.45 

0.22050 

1.8064 

100.35 

0.21889 

1.6801 

100.26 

0.21738 

1.5696 

100.16 

0.21596 

40 

1.9970 

102.13 

0.22390 

1.8484 

102.04 

0.22230 

1.7196 

101.95 

0.22080 

1.6068 

101.86 

0.21938 

50 

Z.041B 

103.83 

0.22727 

1.8902 

103.74 

0.22567 

1.7589 

103.65 

0.22417 

1.6438 

103.56 

0.22276 

iO 

2.0865 

105.54 

0.23059 

1.9318 

105.45 

0.22900 

1.7980 

105.37 

0.22751 

1.6807 

105.28 

0.22610 

70 

2.1310 

107.26 

0.23388 

1.9733 

107.18 

0.23229 

1.8369 

107.10 

0.23080 

1.7175 

107.02 

0.22941 

80 

2.1752 

109.01 

0.23714 

2.0147 

108.92 

0.23555 

1.8758 

108.84 

0.23407 

1.7541 

108.76 

0.23268 

?0 

2.2194 

110.76 

0.24036 

2.0560 

110.68 

0.23877 

1.9146 

110.61 

0.23730 

1.7906 

110.53 

0.23591 

JO 

2.2636 

112.53 

0.24355 

2.0972 

112.46 

0.24197 

1.9532 

112.38 

0.24050 

1.8270 

112.30 

0.23911 

10 

2.3077 

114.32 

0.24671 

2.1384 

114.24 

0.24513 

1.9917 

114.17 

0.24366 

1.8633 

114.09 

0.24228 

20 

2.3516 

116.11 

0.24984 

2.1794 

116.04 

0.24827 

2.0301 

115.97 

0.24680 

1.8995 

115.90 

0.24542 

30 

2.3955 

117.93 

0.25294 

2.2203 

117.86 

0.25138 

2.0685 

117.79 

0.24991 

1.9356 

117.72 

0.24853 

40 

2.4393 

119.76 

0.25602 

2.2611 

119.69 

0.25445 

2.1068 

119.62 

0.25299 

1.9716 

119.55 

0.25162 

50 

2.4830 

121.60 

0.25906 

2.3019 

121.53 

0.25750 

2.1449 

121.47 

0.25605 

2.0076 

121.40 

0.25468 

JO 

2.5266 

123.46 

0.26209 

2.3426 

123.39 

0.26053 

2.1830 

123.33 

0.25908 

2.0435 

123.26 

0.25771 

70 

2.5702 

125.34 

0.26509 

2.3831 

125.27 

0.26353 

2.2211 

125.21 

0.26208 

2.0792 

125.14 

0.26072 

30 

2.6137 

127.23 

0.26806 

2.4236 

127.16 

0.26651 

2.2591 

127.10 

0.26506 

2.1149 

127.04 

0.26370 

)0 

2.6572 

129.13 

0.27102 

2.4641 

129.06 

0.26947 

2.2969 

129.00 

0.26802 

2.1506 

128.94 

0.26666 

30 

2.7005 

J31.04 

0.27395 

2.5045 

130.99 

0.27240 

2.3347 

130.93 

0.27095 

2.1862 

130.87 

D.26960 

10 

2.7438 

132.98 

0.27686 

2.5449 

132.92 

0.27531 

2.3725 

132.86 

0.27386 

2.2217 

132.81 

0.27251 

20 

2.7870 

134.93 

0.27974 

2.5852 

134.87 

0.27820 

2.4103 

134.81 

0.27676 

2.2572 

134.76 

0.27541 

30 

2.8302 

136.89 

0.28261 

2.6254 

136.84 

0.28107 

2.4480 

136.78 

0.27963 

2.2926 

136.73 

0.27828 

40 

2.8734 

138.87 

0.28546 

2.6656 

138.82 

0.28392 

2.4856 

138.76 

0.28248 

2.3280 

138.71 

0.28113 

50 

2.9165 

140.86 

0.28829 

2.7057 

140.81 

0.28675 

2.5232 

140.76 

0.28532 

2.3633 

140.71 

0.28397 

30 

2.9595 

142.88 

0.29111 

2.7458 

142.82 

0.28957 

2.5607 

142.77 

0.2BB13 

2.3986 

142.72 

0.28679 

70 

3.0025 

144.90 

0.29390 

2.7839 

144.85 

D.29236 

2.5981 

144.80 

0.29093 

2.4338 

144.75 

0.28959 

30 

3.0455 

146.95 

0.29668 

2.8259 

146.89 

0.29514 

2.6355 

146.84 

0.29371 

2.4690 

146.80 

0.29237 

JO 

— 

— 

— 

2.8659 

148.95 

0.29790 

2.6730 

148.90 

0.29648 

2.5041 

148.85 

0.29513 


Pressure 34 psia 

Pressure 36 psia 

Pressure 38 psia 

Pressure 40 psia 

;mp 

Gage pressure 19.3 psig 

Gage pressure 21.3 psig 

Gage pressure 23.3 psig 

Gage pressure 25.3 psig 


(Sat temp 9.4 F) 

(Sat temp 12. 

.ZF) 1 

(Sat temp 14.9 F) 

(Sat temp 17.5 F) 

( 

V 

h 

s 

V 

h 

a 

II 

h 

a 

V 

h 

a 

10 

1.4010 

96.72 

0.20763 


_ 


_ 

_ 

_ 

_ 

— 

_ 

20 

1.4366 

98.39 

0.21115 

1.3516 

98.29 

0.20986 

1.2756 

98.19 

0.20864 

1.2070 

98.09 

0.20747 

30 

1.4720 

100.07 

0.21462 

1.3853 

99.97 

0.21334 

1.3078 

99.88 

0.21213 

1.2378 

99.78 

0.21097 

40 

1.5073 

101.77 

0.21804 

1.4188 

101.67 

0.21677 

1.3397 

101.58 

0.21557 

1.2683 

101.49 

D.21441 

50 

1.5424 

103.47 

0.22143 

1.4521 

103.38 

0.22017 

1.3714 

103.29 

0.21896 

1.2987 

103.20 

0.21782 

30 

1.5773 

105.20 

0.22477 

1.4853 

105.11 

0.22352 

1.4030 

105.02 

0.22232 

1.3290 

104.93 

0.22118 

70 

1.6121 

106.93 

0.22809 

1.5183 

106.85 

0.22683 

1.4345 

106.76 

0.22564 

1.3591 

106.68 

0.22451 

30 

1.6468 

108.68 

0.23136 

1.5512 

108.60 

0.23011 

1.4659 

108.52 

0.22892 

1.3BB9 

108.43 

0.22779 

30 

1.6813 

110.45 

0.23460 

1.5840 

110.37 

0.23335 

1.4971 

110.29 

0.23217 

1.4187 

110.21 

0.23104 

30 

1.7157 

112.22 

0.23780 

1.6167 

112.15 

0.23656 

1.5282 

112.07 

0.23539 

1.4485 

112.00 

0.23426 

10 

1.7500 

114.02 

0.24098 

1.6493 

113.94 

0.23974 

1.5592 

113.87 

0.23857 

1.4781 

113.79 

0.23745 

20 

1.7842 

115.82 

0.24413 

1.6817 

115.75 

0.24289 

1.5901 

115.68 

0.24172 

1.5075 

115.60 

0.24060 

30 

1.8183 

117.65 

0.24724 

1.7141 

117.58 

0.24601 

1.6209 

117.51 

0.24484 

1.5369 

117.43 

0.24373 

40 

1.8523 

119.49 

0.25032 

1.7464 

119.41 

0.24910 

1.6516 

119.34 

0.24794 

1.5662 

119.28 

0.24683 

50 

1.8863 

121.34 

0.25338 

1.7786 

121.27 

0.25216 

1.6822 

121.20 

0.25100 

1.5954 

121.13 

0.24990 

00 

1.9202 

123.20 

0.25642 

1.8107 

123.14 

0.25520 

1.7127 

123.07 

0.25404 

1.6246 

123.00 

0.25294 

70 

1.9540 

125.08 

0.25943 

1.8427 

125.02 

0.25821 

1.7432 

124.95 

0.25706 

1.6537 

124.89 

0.25596 

30 

1.9877 

126.98 

0.26241 

1.8747 

126.91 

0.26120 

1.7736 

126.85 

0.26005 

1.6826 

126.79 

0.25895 

90 

2.0214 

128.88 

0.26538 

1.9066 

128.82 

0.26417 

1.8039 

128.76 

0.26301 

1.7115 

128.71 

0.26192 

30 

2.0550 

130.81 

0.26832 

1.9385 

130.75 

0.26711 

1.8342 

130.69 

0.26596 

1.7404 

130.63 

0.26487 

10 

2.0886 

132.75 

0.27123 

1.9703 

132.69 

0.27003 

1.8644 

132.63 

0.26888 

1.7692 

132.57 

0.26779 

20 

2.1221 

134.70 

0.27413 

2.0020 

134.65 

0.27292 

1.8946 

134.59 

0.27178 

1.7979 

134.53 

0.27069 

30 

2.1555 

136.67 

0.27701 

2.0337 

136.62 

0.27580 

1.9247 

136.56 

0.27466 

1.8265 

136.51 

0.27357 

40 

2.1889 

138.66 

0.27986 

2.0653 

138.61 

0.27866 

1.9547 

138.55 

0.27752 

1.8551 

138.50 

0.27644 

50 

2.2222 

140.65 

0.28270 

2.0969 

140.60 

0.28150 

1.9847 

140.55 

0.28036 

1.8837 

140.50 

0.27928 

30 

2.2555 

142.67 

0.28552 

2.1284 

142.62 

0.28432 

2.0146 

142.57 

D.2B31B 

1.9123 

142.52 

0.28210 

70 

2.2887 

144.70 

0.28832 

2.1599 

144.65 

0.28712 

2.0445 

144.60 

0.28599 

1.9408 

144.55 

0.28491 

80 

2.3219 

146.75 

0.29110 

2.1913 

146.70 

0.28991 

2.0744 

146.65 

0.28877 

1.9692 

146.60 

0.28770 

00 

2.3551 

148.80 

0.29387 

2.2227 

148.76 

0.29268 

2.1042 

148.71 

0.29154 

1.9976 

148.66 

0.29047 

30 


— 


2.2541 

150.83 

0.29543 

2.1340 

150.79 

0.29429 

2.0260 

150.74 

0.29322 
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PART II. TABLES 


Table 11. Carrene 7—Properties of Superheated Vapor (Continued) 


Tomp 

F 


PreBBUTB 42 pbIb 
Gbkb preBBure 27.3 psig 
(Sat temp 20.0 F) 


PreBBure 44 psia 
Gage preBBure 29.3 psig 
(Sat temp 22.4 F) 


PresBure 46 psia 
Gage prBBBure 31.3 paig 
(Sat temp 24.7 F) 


Pressure 4B psia 
Gage pressure 33.3 psig 
(Sat temp 26.9 F) 


t 

V 

h 

fl 

V 

h 

s 

V 

h 

s 

T) 

h 

s 

2D 

1.1450 

97.99 

0.20636 

— 

— 

— 

_ 

— 

— 

_ 

— 

— 

3D 

1.1744 

99.6B 

0.209B5 

1.1169 

99.58 

0.20879 

1.0644 

99.49 

0.20776 

1.0162 

99.38 

0.20677 

4D 

1.2036 

101.39 

0.21330 

1.1451 

101.30 

0.21225 

1.0915 

101.20 

0.21123 

1.0424 

101.10 

0.21025 

50 

1.232B 

103.11 

0.21671 

1.1731 

103.02 

0.21566 

1.1184 

102.93 

0.21465 

1.0683 

102.83 

0.21368 

60 

1.2619 

104.85 

0.22009 

1.2009 

104.76 

0.21904 

1.1451 

104.67 

0.21803 

1.0941 

104.58 

0.21706 

70 

1.290B 

106.59 

0.22342 

1.2286 

106.51 

0.22238 

1.1718 

106.42 

0.22137 

1.1198 

106.33 

0.22041 

BO 

1.3194 

10B.36 

0.22671 

1.2561 

108.27 

0.22567 

1.1983 

108.19 

0.22468 

1.1453 

108.10 

0.22372 

90 

1.3479 

110.13 

0.22997 

1.2835 

110.05 

0.22893 

1.2246 

109.97 

0.22794 

1.17D7 

109.89 

0.22699 

100 

1.3762 

111.92 

0.23319 

1.3108 

111.84 

0.23216 

1.2508 

111.76 

0.23117 

1.1959 

111.68 

0.23022 

110 

1.4045 

113.72 

0.23638 

1.3380 

113.64 

0.23536 

1.2769 

113.56 

0.23437 

1.2210 

113.49 

0.23342 

120 

1.432B 

115.53 

0.23954 

1.3650 

115.46 

0.23852 

1.3029 

115.38 

0.23754 

1.246D 

115.31 

0.23660 

130 

1.4609 

117.36 

0.24267 

1.3919 

117.29 

0.24165 

1.3288 

117.22 

0.24067 

1.2710 

117.15 

0.23974 

140 

1.4B90 

119.21 

0.24577 

1.4187 

119.14 

0.24475 

1.3546 

119.07 

0.24378 

1.2959 

119.00 

0.24285 

15D 

1.5169 

121.06 

0.24BB4 

1.4455 

120.99 

0.24783 

1.3803 

120.93 

0.24686 

1.3206 

120.86 

0.24593 

160 

1.5447 

122.93 

0.25188 

1.4722 

122.87 

0.25088 

1.4059 

122.80 

0.24991 

1.3452 

122.74 

0.24898 

170 

1.5725 

124.82 

0.25491 

1.4988 

124.76 

0.25390 

1.4315 

124.69 

0.25294 

1.3698 

124.63 

0.25201 

IBO 

1.6002 

126.72 

0,25790 

1.5253 

126.66 

0.25690 

1.4570 

126.60 

0.25594 

1.3943 

126.53 

0.25502 

190 

1.627B 

128.64 

0.260B7 

1.5518 

128.58 

0.25988 

1.4824 

12B.S2 

0.25892 

1.4188 

128.46 

0.25800 

200 

1.6554 

130.57 

0.26382 

1.5782 

130.51 

0.26282 

1.5077 

130.45 

0.26187 

1.4432 

130.39 

0.26095 

210 

1.6B29 

132.52 

0.26675 

1.6046 

132.46 

0.26575 

1.5330 

132.40 

0.26480 

1.4674 

132.34 

0.26388 

220 

1.7103 

134.48 

0.26965 

1.6308 

134.42 

0.26866 

1.5582 

134.36 

0.26771 

1.4916 

134.31 

0.26679 

230 

1,7377 

136.45 

0.27254 

1.6570 

136.40 

0.27155 

1.5834 

136.35 

0.27060 

1.5158 

136.28 

0.26968 

240 

1.7651 

138.44 

0.27540 

1.6832 

138.39 

0.27441 

1.6085 

138.33 

0.27346 

1.5400 

138.28 

0.27256 

25D 

1.7924 

140.44 

0.27825 

1.7094 

140.39 

0.27726 

1.6336 

140.34 

0.27631 

1.5641 

140.29 

0.27541 

260 

1.8197 

142.46 

0.28107 

1.7355 

142.41 

0.28009 

1.6586 

142.36 

0.27914 

1.5881 

142.31 

0.27823 

270 

1.B46B 

144.50 

0.2B3B8 

1.7615 

144.45 

0.28290 

1.6836 

144.40 

0.28195 

1.6121 

144.35 

0.28105 

2BO 

1.8739 

146.55 

0.2B667 

1.7875 

146.50 

0.28569 

1.7085 

146.45 

0.28475 

1.6360 

146.40 

0.28384 

290 

1.9010 

14B.61 

0.28944 

1.8134 

148.56 

0.2BB46 

1.7333 

148.51 

0.28752 

1.6599 

148.47 

0.28662 

300 

1.9282 

150.69 

0.29219 

1.8393 

150.65 

0.29121 

1.7582 

150.60 

0.29028 

1.6B3B 

150.55 

0.28938 

310 

— 

— 

— 

1.8652 

152.74 

0.29396 

1.7830 

152.69 

0.29302 

1.7D76 

152.65 

0.29212 

T ^ 

Pressure 50 psia 

Pressure 52 psia 

Pressure 54 psia 

Pressure 56 psia 

F 

Gage pressure 35.3 psig 

Gage presBure 37.3 psig 

Gage pressure 39.3 psig 

Gage pressure 41.3 psig 


(Sat temp 29. 

IF) 

(Sat temp 31 

.2F) 

(Sat temp 33.3 F) 

(Sat temp 35.3 F) 

t 

V 

h 

fl 

V 

h 

B 

V 

h 

a 

V 

h 

8 

30 

0.9718 

99.28 

0.20582 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

40 

0.9971 

101.OL 

0.20930 

0.9554 

100.91 

0.20838 

0.9166 

100.81 

0.20749 

0.8807 

100.71 

0.20663 

50 

1.0222 

102.74 

0.21273 

0.9796 

102.65 

0.21182 

0.9402 

1DZ.55 

0.21094 

0.9035 

102.46 

0.21008 

60 

1.0471 

104.49 

0.21612 

1.0037 

104,40 

0.21522 

0.9635 

104.30 

0.21435 

0.9262 

104.21 

0.21350 

70 

1.0719 

106.25 

0.21948 

1.0277 

106.16 

0.21858 

0.9867 

106.07 

0.21771 

0.9487 

105.97 

0.21687 

BO 

1.0966 

108.02 

0.22279 

1.0515 

107.93 

0.22190 

1.0098 

107.85 

0.22103 

0.9711 

107.76 

0.22020 

90 

1.1211 

109.80 

0.22607 

1.0752 

109.72 

0.22518 

1.0328 

109.64 

0.22432 

0.9933 

109.56 

0.22349 

too 

1.1454 

111.60 

0.22931 

1.0988 

111.52 

0.22842 

1.0556 

111.44 

0.22757 

1.0154 

111.36 

0.22674 

no 

1.1696 

113.41 

0.23251 

1.1222 

113.33 

0.23163 

1.0783 

113.26 

0.23078 

1.0374 

113.18 

0.22996 

120 

1.1973 

115.24 

0.23569 

1.1454 

115.16 

0.23481 

1.1007 

115.08 

0.23396 

1.0592 

115.01 

0.23315 

130 

1.217B 

117.07 

0.23883 

1.1686 

117.00 

0.23796 

1.1231 

116.93 

0.23712 

I.OBID 

116.85 

0.23630 

140 

1.24IB 

118.93 

0.24195 

1.1918 

118.85 

D.24108 

1.1455 

118.79 

0.24024 

1.1026 

118.71 

0 23943 

150 

1.2656 

120.79 

0.24503 

1.2149 

120.72 

0.24417 

1.1678 

120.66 

0.24333 

1.1241 

120.58 

0.Z4Z52 

160 

1.2893 

122.67 

0.24809 

1.2378 

122.60 

0.24723 

1.1900 

122.54 

0.24639 

1.1456 

122.47 

0.24559 

170 

1.3130 

124.56 

0.25112 

1.2607 

124.50 

0.25026 

1.21ZI 

124.44 

0.24943 

1.1670 

124.37 

0.24863 

IBO 

1.3366 

126.47 

0.25413 

1.2834 

126.41 

0.25327 

1.2341 

126.34 

0.25244 

1.1883 

126.28 

0.25164 

190 

1.3601 

12B.39 

0.25711 

1.3061 

128.33 

0.25625 

1.2560 

128.27 

0.25543 

1.2095 

128.21 

0.25463 

200 

J .3BJ6 

130.33 

0.26007 

1.3287 

130.27 

0.25921 

1.2779 

130.21 

0.25839 

1.2307 

130.15 

0.25760 

210 

1.4070 

132.2B 

0.26300 

1.3513 

132.22 

0.26215 

1.2997 

132.16 

0.26133 

1.2518 

132.11 

0.26054 

220 

1.4304 

134.25 

0.26592 

1.3738 

134.19 

0.26507 

1.3215 

134.13 

0.26425 

1.2728 

134.07 

0.26346 

230 

1.4537 

136.23 

0.26881 

1.3963 

136.18 

0.26796 

1.3432 

136.12 

0.26715 

1.2938 

136.06 

0.26636 

240 

1.4769 

13B.22 

0.27168 

1.4187 

138.17 

0.27083 

1.3648 

138.11 

0.27002 

1.3148 

138.06 

0.26923 

250 

1.5000 

140.23 

0.27453 

1.4410 

140.18 

0.27369 

1.3864 

140.12 

0.27288 

1.3357 

140.07 

0.27209 

260 

1.5232 

142.26 

0.27736 

1.4633 

142.20 

0.27652 

1.4079 

142.15 

0.27571 

1.3565 

142.10 

0.27493 

270 

1.5463 

144.30 

0.28018 

1.4856 

144.24 

0.27934 

1.4294 

144.19 

0.27853 

1.3773 

144.15 

0.27775 

2BD 

1.5694 

146.35 

0.28297 

1.5079 

146.30 

D.28214 

1.4508 

146.25 

0.28133 

1.3980 

146.20 

0.28055 

290 

1.5924 

148.42 

0.28575 

1.5301 

148.37 

0.28491 

1.4723 

148.32 

0.28411 

1.4187 

148.27 

0.2B333 

300 

1.6153 

150.50 

0.28851 

1.5522 

150.45 

D.28768 

1.4937 

150.41 

0.28687 

1.4393 

150.36 

0.28609 

310 

1.63B2 

152.60 

0.29125 

1.5743 

152.55 

0.29042 

1.5150 

152.51 

0.28962 

1.4599 

152.46 

0.28884 

320 

— 

— 

— 

1.5963 

154.67 

0.29315 

1.5363 

154.62 

0.29235 

1.4805 

154.58 

0.29158 
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Table 11. Carrene 7—Properties of Superheated Vapor (Continued) 


Temp 

F 

PresBure 58 psia 

Pressure 60 psia 

Pressure 62 psia 

Pressure 64 psia 

Gage preBBUre 43 

.3 psig 

Gage preasure 45.3 psig 

Gage pressure 47.3 psig 

Gage pressure 49.3 psig 


(iiat temp 37.2 F) 

1 (Sat temp 39 

.1 F) 

1 (Sat temp 41 

.0 F) 

1 (Sat temp 42 

.8 F) 

t 

V 

h 


v 

k 

a 

i' 

h 

n 

J' 

k 

N 

40 

0.8471 

100.61 

0.20579 

0.8159 

100.52 

0.20497 

_ 

...... 

_ 

_ 


_ 

50 

0.8693 

102.36 

0.20925 

0.8375 

102.26 

0.20845 

0.8075 

102.17 

0.20765 

0.7796 

102.07 

0.20689 

60 

0.8913 

104.12 

0.21267 

0.8589 

104.03 

0.21187 

0.8284 

103.93 

0.21109 

O.BODO 

103.84 

0.21033 

70 

0.9132 

105.89 

0.21605 

0.8802 

105.80 

0.21525 

0.8492 

1D5.71 

0.21448 

0.8202 

105.62 

0.21372 

80 

0.9350 

107.67 

0.21938 

0.9013 

107.59 

0.21859 

0.8698 

107.50 

0.21783 

0.B403 

107.41 

0.21708 

60 

0.9566 

109.47 

0.22268 

0.9223 

109.39 

0.2Z1B9 

0.8902 

109.30 

0.22113 

0.8602 

109.22 

0.22039 

100 

0.9780 

111.28 

0.22594 

0.9431 

111.20 

0.22516 

0.9104 

111.12 

0.22440 

0.8799 

111.04 

0.22366 

no 

0.9993 

113.10 

0.22916 

0.9638 

113.02 

0.22839 

0.9305 

112.94 

D.22763 

0.8994 

112.86 

D.22690 

120 

1.0205 

114.93 

0.23235 

0.9843 

114.86 

0.2315b 

0.95O5 

114.78 

0.23083 

0.9189 

114.71 

0.23010 

130 

1.0416 

116.78 

0.23551 

1.0048 

116.71 

0.23474 

0.9705 

116.64 

D.234D0 

0.9383 

116.56 

0.23327 

140 

1.0625 

118.64 

0.23864 

1.0253 

118.57 

□ .23787 

0.9904 

118.50 

0.23713 

0.9576 

118.43 

0.23641 

150 

1.0834 

120.51 

0.24173 

1.0456 

120.44 

0.2409B 

l.DIOl 

120.37 

0.24024 

0.9768 

120.30 

0.23952 

160 

1.1043 

122.40 

0.24481 

1.0657 

122.33 

0.24405 

1.0296 

122.27 

0.24331 

0.9959 

122.20 

0.24260 

170 

1.1251 

124.30 

0.24785 

1.0858 

124.24 

0.24710 

1.0491 

124.17 

0.24636 

1.0149 

124.10 

0.24565 

ISO 

1.1457 

126.22 

0.25087 

1.1058 

126.15 

0.25012 

1.0686 

126.09 

0.24939 

1.0338 

126.02 

D. 24868 

190 

1.1662 

128.15 

0.25386 

1.1258 

128.08 

0.25311 

1.0880 

128.02 

0.25238 

1.0526 

127.96 

0.25168 

200 

1.1867 

130.09 

0.25682 

1.1457 

130.03 

0.25608 

1.1073 

129.97 

0.25535 

1.0714 

129.91 

0.25465 

210 

J.2071 

132.05 

0.25977 

1.1655 

131.99 

0.25903 

1.1266 

131.93 

0.25830 

1.0901 

131.87 

0.25760 

220 

1.2275 

134.02 

0.26269 

1.1853 

133.96 

0.26195 

1.1457 

13j.OO 

0.26123 

1.1DB7 

133.84 

0.26053 

230 

1.2478 

136.00 

0.26559 

1.2050 

135.95 

0.26485 

1.1648 

135.89 

0.26413 

1.1273 

135.84 

0.26344 

240 

1.2681 

138.00 

0.26847 

1.2246 

137.95 

0.26773 

1.1839 

137.89 

0.26702 

1.1458 

137.84 

0.26632 

250 

1.2883 

140.02 

0.27133 

1.2442 

139.96 

0.27059 

1.2030 

139.91 

D. 26988 

1.1643 

139.86 

0.26919 

260 

1.3084 

142.05 

0.27417 

1.2637 

142.00 

0.27343 

1.2219 

141.95 

0.27272 

1.1828 

141.89 

0.27203 

270 

1.3285 

144.09 

0.27699 

1.2833 

144.04 

0.27626 

1.24DB 

143.99 

0.27555 

1 .2012 

143.94 

0.27486 

280 

1.3487 

146.15 

0.27979 

1.3028 

146.10 

0.27906 

1.2597 

146.05 

0.27835 

1.2196 

146.00 

0.27767 

290 

1.3688 

148.22 

0.28258 

1 .3222 

148.17 

0.28185 

J.2785 

148.13 

0.28114 

1.2377 

148.08 

D. 28045 

300 

1.3887 

150.31 

0.28534 

1.3415 

150.26 

0.28462 

1.2973 

150.22 

0.28391 

1.2560 

150.17 

0.28322 

310 

1.4086 

152.42 

0.28809 

1.3608 

152.37 

0.28737 

1.3161 

152.33 

0.28666 

1.2742 

152.28 

0.28598 

320 

1.4285 

154.53 

0.29083 

1.3801 

154.49 

0.29010 

1.3348 

154.45 

0.28940 

1.2924 

154.40 

0.28872 

330 

— 


— 


-- 

— 

1.3534 

156.58 

0.29212 

J.31D5 

156.53 

0.29144 

Temp 

F 

Pressure 66 psia 

Pressure 68 psia 

pTBSSure 70 psia 

1 Pressure 80 psia 

Gage pressure 51 

.3 psig 

Gage pressure 53.3 psig 

Gage pressure 55.3 psig 

Gage pressure 65.3 psig 

1 (Sat temp 44.5 F) 

(Sat temp 46.3 F) 

(Sat temp 47.9 F) 

(Sat temp 55.8 F) 

t 

V 

h 

« 

1) 

h 

a 

V 

h 

8 

T 

k 

8 

50 

0.7533 

101.07 

0.20614 

0.7284 

101.87 

0.20540 

0.7051 

101.77 

0.20469 



— 

60 

0.7732 

103.75 

0.20959 

0.7478 

103.65 

0.20886 

0.7242 

103.56 

D.20816 

0.6234 

103.07 

0.20485 

70 

0.7929 

105.53 

0.21299 

0.7671 

105.44 

0.21227 

0.7430 

105.35 

0.21157 

0.6400 

104.88 

0.20829 

80 

0.8124 

107.33 

0.21635 

0.7862 

107.24 

0.21563 

0.7616 

107.15 

0.21494 

0.6566 

106.70 

0.21168 

90 

0.8318 

109.13 

0.21966 

0.8052 

109.05 

0.21896 

0.7801 

108.96 

0.21827 

0.6732 

108.53 

0.21504 

IDO 

0.8511 

110.95 

0.22294 

0.8240 

110.87 

0.22224 

0.7984 

110.79 

0.22156 

0.6897 

110.37 

0.21836 

no 

0.8702 

112.79 

0.22619 

0.8426 

112.70 

0.22549 

0.8166 

112.62 

0.22481 

0.7061 

112.22 

0.22163 

120 

0.8892 

114.63 

0.22939 

0.8611 

114.55 

0.22870 

0.8347 

114.47 

0.22803 

0.7223 

114.09 

0.22487 

130 

0.9080 

116.48 

0.23257 

0.8795 

116.41 

D.23188 

0.8526 

116.33 

0.23121 

0.7384 

115.96 

0.22808 

140 

0.9268 

118.35 

0.23571 

0.8978 

118.28 

0.23503 

D.87D4 

118.21 

0.23436 

0.7543 

117.84 

0.23125 

150 

0.9455 

120.23 

0.23882 

0.9100 

120.17 

0.23814 

0.8882 

1ZD.D9 

0.23748 

0.7701 

119.74 

D. 23438 

160 

0.9640 

122.13 

0.24190 

0.9341 

122.06 

0.24123 

0.9059 

121.99 

0.24057 

0.7859 

121.65 

0.23749 

170 

0.9825 

124.04 

0.24496 

0.9522 

123.97 

0.24429 

0.9235 

123.00 

0.24363 

0.8016 

123.57 

0.24057 

180 

1.0009 

125.96 

0.24799 

0.9702 

125.90 

0.24732 

0.9410 

125.83 

0.24666 

0.8172 

1^.50 

0.24362 

190 

1.0193 

127.90 

0.25099 

0.9880 

127.83 

0.25033 

0.9584 

127.77 

0.24967 

0.8327 

127.45 

0.24664 

200 

1.0375 

129.85 

0.25397 

1.0058 

129.79 

0.25330 

D.9757 

129.72 

0.25265 

0.8482 

129.42 

0.24964 

210 

1.0057 

131.81 

0.25692 

1.0235 

131.75 

0.25626 

0.9929 

131.69 

0.25561 

0.8638 

131.39 

0.25261 

220 

1.0739 

133.79 

0.25985 

1.0411 

133.73 

0.25919 

1.0101 

133.67 

0.25854 

0.8790 

133.38 

0.25556 

230 

1.0920 

135.78 

0.26276 

1.0586 

135.72 

0.26210 

1.0273 

135.67 

0.26146 

0.8941 

135.38 

0.25848 

240 

1.1100 

137.79 

0.26565 

1.076Z 

137.73 

0.26499 

1.0444 

137.67 

0.26435 

0.9092 

137.40 

0.26138 

250 

1.1279 

139.80 

0.26851 

1.0937 

139.75 

0.26786 

1.0614 

139.70 

0.26722 

0.9243 

139.42 

0.26426 

260 

1.1458 

141.84 

0.27136 

l.llll 

141.79 

0.27071 

1.0784 

141.73 

0.27007 

0.9394 

141.47 

0.26712 

270 

1.1637 

143.89 

0.27419 

1.1285 

143.84 

0.27354 

1.0954 

143.78 

0.Z729D 

0.9544 

143.53 

0.26996 

280 

1.1815 

145.96 

0.27700 

1.1459 

145.90 

0.27635 

1.1123 

145.85 

0.27571 

0.9694 

145.60 

0.27278 

290 

1.1993 

148.03 

0.27979 

1.1632 

147.98 

0.27914 

1.1292 

147.93 

0.27851 

0.9843 

147.69 

0.27558 

300 

1.2171 

150.12 

0.28256 

1.1805 

150.07 

0.28191 

1.1459 

150.03 

0.28128 

0.9992 

149.79 

0.27836 

310 

1.2348 

152.23 

0.28532 

1.1977 

152.18 

0.28467 

1.1626 

152.14 

0.28404 

1.0140 

151.90 

0.28113 

320 

1.2524 

154.35 

0.28805 

1.2149 

154.31 

0.28741 

1.1793 

154.26 

0.28678 

1.0288 

154.03 

0.2B3BB 

330 

1.2700 

156.49 

0.29078 

1.2320 

156.44 

0.29013 

1.1967 

156.40 

0.ZB95Z 

1.D436 

156.18 

0.28661 

340 


— 

— 

— 

-— 

— 

— 

— 


1.0583 

158.33 

0.28932 
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PART II. TABLES 


Table 11. Cairene 7—Properties of Superheated Vapor (Continued) 


Tdiup 

F 

PreBBure 90 pbIk 

Gbbb preBBure 75.3 pBia 
(Sat temp 63.0 F) 

PreBBure 100 paia 

Gage presBure 85.3 psig 
(Sat temp 69.7 F) 

PreBBure 110 psia 

Gage pressure 95.3 psig 
(Sat temp 75.8 F) 

PresBure 120 psia 

Gage pressure 105.3 paig 
(Sat temp 81.6 F) 

t 

11 

h a 

V 

h 

a 

V 

h 

8 

V 

h 

a 

60 

0.S434 

102.56 0.2D17B 

— 

_ 

— 


— 

— 

— 

— 

— 

70 

0.5591 

104.39 0.20527 

0.4944 

103.89 

0.20249 

— 

— 

— 

— 


..... 

BO 

0.5745 

106.23 0.20B71 

0.50B7 

105.75 

0.20597 

0.4539 

105.25 

0.20337 

—■ 

—. 

— 

90 

0.5B9B 

lOB.OB 0.21210 

0.5229 

107.62 

0.20940 

0.4677 

107.15 

0.20686 

0.4220 

106.66 

0.20449 

100 

0.6050 

109.94 0.21545 

0.5369 

109.50 

0.21278 

0.4811 

109.04 

0.21029 

0.4345 

108.58 

0.20795 

110 

0.6200 

lll.Bl 0.21B76 

0.5508 

111.38 

0.21612 

0.4941 

110.95 

0.21366 

0.4468 

110.50 

0.21135 

120 

0.6347 

113.68 0.22202 

0.5645 

113.27 

0.21941 

0.5069 

112.86 

0.21698 

0.4589 

112.43 

0.21471 

130 

0.6493 

115.57 0.22525 

0.5780 

115.17 

0.22266 

0.5195 

114.77 

0.22026 

0.4707 

114.36 

0.21801 

140 

0.6639 

117.47 0.22844 

0.5914 

117.09 

0.22587 

0.5319 

116.70 

0.22350 

0.4824 

116.30 

0.22128 

150 

0.67B3 

119.37 0.23160 

0.6046 

119.01 

0.22905 

0.5442 

118.63 

0.22669 

0.4939 

118.25 

0.22450 

160 

0.6925 

121.29 0.23472 

0.6177 

120.94 

0.23219 

0.5565 

120.58 

0.22986 

0.5053 

120.21 

0.22768 

170 

0.7067 

123.23 0.23781 

0.6308 

122.88 

0.23531 

0.5686 

122.53 

0.23299 

0.5167 

122.18 

0.23084 

IBO 

0.7209 

125.17 0.240BB 

0.6437 

124.84 

0.23838 

0.5805 

124.50 

0.23609 

0.5279 

124.16 

0.23395 

190 

0.7349 

127.13 0.24392 

0.6566 

126.81 

0.24144 

0.5924 

126.48 

0.23915 

0.5390 

126.15 

0.23703 

200 

0.74B9 

129.10 0.24693 

0.6694 

128.79 

0.24446 

0.6043 

128.47 

0.24219 

0.5500 

128.15 

0.24009 

210 

D.762B 

131.09 0.24991 

0.6821 

130.78 

0.24746 

0.6161 

130.47 

0.24521 

0.5610 

130.16 

0.24311 

220 

0.7766 

133.08 0.25287 

0.6947 

132.78 

0.25043 

0.6277 

132.49 

0.24819 

0.5719 

132.18 

0.24611 

230 

0.7903 

135.09 0.25581 

0.7072 

134.80 

0.25338 

0.6393 

134.51 

0.25115 

0.5827 

134.21 

0.24909 

240 

0.BD4D 

137.12 0.25872 

0.7198 

136.84 

0.25630 

0.6509 

136.55 

0.25409 

0.5934 

136.26 

0.25203 

250 

0.B176 

139.15 0.26161 

0.7323 

138.88 

0.25921 

0.6623 

138.60 

0.25699 

0.6041 

138.32 

0.25496 

260 

0.B312 

141.20 0.2644B 

0.7447 

140.94 

0.26208 

0.6737 

140.66 

0.25988 

0.6148 

140.39 

0.25786 

270 

0.B447 

143.27 0.26733 

0.7570 

143.01 

0.26494 

0.6851 

142.74 

0.26275 

0.6254 

142.48 

0.26074 

2B0 

0.B5H2 

145.35 0.27015 

0.7693 

145.09 

0.26778 

0.6965 

144.84 

0.26560 

0.6359 

144.58 

0.26359 

290 

0.B716 

147.44 0.27296 

0.7815 

147.19 

0.27060 

0.7077 

146.94 

0.26843 

0.6463 

146.69 

0.26642 

300 

0.BB5O 

149.54 0.27575 

0.7937 

149.30 

0.27339 

0.7189 

149.06 

0.27123 

0.6567 

148.81 

0.26924 

310 

0.B9B4 

151.66 0.27853 

0.8058 

151.43 

0.27617 

0.7301 

151.19 

0.27402 

0.6671 

150.95 

0.27204 

320 

0.911B 

153.BO 0.28129 

0.8179 

153.57 

0.27894 

0.7413 

153.34 

0.27679 

0.6774 

153.10 

0.27481 

330 

0.9251 

155.95 0.28403 

0.8300 

155.72 

0.28168 

0.7524 

155.50 

0.27955 

0.6877 

155.27 

0.27757 

340 

0.93B3 

158.11 0.28675 

0.8421 

157.89 

0.28441 

0.7634 

157.67 

0.28228 

0.6979 

157.45 

0.28032 

350 

“■ 

— 

0.8541 

160.08 

0.28713 

0.7744 

159.86 

0.2B5DU 

0.7081 

159.64 

0.28304 

360 

_ 

_ _ 

_ 

_ 

_ 

0.7854 

162.06 

0.28770 

0.7183 

161.85 

0.28575 

370 

— 

-- 

— 

— 

— 


— 

— 

0.7284 

164.07 

0.28844 


Pressure 13o psia 

PreBBUre 140 psia 

Pressure l5o psia 

Pressure 160 psia 

T Binp 

V 

Gage preBBure 115.3 pBig 

Gage preBBUre 125.3 psig 

Gage pressure 135.3 psig 

Gage pressure 145.3 psig 

r 

(Sat temp B7.0 F) 

(Sat temp 92. 

IF) 

(Sat temp 96 

.9 F) 

(Sat temp 101 

.5F) 

t 

V 

h s 

1) 

h 

H 


h 

a 

V 

h 

a 

90 

0.3B29 

106.16 0.20222 

_ 

_ 

_ 

_ 

_ 

— 

— 

■ — 

— 

100 

0.3948 

108.10 0.20572 

0.3606 

107.61 

0.20359 

0.3308 

107.09 

0.20153 

— 

— 

— 

110 

0.4065 

110.04 0.20917 

0.3718 

109.57 

0.20707 

0.3416 

109.09 

0.20506 

0.3149 

108.58 

0.20311 

120 

0.4180 

111.99 0.21256 

0.3827 

111.54 

0.21050 

0.3521 

111.08 

0.20853 

0.3252 

110.61 

0.20663 

130 

0.4292 

113.94 0.21589 

0.3935 

113.51 

0.21387 

0.3624 

113.07 

0.21193 

0.3353 

112.62 

0.21008 

140 

0.4403 

115.90 0.21918 

0.4041 

115.49 

0.21719 

0.3726 

115.07 

0.21529 

0.3451 

114.64 

0.21347 

150 

0.4512 

117.86 0.22243 

0.4145 

117.47 

0.22047 

0.3BZ6 

117.06 

0.21860 

0.3546 

116.65 

0.21680 

J60 

0.4620 

119.84 0.22564 

0.4247 

119.46 

0.22370 

0.3923 

119.07 

0.22185 

0.3640 

118.67 

0.22009 

170 

0.4726 

121.82 0.22880 

0.4348 

121.45 

0.22689 

0.4020 

121.08 

0.22507 

0.3733 

120.70 

0.22333 

IBO 

0.4B32 

123.81 0.23194 

0.4449 

123.45 

0.23005 

0.4116 

123.09 

0.22825 

0.3825 

122.73 

0.22653 

190 

0.493B 

125.B1 0.23505 

0.4548 

125.47 

0.23317 

0.4210 

125.12 

0.23139 

0.3915 

124.77 

0.22970 

200 

0.5042 

127.82 0.23812 

0.4646 

127.49 

0.23626 

0.4303 

127.15 

0.23449 

D.40D4 

126.81 

0.23282 

210 

0.5144 

129.84 0.24116 

0.4743 

129.52 

0.23931 

0.4395 

129.19 

0.23756 

0.4092 

128.87 

0.23591 

220 

0.5246 

131.87 0.24417 

0.4839 

131.56 

0.24234 

0.4487 

131.25 

0.24061 

0.4179 

130.93 

0.23896 

230 

0.5347 

133.92 0.24715 

0.4935 

133.62 

0.24534 

0.4578 

133.31 

0.24362 

0.4265 

133.00 

0.24199 

240 

0.544B 

135.97 0.25011 

0.5031 

135.68 

0.24831 

0.4667 

135.38 

0.24660 

0.4351 

135.09 

0.24499 

250 

0.5548 

13B.04 0.25305 

0.5125 

137.76 

0.25126 

0.4756 

137.47 

0.24956 

0.4436 

137.18 

0.24796 

260 

0.5647 

140.12 0.25596 

0.5218 

139.84 

0.25418 

0.4846 

139.57 

0.ZL230 

0.4520 

139.29 

0.25090 

270 

0.5746 

142.21 0.25B85 

0.5311 

141.94 

0.25708 

0.4934 

141.67 

0.25541 

0.4604 

141.40 

0.25383 

2BO 

0.5844 

144.32 0.26171 

0.5404 

144.06 

0.25996 

0.5022 

143.79 

0.25830 

0.4687 

143.53 

0.25672 

290 

0.5942 

146.44 0.26456 

0.5496 

146.18 

0.26281 . 

0.5109 

145.93 

0.26116 

0.4769 

145.67 

0.25959 

300 

0.6039 

148.57 0.2673B 

0.5587 

148.32 

0.26564 

0.5195 

148.07 

0.26400 

0.4851 

147.82 

0.26244 

310 

0.6136 

150.71 0.27019 

0.5678 

150.47 

0.26845 

0.5281 

150.23 

0.26682 

0.4933 

149.98 

0.26528 

320 

0.6233 

152.B7 0.27297 

0.5768 

152.63 

0.27124 

0.5366 

152.40 

0.26962 

0.5014 

152.16 

0.26808 

330 

0.6329 

155.04 0.27574 

0.5858 

154.81 

0.27402 

0.5451 

154.58 

0.27240 

0.5095 

154.35 

0.27087 

340 

0.6424 

157.23 D.27B49 

0.5949 

157.00 

0.27678 

0.5536 

156.78 

0.27517 

0.5175 

156.55 

0.27365 

350 

0.6519 

159.42 D.2B122 

0.6038 

159.21 

0.27952 

0.5620 

158.99 

0.27791 

0.5255 

158.77 

0.27640 

360 

0.6614 

161.64 0.2B393 

0.6126 

161.43 

0.28223 

0.5704 

161.21 

0.28064 

0.5334 

160.99 

0.27913 

370 

0.6709 

163.B6 D.2B663 

0.6215 

163.65 

0.28494 

0.5787 

163.45 

0.28335 

0.5413 

163.24 

0.28185 

3B0 

— 

— — 

0.6304 

165.90 

0.28763 

0.5870 

165.69 

0.28604 

0.5492 

165.49 

0.28455 

390 

- 

- 



__ 

- 

- 

- 

0.5571 

167.76 

0.28724 
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Table 11. Cairene 7—Properties of Superheated Vapor (Concluded) 



PreBBure 170 psla 

Pressure IBO 

paia 

Pressure 190 psia 

Pressure ZOO 

psia 


Gage pressure 155.3 pslg 

Gage pressure 16 

iSTs psig 

Gage pressure 175.3 psig 

Gage pressure 18 

5.3 psig 


(Sat temp 105.9 F) 

(Sat temp 110.2 F) 

(Sat temp 114.2 F) 

(Sat temp 118 

-IF) 

( 

V 

h 

a 

V 

h 

8 

i’ 

h 

8 

V 

h 

a 

110 

0.2913 

10B.07 

0.20122 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

120 

0.3012 

110.11 

0.20477 

0.2800 

109.61 

0.20299 

0.2606 

109.08 

0.20116 

0.2432 

108.54 

0.19948 

130 

0.3110 

112.16 

0.20827 

0.2B92 

111.67 

0.20650 

0.2698 

111.18 

0.20479 

0.2524 

110.68 

0.20313 

140 

0.3206 

114.20 

0.21171 

0.2983 

113.74 

D.20996 

0.2789 

113.27 

0.20831 

0.2612 

112.80 

0.20669 

150 

0.3299 

116.23 

0.2150B 

0.3074 

115.79 

0.21338 

0.2B7B 

115.36 

0.21177 

0.2698 

114.90 

0.21018 

160 

0.3390 

11B.27 

0.21B4D 

0.3165 

117.86 

0.21675 

0.2964 

117.44 

0.21515 

0.2782 

117.01 

0.21360 

170 

0.3479 

120.31 

0.22166 

0.3252 

119.92 

0.22005 

0.3048 

119.52 

0.21848 

0.2864 

119.11 

0.21697 

IBO 

0.3567 

122.36 

0.224B9 

0.3336 

121.98 

0.22329 

0.3130 

121.60 

0.22176 

0.2944 

121.21 

0.22027 

IPO 

0.3654 

124.41 

0.22B07 

0.3419 

124.05 

0.22649 

0.3210 

123.68 

0.22498 

0.3023 

123.31 

0.22353 

200 

0.3740 

126.47 

0.23122 

0.3502 

126.12 

0.22966 

0.3290 

125.77 

0.22817 

0.3100 

125.41 

0.22673 

210 

0.3B24 

12H.54 

0.23432 

0.3583 

128.20 

0.23279 

0.3369 

127.86 

0.23132 

D.3I76 

127.51 

0.22990 

220 

0.3907 

130.61 

D.23739 

0.3664 

130.29 

0.23SBB 

0.3446 

129.96 

0.23443 

0.3251 

129.62 

0.23303 

230 

0.39B9 

132.69 

0.24043 

0.3744 

132.3B 

0.23894 

0.3523 

132.06 

0.23751 

0.3325 

131.74 

0.23613 

240 

0.4071 

134.79 

0.24345 

D.3B22 

134.48 

0.24197 

0.3599 

134.18 

0.24055 

0.3397 

133,87 

0.23918 

250 

U.4152 

136.B9 

0.24643 

0.3B99 

136.59 

0.24496 

0.3674 

136.30 

0.24356 

0.3469 

136.00 

0.24220 

260 

0.4233 

139.00 

0.24939 

0.3976 

138.72 

0.24793 

0.3748 

138.43 

0.24655 

0.3541 

138.14 

0.24520 

270 

D.4314 

141.13 

0.25233 

0.4053 

140.85 

0.250BB 

0.3822 

140.57 

0.24951 

0.3612 

140.29 

0.24B17 

280 

0.4393 

143.26 

0.25523 

0.4129 

142.99 

0.25380 

0.3895 

142.73 

0.25244 

0.3682 

142.45 

0.25111 

2P0 

0.4471 

145.41 

0.25B11 

0.4204 

145.15 

0.25669 

0.3966 

144.89 

0.25533 

0.3752 

144.62 

0.25403 

300 

0.4549 

147.57 

0.26097 

0.427B 

147.31 

0.25955 

0.4037 

147.06 

0.25821 

O..^B21 

146.80 

0.25692 

310 

0.4627 

149.74 

0.263B1 

0.4352 

149.49 

0.26240 

0.4108 

149.24 

0.26106 

0.3889 

149.00 

0.25978 

320 

0.4704 

151.92 

0.26663 

0.4426 

151.68 

0.26523 

0.4179 

151.44 

0.26390 

0.3956 

151.20 

0.26262 

330 

Q.47BO 

154.12 

0.26942 

0.4500 

153.88 

0.26804 

0.4249 

153.65 

0.26671 

0.4023 

153.41 

0.26544 

340 

0.4B56 

156.32 

0.27220 

0.4573 

156.10 

0.27083 

0.4319 

155.87 

0.26951 

0.4091 

155.64 

0.26825 

350 

0.4933 

158.55 

0.27497 

0.4645 

158.32 

0.27359 

0.4389 

158.10 

0.27229 

0.4158 

157.88 

0.27103 

360 

0.5OOB 

160.7B 

0.27770 

0.4717 

160.56 

D.27634 

0.4458 

160.35 

0.27504 

0.4224 

160.13 

0.27380 

370 

0.5OB3 

163.03 

0.2B043 

0.47B9 

162.82 

0.27907 

0.4526 

162.60 

0.27778 

0.4290 

162.39 

0.27654 

380 

0.515B 

165.29 

0.2B313 

0.4B60 

165.08 

0.28178 

0.4593 

164.87 

0.28049 

0.4355 

164.67 

0.27927 

3P0 

0.5233 

167.56 

a.2B5B3 

0.4931 

167.36 

0.28448 

0.4661 

167.16 

0.28319 

0.4420 

166.95 

0.ZB19B 

400 

— 

— 

— 

0.5002 

169.65 

0.28716 

0.4729 

169.45 

0.ZB58B 

0.4484 

169.26 

0.28466 

Temp 

Pressure 220 psia 

Pressure 240 psia 

Pressure 260 psia 




F 

Gage pressure 205.3 psig 

Gage pressure 225.3 psig 

Gage pressure 245.3 psig 





(Sat temp 125.5 F) 

(Sat temp 132.4 F) 

(Sat temp 138.9 F) ' 




t 

V 

h 

A 

V 

h 

A 

V 

h 

H 




130 

0.2214 

109.60 

0.199B1 

_ 

_ 

_ 

_ 

_ 

_ 




140 

D.2301 

111,79 

0.20350 

0.2036 

110.70 

0.20035 

0.1807 

109.52 

0.19720 




150 

0.23B5 

113.96 

0.20709 

0.2119 

112.95 

0.ZD407 

0.1890 

111.87 

D.ZDJOB 




160 

0.2466 

116.12 

0.21060 

0.2199 

115.18 

0.20769 

0.1969 

114.17 

0.20482 




170 

0.2544 

11B.26 

0.21403 

0.2276 

117.38 

0.21122 

0.2045 

116.44 

0.20846 




180 

0.2621 

120.40 

0.21740 

0.2349 

119.56 

0.21465 

0.2117 

118.68 

0.21199 




IPO 

0.2696 

122.54 

0.22072 

0.2421 

121.74 

0.21803 

0.2187 

120.91 

0.21544 




200 

0.2769 

124.67 

0.22398 

U.Z491 

123.91 

0.22134 

0.2255 

123.12 

0.21BBZ 




210 

0.2B41 

126.Bl 

0.22719 

0.2560 

126.08 

0.22461 

D.Z321 

125.33 

0.22214 




220 

0.2911 

12B.95 

0.23035 

0.2628 

128.25 

0.22783 

0.2386 

127.53 

0.22541 




230 

0.29B1 

131,09 

0.23349 

0.2694 

130.42 

0.23100 

0.2450 

129.74 

0.ZZB63 




240 

0.3050 

133.24 

0.2365B 

0.2759 

132.59 

0.23413 

0.2512 

131.94 

0.23180 




250 

0.311B 

135.39 

0.23964 

0.2B23 

134.77 

0.23722 

0.2573 

134.14 

0.23492 




260 

0.31B5 

137.56 

0.24267 

0.2886 

136.96 

0.24027 

0.2633 

136.85 

0.23BD1 




270 

0.3251 

139.72 

0.24566 

0.294B 

139.15 

0.24329 

0.2692 

138.56 

0.24106 




2B0 

0.3316 

141.90 

0.24862 

0.3D10 

141.34 

0.24629 

0.2751 

140.78 

0.24408 




290 

D.33B1 

144.09 

0.25156 

0.3071 

143.55 

0.24924 

0.2809 

143.00 

0.24707 




300 

0.3445 

146.29 

0.25447 

0.3131 

145.76 

0.25217 

0.2866 

145.23 

0.25002 




310 

0.3509 

14B.49 

0.25736 

0.3191 

147.98 

0.25508 

0.2922 

147.47 

0.25295 




320 

0.3572 

150.71 

0.26022 

0.3250 

150.22 

0.25796 

0.2978 

149.72 

0.25585 




330 

0.3634 

152.94 

0.26305 

0.3309 

152.46 

0.26082 

0.3033 

151.97 

0.25872 




340 

0.3696 

155.IB 

0.26SB7 

0.3367 

154.71 

0.26366 

D.30BB 

154.24 

0.26157 




350 

0.3758 

157.43 

0.26B67 

0.3425 

156.97 

0.26647 

0.3142 

156.51 

0.26440 




360 

0.3B19 

159.69 

0.27145 

0.3482 

159.25 

0.26926 

0.3196 

158.80 

0.26721 




370 

0.3BBO 

161.96 

0.27420 

0.3539 

161.53 

0.27203 

0.3249 

161.10 

0.26999 




380 

0.3941 

164.25 

0.27694 

0.3595 

163.83 

0.27478 

0.3302 

163.41 

0.27275 




390 

0.4001 

166.55 

0.27966 

0.3652 

166.14 

0.27752 

0.3355 

165.73 

0.27550 




400 

0.4061 

16B.B6 

0.ZB237 

0.37DB 

16B.46 

0.2BOZ4 

D.340B 

168.06 

0.27823 




410 

0.4120 

171.IB 

D.2B505 

0.3763 

170.80 

0.28293 

0.3460 

170.40 

0.28094 




420 

— 

— 

— 

0.3818 

173.14 

0.28561 

0.3512 

172.76 

0.28364 








3Za 340 360 300 400 420 440 460 400 5O0 520 540 560 500 6 00 620 640 660 660 700 

ENTHALPY, BTU PER LB EDITED BY H.D.CffWARD5 
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Table Iz. Ethane—Properties of Liquid and Saturated Vapor 


Temp 

F 

( 

PresBure 

Liquid, 

density 

Vapor, 

Bp vdI 

Enthal^, datum —148 F 
Btu per lb 

Entropy, datum —148 F 
Btu per Ib F 

psia 

paig 

lb /cu ft 

i/i)/ 

cu ft/lb 

Vg 

Liquid 

V 

Vapor 

hg 

Liquid 

"/ 

Vapor 

-14B.0 

7.62 

14.40* 

35.00 

14.1 

0 

210.1 

0.000 

0.703 

-144.4 

B.60 

12.42* 

34.85 

12.5 

1.9 

210.7 

0.006 

0.697 

-140.B 

0.67 

10.24* 

34.70 

11.2 

3.8 

220.3 

0.012 

0.691 

-137.2 

10.85 

7.B4* 

34.55 

10.1 

5.8 

220.9 

0.018 

0.685 

-133.6 

12.17 

5.15* 

34.38 

9.05 

7.7 

221.5 

0.024 

0.680 

-130.0 

13.60 

2.24* 

34.22 

B.16 

0.7 

222.1 

0.030 

0.674 

-126.4 

15.16 

+0.46 

34.06 

7.41 

11.7 

222.8 

0.036 

0.670 

-122.B 

16.86 

2.16 

33.90 

6.73 

13.7 

223.6 

0.042 

0.665 

-110.2 

IB.70 

4.00 

33.74 

6.13 

15.B 

224.2 

0.048 

0.660 

-115.6 

20.60 

5.99 

33.58 

5.62 

17.0 

224.9 

0.054 

0.656 

-112.D 

22. B5 

8.15 

33.40 

5.14 

10.9 

225.6 

0.060 

0.652 

-10B.4 

25.17 

10.47 

33.24 

4.72 

22.1 

226.4 

0.066 

0.64B 

-104.8 

27.67 

12.97 

33.07 

4.33 

24.2 

221.2 

0.072 

0.644 

-IDl.Z 

30.36 

15.66 

32.90 

3.9B 

26.4 

227.9 

0.078 

0.641 

- 07.6 

33.23 

18.53 

32.72 

3.66 

28.5 

228.7 

0.084 

0.637 

- 04.0 

36.33 

21.63 

32.55 

3.30 

30.7 

220.6 

0.090 

0.634 

- 00.4 

30.63 

24.03 

32.38 

3.13 

33.0 

230.5 

0,096 

0.631 

- B6.B 

43.14 

28.44 

32.20 

2.90 

35.2 

231.2 

0.102 

D.62B 

- 83.2 

46. BB 

32.18 

32.03 

2.68 

37.5 

231.9 

D.lOB 

0.624 

- 79.6 

50. B7 

36.18 

31.86 

2.48 

39.8 

232.8 

0.114 

0.622 

- 76.0 

55.09 

40.39 

31.68 

2.30 

42.2 

233.7 

0.120 

0.619 

- 72.4 

59.SB 

44.88 

31.50 

2.13 

44.5 

234.6 

0.126 

0.617 

- 6B.B 

64.33 

40.63 

31.32 

1.98 

46.9 

235 5 

0.132 

0.615 

- 65.2 

60.35 

54.65 

31.14 

1.84 

49.3 

236.3 

0.139 

0.614 

- 61.6 

74.66 

59.06 

30.06 

1.71 

51.8 

111 .2 

0.146 

0.612 

- sa.o 

80.28 

65.58 

30.76 

1.60 

54.2 

238.2 

D.151 

0.609 

- 54.4 

86.15 

71.45 

30.5B 

1 .48 

56.7 

239.0 

0.157 

0.607 

- 50.B 

92.36 

77.66 

30.38 

1.38 

59.2 

239.9 

0.163 

0.605 

- 47.2 

98.89 

84.19 

30.IB 

1 .29 

61.8 

240.9 

0.169 

0.603 

- 43,6 

105.7 

01.0 

29.08 

1.21 

64.4 

241.9 

0.175 

0.602 

- 40.0 

112.9 

08.2 

29.78 

1.136 

67.0 

242.8 

0.181 

0.600 

- 36.4 

120.5 

105.8 

29.58 

1.064 

69.6 

243.7 

0.187 

D.59B 

- 32.8 

12B.4 

113.7 

29.37 

0.996 

72.3 

244.6 

0.194 

0.597 

- 20.2 

136.7 

122.0 

29.16 

0.936 

75.0 

245.5 

O.ZDD 

0.596 

- 25.B 

145.3 

130.6 

28.94 

0.882 

77.7 

246.4 

D.2D6 

0.595 

- 22.0 

154.4 

139.7 

2B.72 

0.831 

BO. 5 

247.4 

0.212 

0.594 

- IB.4 

163. B 

149.1 

28.50 

0.7BZ 

B3.4 

24B.3 

0.219 

0.593 

- 14.8 

173.7 

159.0 

28.27 

0.737 

B6.2 

249.1 

0.225 

0.591 

- 11.2 

184.0 

169.3 

28.04 

0.695 

B9.1 

240.9 

D.231 

0.590 

- 7.6 

194.7 

180.0 

27.80 

0.054 

92.0 

250. B 

D.23B 

0.589 

- 4.0 

205.0 

191.2 

27.57 

0.617 

95.0 

251.6 

0.244 

0.588 

- 0.4 

217.6 

202.9 

27.33 

0.582 

9B.D 

252.4 

0.250 

0.587 

-h 3.2 

220.7 

215.0 

27.08 

0.540 

101.1 

253.2 

D.Z57 

0.586 

6.B 

242.3 

227.6 

26.84 

0.518 

104.2 

254.0 

0.263 

0.584 

10.4 

255.4 

240.7 

26.SB 

0.490 

107.4 

254.7 

0.270 

0.583 

14.0 

269.1 

254.4 

26.32 

0.463 

110.7 

255.4 

0.277 

D.5B2 

17.5 

283.2 

268.5 

26.06 

0.437 

114.0 

256.1 

U.2B3 

0.581 

21.2 

298.0 

ZB3.3 

25.78 

0.412 

117.4 

256.7 

0.290 

0.580 

24.H 

313.3 

29B.6 

25.51 

0.38B 

120.9 

257.4 

0.297 

0.579 

28.4 

329.2 

314.5 

25.23 

0.366 

124.5 

25B.1 

0.304 

0.578 

32.0 

345.7 

331.0 

24.95 

0.346 

128.2 

258.7 

0.312 

0.577 

35.6 

362.7 

34B.0 

24.65 

0.328 

132.0 

250.3 

0.319 

0.576 

30.2 

380.5 

355.8 

24.34 

0.311 

135.9 

259.9 

0.327 

0.576 

42.B 

39B.B 

384.1 

24.00 

0.296 

140.0 

260.6 

0.335 

0.575 

46.4 

417.8 

403.1 

23.66 

0.282 

144.2 

261.0 

0.343 

0.574 

50.0 

437.5 

422.B 

23.29 

0.267 

14B.5 

261.3 

0.351 

0.573 

53.6 

457.9 

443.2 

22.90 

0.251 

153.0 

262 

0.360 

0.572 

57.2 

470.0 

464.3 

22.48 

0.233 

157 

262 

0.368 

0.571 

60.B 

500.9 

486.2 

22.03 

0.213 

161 

261 

0.376 

0.568 

64.4 

523.5 

508. B 

21.54 

0.199 

166 

261 

0.385 

0.566 

6B.D 

546.9 

532.2 

21.00 

0.1B5 

170 

260 

0.393 

D.563 

71.6 

571.1 

556.4 

20.46 

0.171 

175 

259 

0.402 

0.560 

75.2 

596.0 

581.3 

19.86 

0.158 

IBO 

257 

0.412 

0.555 

78.8 

621.8 

607.1 

19.16 

0.150 

IBS 

254 

D.421 

0.549 

B2.4 

64B.4 

633.7 

18.36 

0.133 

190 

250 

0.430 

0.541 

86.0 

675.9 

661.1 

17.20 

0.118 

195 

244 

0.439 

0.529 

80.6 

704.1 

689.4 

14.40 

0.089 

210 

233 

0.467 

0.509 

- oo.it 

707.8 

693.1 

12.63 

0.079 

220 

220 

0.485 

0.485 


* Inches uf mereiiry below one standard aLinDsphere. t Critioal. 

The Linde Air Products Company, oompilers. 
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Table 13. Ethylene—Properties of Liquid and Saturated Vapor 


Temp 

F 

1 

PrBBBure 

Liquid, 

density 

Vapor, 
sp vol 

Enthaipy, datum —176 F 
Btu per lb 

lEntro^, datum —176 F 
Btu per lb F 

pBla 

pBlK 

Ib/cu It 

1/Vf 

cu ft/lb 

Liquid 

hf 

1 Vapor 

/ip 

Liquid 

■/ 

1 Vapor 

1 

-176.8 

6.75 

16.18* 

36.60 

16.4 

0 

213.9 

D.OOO 

0.756 

-173.2 

7.72 

14.21* 

36.42 

14.5 

1.8 

214.5 

0.006 

0.749 

-169.6 

8.80 

12.01* 

36.23 

12.7 

3.5 

215.1 

O.DIZ 

0.742 

-166.0 

10.00 

9.57* 

36.05 

11.1 

5.3 

215.8 

0.018 

0.735 

-162.4 

11.35 

7.02* 

35.87 

9.71 

7.1 

216.3 

D.DZ4 

0.728 

-ISB.B 

12.80 

3.B7* 

35.69 

8.62 

9.0 

216.9 

0.03D 

0.722 

-155.2 

14.44 

0.52* 

35.51 

7.52 

10.8 

217.5 

0.036 

0.716 

-151.6 

16.22 

1.52 

35.32 

6.76 

12.6 

218.1 

0.042 

0.710 

-14B.0 

18.17 

3.47 

35.14 

6.06 

14.5 

218.7 

0.04B 

0.704 

-144.4 

20.36 

5.66 

34.96 

5.49 

16.4 

219.2 

0.054 

0.698 

-140.B 

22.65 

7 05 

34.78 

4.98 

18.3 

219.9 

0.060 

0.693 

-137.Z 

25.17 

1o!47 

34.60 

4.50 

20.2 

ZZ0.6 

0.066 

0.688 

-133.6 

27.91 

13 21 

34.42 

4.08 

22.2 

ZZl.Z 

0.072 

0.683 

-130.0 

30.86 

16 16 

34.23 

3.72 

24.1 

221.8 

0.078 

0.678 

-126.4 

34.06 

19.36 

34.05 

3.39 

26.0 

222.3 

0.GB4 

0.673 

-122.B 

37.50 

22 80 

33.87 

3.11 

28.1 

223.1 

0.090 

0.669 

-119.2 

41.19 

26 49 

33.69 

2.85 

30.1 

223.8 

0.096 

0.665 

-115.6 

45.16 


33.50 

2.62 

32.2 

224.6 

0.1D2 

D.661 

-112.0 

49.40 

34 70 

33.30 

2.40 

34.2 

225.3 

D.lOB 

D.658 

-108.4 

53.93 

39.23 

33.11 

2.21 

36.3 

226.0 

0 114 

0.654 

-104.8 

58.76 

44 06 

32.91 

2.04 

38.4 

226.7 

0.120 

0.650 

-101.2 

63.90 


32.72 

l.BQ 

40.5 

27.7.3 

0.125 

0.647 

- 97.6 

60.37 

54 67 

32.50 

1.75 

42.6 

22B.0 

0.131 

0.643 

- 04.0 

75.17 

6o 47 

32.28 

1.62 

44.8 

228.7 

0.137 

0.640 

- 90.4 

81.32 

66! 62 

32.07 

1 .51 

47.D 

229.4 

0.143 

D.637 

- 86.B 

87.88 


31.86 

1.40 

49.2 

230.1 

0.149 

0.634 

- 83.2 

94.76 


31.64 

1.31 

51.4 

230.8 

0.155 

0.631 

- 79.6 

102.0 

87 3 

31.42 

l.ZZ 

53.7 

231.5 

0.161 

0.628 

- 76.0 

109.7 

05 0 

31.20 

1.14 

55.9 

232.1 

0.166 

0.626 

- 72.4 

117.7 

103!o 

30.98 

1.07 

58.3 

232.9 

0.172 

0.623 

- 68.8 

126.2 

111 5 

30.76 

1.00 

60.6 

233.5 

D.17B 

0.621 

- 65.2 

135.1 

120 4 

30.54 

0.935 

63.0 

234.3 

0.184 

0.618 

- 61.6 

144.4 

129.7 

30.31 

0.885 

65.3 

234.9 

0.190 

0.616 

- 5B.0 

154.2 

139 '5 

30.07 

0.826 

67.8 

235.5 

0.196 

0.613 

- 54.4 

164.5 

149!8 

29.83 

0.775 

70.3 

235. B 

0.202 

D.61D 

- 50.8 

175.2 

160.5 

29.58 

0.730 

72.7 

236.1 

0.2DB 

D.60B 

47.2 

186.7 

172 0 

29.34 

0.685 

75.3 

236.4 

0.214 

0.605 

- 43.6 

198.1 

181 d. 

29.10 

0.645 

77.8 

236.7 

O.ZZO 

D.60Z 

- 40.0 

210.4 

* .*t 

196.7 

28.84 

0.606 

80.4 

237. D 

0,226 

0.599 

- 36.4 

223.2 

208! 5 

28.58 

0.571 

83.0 

237.3 

0.232 

0.596 

- 32.8 

236.6 

221 Q 

28.32 

0.535 

85.7 

237.5 

0.238 

0.594 

- 29.2 

250.5 

235 8 

28.04 

0.503 

88.4 

237.4 

0.244 

0.590 

- 25.8 

265.2 

250 5 

27.76 

0.474 

91.1 

237.4 

0.25D 

0.587 

- 22.0 

280.1 

265 A 

27.47 

0.444 

93.9 

237.4 

0.256 

0.584 

- 18.4 

296.0 

281.3 

27.18 

0.418 

96.8 

237.2 

0.263 

0.581 

- 14.B 

312.2 

297 5 

26.87 

0.392 

99.6 

236.8 

0.269 

0.577 

- 11.2 

329.3 


26.56 

0.368 

102.7 

236.4 

0.275 

0.573 

- 7.6 

346.8 

132 '1 

26.24 

0.345 

105.7 

235.9 

0.282 

0.570 

- 4.0 

365.5 

350 8 

25.92 

0.323 

IDB.B 

235.3 

O.ZBB 

0.566 

- 0.4 

384.3 

369! 6 

25.57 

D.30Z 

112.0 

234.8 

0.295 

0.562 

4- 3.2 

404.4 

389 7 

25.22 

0.283 

115.2 

234.2 

D.301 

0.558 

6.8 

424.7 

Ain n 

24.84 

0.266 

118.7 

233.6 

0.3DB 

0.555 

10.4 

446.5 

4iU . U 

1 A\1 R 

24.45 

0.249 

122.3 

233.0 

0.316 

0.551 

14.0 

468.7 

1 • D 

A^ fl 

24.03 

0.234 

126.0 

232.4 

0.323 

0.548 

17.6 

491.8 

477.1 

23.60 

0.218 

130 

232 

0.331 

0.545 

21.2 

515.0 


23.13 

0.205 

134 

230 

0.339 

D.541 

24.8 

540.4 

5D0.3 

22.63 

0.190 

138 

229 

0.348 

0.537 

28.4 

556.7 

oAa . / 

KKt n 

22.09 

0.176 

142 

228 

0.357 

0.533 

32.0 

593.3 

c7b a 

21.48 

0.163 

147 

226 

0.367 

0.529 

35.6 

619.8 

DfOmU 

606.1 

20.83 

D.149 

152 

224 

0.377 

0.523 

39.2 

649.5 

ftlR 1 

20.04 

0.135 

158 

222 

0.389 

D.520 

42.8 

678.0 

DJo»1 

19.12 

0.121 

166 

ZlB 

0.404 

0.508 

46.4 

710.3 

6^6 

17.92 

0.103 

177 

211 

0.420 

0.494 

4B.B5t 

731.8 

717!i 

13.48 

D.074 

194 

194 

0.460 

0.460 


* Inches of mercury below one atanilnrd atmonphere. 


t Critical. 
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Table 14. F -11 (CCI 3 F) TrichlorDinonofluoromethane^PrDperties of Liquid 
and Saturated Vapor 


Temp 

F 

t 

PresBure 

Liquid, 
sp vol 

Vapor» 
sp vdI 

Enthalpy, datum —40 F 
Btu per lb 

Entropy, datum —40 F 
Btu per lb F 

psia 

psiK 

cu ft/Ib 
”/ 

cu ft/lb 

Vg 

Liquid 

V 

Vappr 

hg 

Liquid 

‘V 

Vapor 

Sg 

-90 

D.IOD 

29.72+ 

0.00964 

289.0 

-9.7 

81.7 

-0.0247 

0.2226 

-BO 

.157 

29.60* 

.00961 

1B9.0 

-7.7 

82.9 

- .0195 

.2192 

-70 

.240 

29.43* 

.00967 

127.0 

-5.8 

84.0 

- .0144 

.2161 

-60 

.35B 

29.19* 

.00974 

87.0 

-3.8 

85.2 

- .0095 

.2132 

-50 

.520 

2B.B6* 

.00981 

61.3 

-1.9 

B6.3 

- .0047 

.2106 

-4D 

0.739 

28.42+ 

0.009BB 

44.21 

0.00 

87.48 

0.0000 

0.ZUB5 

36 

0.847 

2B.20+ 

.00991 

38.93 

0.79 

87.96 

.0019 

.2076 

-32 

D.96B 

27.95* 

.00993 

34.37 

1.5B 

BB.44 

.0037 

.2068 

- 28 

1.103 

27.67* 

.00996 

30.44 

2.36 

88.91 

.0055 

.2060 

- 24 

1.253 

27.37* 

.00999 

27.03 

3.15 

89.39 

.0073 

.2053 

-20 

1.420 

27.03+ 

0.01002 

24.06 

3.94 

89.87 

0.0091 

0.2046 

-16 

1.605 

26.65* 

.01005 

21.47 

4.73 

90.35 

.0109 

.2040 

12 

I.BIO 

26.24* 

.01008 

19.20 

5.52 

90.83 

.0127 

.2033 

- B 

2.035 

25.78* 

.01011 

17.21 

6.31 

91.31 

.0145 

.2027 

- 4 

2.2B3 

25.27* 

.01015 

15.47 

7.10 

91.79 

.0162 

.2021 

0 

2.555 

24.72* 

O.OIOIB 

13.94 

7.89 

92.27 

0.0179 

D.2D15 

4 

2.B52 

24.11+ 

.01021 

12.5B 

8.68 

92.75 

.0197 

.2010 

St 

2.931 

23.95* 

.01022 

12.27 

8.88 

92. BB 

.0201 

.2009 

B 

3.179 

23.45+ 

.01024 

11.38 

9.48 

93.24 

.02*3 

. 2005 

12 

3.534 

22.73* 

.01027 

10.31 

10.28 

93.72 

.0231 

.2000 

16 

3.923 

21.94* 

.01031 

9.359 

11.07 

94.21 

.0248 

.1996 

20 

4.342 

21.08* 

0.01034 

8.519 

11. B7 

94.69 

0.0264 

0.1991 

24 

4.B01 

20.15* 

.01037 

7.760 

12.68 

95 18 

.0281 

.1987 

2B 

5.294 

19.14* 

.01041 

7.0B7 

13.48 

95.66 

.0297 

.1983 

32 

5.830 

IB.05* 

.01044 

6.4B1 

14.28 

96.15 

.0314 

.1979 

36 

6.411 

16.87* 

.0104B 

5.934 

15.08 

96.63 

.0330 

.1976 

40 

7.032 

15.61* 

0.01051 

5.447 

15.89 

97.11 

0.0345 

0.1972 

44 

7.702 

14.24* 

.01055 

5.006 

16.70 

97.60 

.0362 

.1969 

4B 

B.422 

12.78* 

.01058 

4,607 

17.52 

9B.0B 

.0378 

.1966 

52 

9.199 

11.20* 

.01062 

4.245 

18.33 

98.56 

.0394 

.1963 

56 

10.02 

9.53* 

.01066 

3.921 

19.15 

99.05 

.0410 

.1960 

60 

10.90 

7.73* 

0.01069 

3.636 

19.96 

99.53 

0.0426 

0.1958 

64 

11. B5 

5. BO* 

.01073 

3.356 

20.78 

100.01 

.0442 

.1955 

6B 

12.87 

3.72* 

.01077 

3.107 

21.61 

100.49 

.0457 

.1953 

72 

13.95 

1.53* 

.01081 

2.883 

22.43 

100.97 

.0473 

.1950 

76 

15.09 

0.39 

.010B5 

2.679 

23.26 

101.45 

.0489 

.194B 

BO 

16.31 

1.61 

O.OIDBB 

2.492 

24.09 

101.93 

0.05D4 

0.1947 

B4 

17.60 

2.90 

.01092 

2.322 

24.93 

102.41 

.0519 

.1945 

86t 

IB.28 

3.58 

.01094 

2.242 

25.34 

102.65 

.0527 

.1944 

BB 

IB.97 

4.27 

.01096 

2.165 

25.76 

102.B9 

0535 

.1943 

92 

20.43 

5.73 

.01101 

2.020 

26.60 

103.36 

.0550 

.1941 

96 

21.97 

7.27 

.01105 

1.887 

27.43 

103.B3 

.0565 

.1940 

100 

23.60 

8.90 

0.01109 

1.765 

28.27 

104.30 

0.D5BD 

0.1938 

104 

25.33 

10.63 

.01113 

1.652 

29.12 

104.77 

.0595 

.1937 

108 

27.15 

12.45 

.01117 

1.548 

29.97 

105.24 

.0610 

.1936 

112 

29.05 

14.35 

.01122 

1.452 

30.82 

105.71 

.0625 

.1935 

116 

31.07 

16.37 

.01126 

1.363 

31.67 

106.17 

.0639 

.1934 

120 

33.20 

18.50 

0.01130 

1.2BI 

32.53 

106.63 

0.0654 

0.1933 

124 

35.42 

20.72 

.01135 

1.206 

33.3B 

107.09 

.0669 

.1932 

12B 

37.74 

23.04 

.01139 

1.135 

34.24 

107.55 

.0683 

.1931 

132 

40.23 

25.53 

.01144 

1 .068 

35.10 

108.00 

.0698 

.1930 

136 

42. BO 

2B.10 

.01149 

1.007 

35.97 

108.46 

.0712 

.1929 

140 

45.50 

30. BO 

0.01154 

0.9505 

36.84 

10B.91 

0.0727 

0.1929 

144 

4B.35 

33.65 

.01159 

.8970 

37.71 

109.35 

.0741 

.1928 

14B 

51.31 

36.61 

.01163 

.B476 

38.59 

109.80 

.0755 

.1927 

152 

54.41 

39.71 

.01168 

.8014 

39.46 

110.24 

.0770 

.1927 

156 

57.65 

42.95 

.01173 

.7581 

40.35 

110.69 

.0784 

.1927 

160 

61.04 

46.34 

0.01179 

0.7176 

41.23 

111.12 

0.0798 

0.1926 


InchoH of mer[;ury bslnw one standard atiniiBplicre. 
t Standard cycle temperatures. 
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PART II. TABLES 


Table 15. F-11 (CC1|F) TrichlDromonofluoromethane—Properties of Superheated Vapor 


Temp 

P 

PreBBure 0.2 pBia 

Gage proBBure 29.51 In. vsc 
(Sat tsmp —74.4 F) 

PreBBure 0.4 psla 

Gage preBBiire 29.11 in. vac 
(Sat temp —57.2 F) 

PreBBure 0.6 psia 

Gage presBure 28.70 In. vac 
(Sat temp -46.1 F) 

PresBure 0:8 peia 

Gage preBBUre 28.29 in. vac 
(Sat temp -37.7 F) 

t 

D 

h 

a 1 

V 

k 

■ 

v 

h 

B 

r 

h 

E 

(aC aat) 

(150) 

(85.5) (0.EI74) 1 

(87.6) 

(86.6) 

i0.ei£5) 

(63.8) 

(86.8) 

(0.£097) 

(41.09) 

(87.76) (0.£080) 

0 

IBO 

92.5 

0.23B7 

B9.B 

92.4 

0.2285 

59.8 

92.4 

0.2225 

44.77 

92.37 

0.2185 

10 

1B3 

93.7 

.2414 

91.7 

93.6 

.2312 

61.1 

93.6 

.2252 

45.74 

93.62 

.2212 

20 

1B7 

94.9 

.2440 

93.7 

93.8 

.2339 

62.4 

94.8 

.2278 

46.73 

94.88 

.2238 

30 

191 

96.2 

.2466 

95.6 

96.1 

.2365 

63.7 

96.1 

.2304 

47.70 

96.15 

.2265 

40 

195 

97.5 

.2492 

97.6 

97.4 

.2391 

65.0 

97.4 

.2330 

48.69 

97.43 

.2291 

50 

199 

9B.B 

0.251B 

99.5 

98.7 

0.2417 

66.3 

98.7 

0.2356 

49.66 

.98.72 

0.2316 

60 

203 

100.1 

.2543 

102 

100.0 

.2442 

67.7 

100.0 

.2382 

50.65 

100.03 

.2341 

70 

207 

101.4 

.2568 

103 

101.3 

.2467 

69.0 

101.3 

.2407 

51.62 

101.34 

.2366 

BO 

211 

102 .B 

.2593 

105 

102.7 

.2492 

70.3 

102.7 

.2432 

52.60 

102.67 

.2391 

90 

215 

104.1 

.2617 

107 

104.0 

.2517 

71.6 

104.0 

.2457 

53.38 

104.00 

.2418 

100 

219 

105.5 

0.2641 

109 

105.4 

0.2541 

72.9 

105.4 

0.2481 

54.56 

105.34 

.2440 

no 

222 

106 .B 

.2665 

in 

106.7 

.2565 

74.2 

106.7 

.2505 

55.54 

106.69 

.2464 

120 

226 

lOB.l 

.26BB 

113 

108.0 

.2589 

75.5 

108.0 

.2529 

56.62 

108.06 

.2487 

130 

230 

109.5 

.2711 

115 

109.4 

.2612 

76. B 

109.4 

.2552 

57.50 

109.43 

.2511 

140 

234 

110.9 

.2734 

117 

110.8 

.2635 

78.1 

110.8 

.2575 

58.58 

110.81 

.2534 

150 

Z3B 

112.3 

0.2757 

119 

112.2 

0.2658 

79.4 

112.2 

0.2598 

59.46 

112.21 

0.2557 

160 

242 

113.7 

.2780 

121 

113.6 

.2681 

80.7 

113.6 

.2621 

60.44 

113.61 

.2580 

170 

246 

115.1 

.2803 

123 

115.0 

.2704 

82.0 

115.0 

.2644 

61.42 

115.03 

.2603 

IBO 

250 

116.6 

.2825 

125 

116.5 

.2726 

83.3 

116.5 

.2667 

62.40 

116.46 

.2625 

190 

254 

IIB.O 

.2B47 

127 

117.9 

.2748 

84.6 

117.9 

.2689 

63.37 

117.89 

.2648 


PreBBUTB 2.0 pBla 

Pressure 4.0 psia 

PreBBure 6.0 psia 

Pressure 8.0 psia 

r^iip 

Gaga prBBSurB 25.85 In. vac 

Gage preBBure 21.78 In. vac 

Gage proBBure 17.71 In. vac 

Gage pressure 13.64 in. vac 


(Sat temp — 8.6 F) 

(Sat temp 16.7 F) 

(Sat temp 33.2 F) 

(Sat temp 45.7 F) 

(al! Hrif) 

(17.50) 

iOi.S4) 

i0.1B0£8) 

(9.134) 

(94.30) 

(0.1996) 

(ff.Si3) 

(96.S0) 

(0.1978) 

(4.833) 

(97.80) 

(0.19S8) 

50 

19.81 

98.66 

0.21B3 

9.B53 

98.56 

0.2081 

6.534 

98.46 

0.2021 

4.875 

98.36 

0.1979 

60 

20.20 

99.97 

.2208 

10.05 

99.87 

.2107 

6.668 

99.77 

.2047 

4.976 

99.67 

.2004 

70 

20.59 

101.2B 

.2233 

10.25 

101.18 

.2132 

6.802 

101.09 

.2072 

5.077 

100.99 

.2029 

80 

20.99 

102.61 

.2258 

10.45 

102.51 

.2157 

6.936 

102.42 

.2097 

5.178 

102.32 

.2054 

90 

21.38 

103.94 

.2282 

10.65 

103.45 

.2181 

7.069 

103.76 

.2121 

5.279 

103.66 

.2079 

100 

21.77 

105.2B 

0.2307 

10.B4 

105.20 

0.2205 

7.202 

105.11 

0.2146 

5.380 

105.02 

0.2103 

no 

22.17 

106.64 

.2331 

11.04 

106.56 

.2229 

7.335 

106.47 

.2170 

5.480 

1116.38 

.2127 

120 

22.56 

108.01 

.2354 

11.24 

107.93 

.2253 

7.467 

107.84 

.2194 

5.580 

107.75 

.2151 

130 

22.95 

109.38 

.2378 

11.44 

109.30 

.2277 

7.600 

109.22 

.2217 

5.680 

109.13 

.2175 

140 

23.35 

110.76 

. 2401 

11.64 

110.68 

.2300 

7.733 

110.61 

.2241 

5.780 

110.52 

.2198 

150 

23.74 

112.17 

0.2424 

11.83 

112.08 

0.2323 

7.865 

112.01 

0.2264 

5.880 

111.92 

0.2221 

160 

24.13 

113.57 

.2447 

12.03 

113.49 

.2346 

7.998 

113.41 

.2287 

5.980 

113.34 

.2244 

170 

24.52 

114.9B 

.2470 

12.23 

114.91 

.2369 

8.130 

114.83 

.2309 

6.081 

114.76 

.2267 

IBO 

24.92 

116.41 

.2492 

12.43 

116.34 

.2391 

8.263 

116.26 

.2332 

6.181 

116.19 

.2290 

190 

25.31 

117.85 

.2515 

12.62 

117.77 

.2414 

8.395 

117.70 

.2354 

6.281 

117.63 

.2312 

200 

25.70 

119.30 

0.2537 

12.82 

119.22 

0.2436 

8.527 

119.15 

0.2376 

6.380 

119.08 

0.2334 

210 

26.10 

120.76 

.2559 

13.02 

120.68 

.2458 

8.659 

120.61 

.2398 

6.480 

120.55 

.2356 

220 

26.49 

122.22 

.25B1 

13.22 

122.15 

.2480 

8.791 

122.08 

.2420 

6.579 

122.02 

.2378 

230 

26.88 

123.70 

.2602 

13.41 

123.63 

.2501 

8.923 

123.56 

.2442 

6.679 

123.50 

.2400 

240 

27.27 

125.19 

.2624 

13.61 

125.13 

.2523 

9.056 

125.06 

.2463 

6.779 

124.09 

.2421 


PreBBure 10 pala 

1 PreBBure 20 psia 

PreBBure 30 psia 

Pressure 40 psia 

i Bmp 

F 

Gage preBBure 9.57 In. vac 

Gage 

pressure 5.3 psig 

Gage preBBure 15.3 psig 

Gage pressure 25.3 psig 


(Sat temp 55.9 F) 

1 (Sat temp 90.8 F) 

(Sat temp 113.9 F) 

(^t temp 131.6 F) 

(»( flat] 

(SJJSS) 

(93.04) 

(0.1960) 

(£.081) 

(103.££) (0.ID4£) 

(1.409) 

(106.93) (0.1935) 

(1.074) 

(107.9G) (0.1930) 

100 

4.2B5 

104.93 

0.2070 

2.099 

104.47 

0.1964 







no 

4.366 

106.29 

.2094 

2.140 

105.84 

.1989 







120 

4.447 

107.67 

.2118 

2.182 

107.23 

.2013 

1.426 

106.79 

0.1949 




130 

4.52B 

109.05 

.2141 

2.224 

108.63 

.2036 

1.455 

108.19 

.1973 




140 

4.609 

110.44 

.2165 

2.266 

110.03 

.2060 

1.484 

109.60 

.1997 

1.092 

109.17 

0.1950 

150 

4.690 

111.85 

0.21BB 

2.307 

111.44 

0.2083 

1.513 

111.02 

0 .2D20 

1.115 

110.60 

0.1974 

160 

4.771 

113.26 

.2211 

2.349 

112.87 

.2107 

1.541 

112.45 

.2044 

1.137 

112.04 

.1997 

170 

4.B51 

114.69 

.2234 

2.390 

114.31 

.2130 

1.569 

113.90 

.2067 

1.159 

113.49 

.2021 

180 

4.932 

116.12 

.2257 

2.431 

115.75 

.2152 

1.598 

115.35 

.2090 

1.181 

114.95 

.2044 

190 

5.012 

117.56 

.2279 

2.473 

117.19 

.2175 

1.626 

116.81 

.2112 

1.202 

116.42 

.2067 

200 

5.092 

119.01 

0.2301 

2.514 

118.65 

0.2197 

1.654 

118.27 

0.2135 

1.224 

117.89 

0.2089 

210 

5.171 

120.48 

.2323 

2.555 

120.12 

.2219 

1.682 

119.75 

.2157 

1.246 

119.38 

.2112 

220 

5.251 

121.95 

.2345 

2.596 

121.60 

.2241 

1.711 

121.24 

.2179 

1.268 

120.88 

.2134 

230 

5.331 

123.43 

.2367 

2.637 

123.09 

.2263 

1.739 

122.74 

.2201 

1.289 

122.39 

.2156 

240 

5.411 

124.92 

.23BB 

2.67B 

124.59 

.2285 

1.767 

125.25 

.2223 

1.311 

124.91 

.2178 

250 

5.491 

126.43 

0.2409 

2.719 

126.11 

0.2306 

1.794 

125.77 

0.2244 

1.332 

125.44 

0.2199 

260 

5.571 

127.95 

.2431 

2.760 

127.63 

.2328 

1.822 

127.30 

.2266 

1.353 

126.97 

.2221 

270 

5.650 

129.4B 

.2452 

2.800 

129.16 

.2349 

1.850 

128.84 

.2287 

1.374 

128.52 

.2242 

ZBO 

5.730 

131.01 

.2473 

2.841 

130.70 

.2370 

1.878 

130.39 

.2308 

1.396 

130.08 

.2263 

290 

5.B09 

132.56 

.2494 

2.881 

132.25 

.2391 

1.905 

131.95 

.2329 

1.417 

131.64 

.2284 
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PART II. TABLES 


Table 16. F-12 (CCLFs) DichJorodifluDrometliBiie—Properties of Liquid and Saturated Vapor 


Tsmp 

F 

1 

Pressure 

LUuid 

Bp VOl 

Vapor, 
sp vol 

Enthal^, datum —40 F 
Btu per lb 

Entropy, datum —40 F 
Btu per lb F 

psia 

psis 

cu ft/lb 

Vf 

cu ft/lb 

Vg 

Liquid 

hf 

Vapor 

hg 

Liquid 

Vapor 

**17 

-155 

0.1163 

29.68* 

0.00954 

232.29 

-24.61 

60.00 

- 0.0686 

0.2092 

-150 

0.1527 

29.61* 

0.00957 

179.79 

-23.50 

60.57 

-0.0650 

0.2065 

-145 

.19B5 

29.52* 

.00961 

140.52 

-22.39 

61.14 

- .0615 

.2040 

-140 

.2554 

29.40* 

.00965 

110.92 

-21.29 

61.72 

- .0580 

.2017 

-135 

.3256 

29.26* 

.00969 

8B.34 

-20.19 

62.30 

- .0546 

.1995 

-130 

.4116 

29.08* 

.00973 

70.94 

-19.10 

62.88 

- .0512 

.1975 

- 1Z5 

0.5160 

28.87* 

0.00977 

57.42 

-18.02 

63.46 

-0.0480 

0.1955 

-IZO 

.6417 

28.61* 

.009B1 

46.84 

-16.94 

64.04 

- .0448 

. 1937 

-115 

.7921 

28.31* 

.00985 

38.49 

-15.85 

64.63 

- .0416 

.1919 

-110 

.9709 

27.94* 

.D09B9 

31.84 

-14.78 

65.22 

- .0385 

.1903 

-105 

1.1B2 

27.51* 

.00994 

26.51 

-13.71 

65. B1 

- .0355 

.1888 

-100 

1.430 

27.01* 

0.00998 

22.20 

-12.64 

66.40 

-0.0325 

0.1873 

- 95 

1.719 

26.42+ 

.01003 

18.71 

-11.SB 

66.99 

- .0295 

.1860 

- 90 

2.054 

25.74* 

.01007 

15.B6 

-10.51 

67.59 

- .0266 

.1847 

- b5 

2.441 

24,95* 

.01012 

13.51 

- 9.46 

68.18 

- .0238 

.1835 

- BO 

2.Ba5 

24.05* 

.01016 

11.57 

- 8.40 

68.77 

- .0210 

.1823 

- 75 

3.393 

23.01* 

0 . 01 D 21 

9.95b 

- 7.35 

69.36 

-0.0182 

0.1813 

- 70 

3.971 

21.B4* 

.01026 

8 . 6 f)B 

- 6.30 

69.95 

- .0155 

.1802 

- 65 

4.626 

20.50* 

.01031 

7.474 

- 5.25 

70.54 

- .0128 

.1793 

- 60 

5.365 

19.00* 

.01036 

6.516 

- 4.20 

71.13 

- .0102 

.1783 

- 55 

6.195 

17.31* 

.01041 

5.704 

- 3.15 

71.72 

- .0076 

.1774 

- 50 

7.125 

15.42* 

0.01047 

5.012 

- 2.11 

72.31 

-0.0050 

D.1767 

- 45 

B.163 

13.31* 

.01052 

4.420 

- 1.06 

72.91 

- .0025 

.1759 

- 40 

9.317 

10.96* 

.01057 

3.911 

D.DO 

73.50 

.0000 

.1752 

- 35 

10.60 

B.34* 

.01063 

3.471 

1.01 

74.10 

H- .0024 

.1745 

- 30 

12.02 

5.45* 

0.0107 

3.088 

2.03 

74.70 

0.00471 

D.17387 

- ZB 

12.62 

4.23* 

.0107 

2.950 

2.44 

74.94 

.00565 

.17364 

- 26 

13.26 

2.93* 

.0107 

2.820 

2.85 

75.18 

.00659 

.17340 

- 24 

13.90 

1.63* 

.OlOB 

2.698 

3.25 

75.41 

.00753 

.17317 

- 2Z 

14.5B 

0.24* 

.0108 

2.583 

3.66 

75.64 

.00646 

.17296 

- 20 

15.2B 

0.58 

O.OlOB 

2.474 

4.07 

75. B7 

0.00940 

0.17275 

- 18 

16.01 

1.31 

.DlOB 

2.370 

4.48 

76.11 

.01033 

.17253 

- 16 

16.77 

2.07 

.0108 

2.271 

4.89 

76.34 

.01126 

.17232 

- 14 

17.55 

2.85 

.0109 

2.177 

5.30 

76.57 

.D 12 LB 

.17212 

- IZ 

IB.37 

3.67 

.0109 

2.088 

5.72 

76.81 

.01310 

.17194 

- 10 

19.20 

4.50 

0.0109 

2.003 

6.14 

77.05 

0.01403 

□.17175 

- B 

20.OB 

5.3B 

.0109 

1.922 

6.57 

77.29 

.01496 

.17158 

- 6 

20.98 

6 .ZB 

.0110 

1.845 

6.99 

77.52 

.01589 

.17140 

- 4 

21.91 

7.21 

.0110 

1.772 

7.41 

77.75 

.01682 

.17123 

- 2 

22.87 

8.17 

.0110 

1.703 

7.83 

77.98 

.01775 

.17107 

0 

23. B7 

9.17 

O.OllO 

1.637 

8.25 

78.21 

0.01869 

0.17091 

2 

24.89 

10.19 

.0110 

1.574 

8.67 

78.44 

.01961 

.17075 

4 

25.96 

11.26 

.0111 

1.514 

9.10 

78.67 

.02052 

.17060 

St 

26.51 

11.81 

.0111 

1.485 

9.32 

78.79 

.02097 

.17052 

6 

27.05 

12.35 

.Dili 

1.457 

9.53 

78.90 

.02143 

.17045 

B 

28.18 

13.48 

.Dili 

1.403 

9.96 

79.13 

.02235 

.17030 

10 

29.35 

14.65 

0.0112 

1.351 

10.39 

79.36 

0.02328 

0.17015 

12 

30.56 

15.86 

.0112 

1.301 

10.82 

79.59 

.02419 

.17001 

14 

31.80 

17.10 

.0112 

1.253 

11.26 

79.82 

.02510 

.16987 

16 

33.OB 

18.38 

.0112 

1.207 

11.70 

80.05 

.02601 

.16974 

IB 

34.40 

19.70 

.0113 

1.163 

12.12 

80.27 

.02692 

.16961 

20 

35.75 

21.05 

0.0113 

1.121 

12.55 

80.49 

0.02783 

0.16949 

22 

37.15 

22.45 

.0113 

l.DBl 

13.00 

BD.72 

.02873 

.16938 

24 

38.5B 

23. BB 

.0113 

1.043 

13.44 

80.95 

.02963 

.16926 

26 

40.07 

25.37 

.0114 

1.007 

13.88 

81.17 

.03053 

.16913 

ZB 

41.59 

26.B9 

.0114 

0.973 

14.32 

81.39 

.03143 

.16900 


• Inches of mercury below ona atmosphere, 
t Standard cycle temperature. 
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Table 16. F-12 (CCLF-i) Dichlorodifluoromethane^Properties of 
Liquid and Saturated Vapor (Concluded) 


Temp, 

F 

l 

PresBure 

Liquid, 

Bp vol 

Vapor, 

Bp vol 

Enthalpy, datum —40 F 
Btu per lb 

Entropy, datum —40 F 
Btu per lb F 

psia 

psig 

1 cuft/Ib 

cu ft/Ib 

Liquid 

Vapgr 

Liquid 

Vapor 




1 r/ 


V 

hg 

V 

Hg 

30 

43.16 

28.46 

0.0115 

0.939 

14.76 

81.61 

0.03233 

0.16887 

32 

44.77 

30.07 

.0115 

.908 

15.21 

81.83 

.03323 

.16876 

34 

46.42 

31.72 

.0115 

.877 

15.65 

82.05 

.03413 

.16865 

36 

48.13 

33.43 

.0116 

.848 

16.10 

82.27 

.03502 

.16854 

38 

49.88 

35.18 

.0116 

.819 

16.55 

82.49 

.03591 

.16843 

40 

51.68 

36.98 

0.0116 

0.792 

17.00 

82.71 

0.03680 

0.16833 

42 

53.51 

38.81 

.0116 

.767 

17.46 

82.93 

.03770 

.16823 

44 

55.40 

40.70 

.0117 

.742 

17.91 

83.15 

.03859 

.16813 

46 

57.35 

42.65 

.0117 

.718 

18.36 

83.36 

.03948 

.16803 

48 

59.35 

44.65 

.0117 

.695 

18.82 

83.57 

.04037 

.16794 

50 

61.39 

46.69 

0.0118 

0.673 

19.27 

83.78 

0.04126 

0.16785 

52 

63.49 

48.79 

.0118 

.652 

19.72 

83.99 

.04215 

.16776 

54 

65.63 

50.93 

.0118 

.632 

20.18 

84.20 

.04304 

.16767 

56 

67.84 

53.14 

.0119 

.612 

20.64 

84.41 

.04392 

.16758 

58 

70.10 

55.40 

.0119 

.593 

21.11 

84.62 

.04480 

.16749 

60 

72.41 

57.71 

D.OllO 

0.575 

21.57 

84.82 

D.04568 

0.16741 

62 

74.77 

60.07 

.0120 

.557 

22.03 

85.02 

.04657 

.16733 

64 

77.20 

62.50 

.0120 

.540 

22.49 

85.22 

.04745 

.16725 

66 

79.67 

64.97 

.0120 

.524 

22.95 

85.42 

.04833 

.16717 

68 

82.24 

67.54 

.0121 

.508 

23.42 

85.62 

.04921 

.16709 

70 

84.82 

70.12 

0.0121 

0.493 

23.90 

85.8? 

0.05009 

0.16701 

72 

87.50 

72.80 

.0121 

.479 

24.37 

86.02 

.05097 

.16693 

74 

90.20 

75.50 

.0122 

.464 

24.84 

86.22 

.05185 

.16685 

7b 

93.00 

78.30 

.0122 

.451 

25.32 

86.42 

.05272 

.16677 

78 

95.85 

81.15 

.0123 

.438 

25.80 

86.61 

.05359 

.16669 

80 

98.76 

84.06 

0.0123 

0.425 

26.28 

86.80 

D.05446 

0.16662 

82 

101.7 

87.00 

.0123 

.413 

26.76 

86.90 

.05534 

.16655 

84 

104.8 

90.1 

.0124 

.401 

27.24 

87.18 

.05621 

.16648 

86 t 

107.9 

93.2 

.0124 

.389 

27.72 

87.37 

.05708 

.16640 

88 

111.1 

96.4 

.0124 

.378 

28.21 

87.56 

.05795 

.16632 

90 

114.3 

99.6 

0.0125 

0.368 

28.70 

87.74 

0.05882 

0.16624 

92 

117.7 

103.0 

.0125 

.357 

29.19 

87.92 

.05969 

.16616 

94 

121.0 

106.3 

.0126 

.347 

29.68 

88.10 

.06056 

.16608 

9b 

124.5 

109.8 

.0126 

.338 

30.18 

88.28 

.06143 

.16600 

98 

128.0 

113.3 

.0126 

.328 

30,67 

88.45 

.06230 

.16592 

100 

131.6 

116.9 

0.0127 

0.319 

31.16 

88.62 

0.06316 

0.16584 

102 

135.3 

120.6 

.0127 

.310 

31.65 

88.79 

.06403 

.16576 

104 

139.0 

124.3 

.0128 

.302 

32.15 

88.95 

.06490 

.16568 

10 b 

142.8 

128.1 

.0128 

.293 

32.65 

89.11 

.06577 

.16560 

lOB 

146.8 

132.1 

.0129 

.285 

33.15 

89.27 

.06663 

.16551 

110 

150.7 

136.0 

0.0129 

0.277 

33.65 

89.43 

0.06749 

0.16542 

112 

154.8 

140.1 

.0130 

.269 

34.15 

89.58 

.06836 

.16533 

114 

158.9 

144.2 

.0130 

.262 

34.65 

89.73 

.06922 

.16524 

116 

163.1 

148.4 

.0131 

.254 

35.15 

89.87 

.07008 

.16515 

118 

167.4 

152.7 

.0131 

.247 

35.65 

90.01 

.07094 

.16505 

120 

171.8 

157.1 

0.0132 

0.240 

36.16 

90.15 

0.07180 

0.16495 

122 

176.2 

161.5 

.0132 

.233 

36.66 

90.28 

.07266 

.16484 

124 

180.8 

166.1 

.0133 

.277 

37.16 

90.40 

.07352 

.16473 

126 

185.4 

170.7 

.0133 

.220 

37.67 

90.52 

.07437 

.16462 

128 

190.1 

175.4 

.0134 

.214 

38.18 

90.64 

.07522 

.16450 

130 

194.9 

180.2 

0.0134 

0.208 

38.69 

90.76 

0.07607 

0.16438 

132 

199.8 

185.1 

.0135 

.202 

39.19 

90.86 

.07691 

.16425 

134 

204.8 

190.1 

.0135 

.196 

39.70 

90.96 

.07775 

.16411 

136 

209.9 

195.2 

.0136 

.191 

40.21 

91.06 

.07858 

.16396 

138 

215.0 

200.3 

.0137 

.185 

40.72 

91.51 

.07941 

.16380 

140 

220.2 

205.5 

0.0138 

0.180 

41.24 

91.24 

0.08024 

0.16363 


t Slaniard cycls temperaturB 






Table 17 b. F-12 (CCI 2 F 2 ) DicblOTodifluorometbane—Properties of Superheated Vapor 



PreBiuTB 0.20 pBia 

PreBBure 0.40 paia 

ProBBure 0.60 paia 

PreBBure 0.80 paia 

Temp 

Gbka preBBure 29.51 ia. vbc 

1 Gape proBBiire 29.11 in. vac 

1 Gage preiBUTB 28.70 in. vac 

Gage preBBure 28.92 in. vac 

F 

(SmI temp —144.9 F) 

(Sat temp -130.7 F) 

(Sat temp —121.7 F) 

(Sat temp -114.B F) 


« 

h 

a 

V 

h 

a 


h 

a 

V 

h 

a 

Cat aat) 

(JJIff.S) 

[01.IB) 

[0.g040) 

(7X.S4) 

(62.80) 

(0.1978) 

(49.85) 

(03.86) 

(0.1943) 

(38.13) 

(04.BB) 

(0.1919) 

-140 

141.7 

61.72 

0.2059 










-130 

146.1 

62. B9 

.2094 

73.00 

62.88 

0.1980 







-120 

150.6 

64.07 

.2129 

75.22 

64.06 

.2015 

50.11 

64.04 

0.1948 




-110 

155.0 

65.27 

.2164 

77.45 

65.25 

.2050 

51.59 

65.24 

.1983 

38.66 

65.23 

0.1935 

-100 

159.5 

66.47 

D.219B 

79.61 

66.46 

0.2084 

53. OB 

66.45 

0.2017 

39.7b 

66.44 

0.1969 

- 90 

163.9 

67.70 

.2231 

B1.90 

67.68 

.2117 

54.56 

67.67 

.2050 

40.89 

67.66 

.2003 

- BO 

16B.3 

6B.93 

.2264 

B4.12 

6B.92 

.2150 

56.05 

6B.91 

.2083 

41.02 

68.90 

.2036 

- 70 

172. B 

70.IB 

.2297 

B6.34 

70.17 

.2183 

57.53 

70.16 

.2116 

43.12 

70.14 

.2068 

- 60 

177.2 

71.44 

.2329 

BB.57 

71.43 

.2215 

59.01 

71.42 

.2148 

44.24 

71.41 

.2100 

- 50 

181.7 

72.71 

0.2360 

90.79 

72.70 

0.2246 

60.50 

72.69 

0.2179 

45.35 

72.68 

0.2132 

- 40 

1B6.1 

74.00 

.2391 

93.01 

73.99 

.2277 

61.98 

73.9B 

.2210 

46.47 

73.97 

.2163 

- 30 

190.6 

75.30 

.2422 

95.24 

75.29 

.2308 

63.46 

75.28 

.2241 

47.58 

75.27 

.2194 

- 20 

195.0 

76.62 

.2452 

97.46 

76.61 

.2338 

64.95 

76.60 

.2271 

4B.69 

76.59 

.2224 

- 10 

199.4 

77.94 

.24B2 

99.6B 

77.93 

.2368 

66.43 

77.93 

.2301 

49.81 

77.92 

.2254 

0 

203.9 

79.29 

0.2511 

101.9 

79.2B 

0.2397 

67.91 

79.27 

0.2331 

50.92 

79.26 

D.22B3 

ID 

2DB.3 

80.64 

.2541 

104.1 

80.63 

.2\2n 

69.39 

80.62 

.2360 

52.03 

80.61 

.2312 

20 

212 .B 

B2.01 

.2569 

106.4 

B2.00 

.2455 

70.88 

B1.99 

.2380 

53.14 

81.98 

.2341 

30 

217.2 

B3.39 

.259B 

1DB.6 

83.38 

.2484 

72.36 

83.37 

.2417 

54.26 

83.36 

.2370 

40 

221.6 

B4.7B 

.2626 

IIO.B 

84.77 

.2512 

73.84 

84.77 

.2445 

55.37 

84.76 

.2398 

50 

226.1 

B6.19 

0.2654 

113.0 

86.18 

0.2540 

75.33 

86.17 

0.2473 

56.4B 

B6.17 

0.2426 

60 

230.5 

B7.61 

.2682 

115.2 

87.60 

.2568 

76.81 

87.59 

.2501 

57.59 

87.59 

.2454 

7D 

235.0 

B9.04 

.2709 

117.5 

89.04 

.2595 

78.29 

89.03 

.2528 

58.71 

89.02 

.2481 

BO 

239.4 

90.49 

.2736 

119.7 

90.48 

.2622 

79.77 

90.48 

.2555 

59. B2 

90.47 

.2508 

90 

243. B 

91.95 

.2763 

121.9 

91.94 

.2649 

81.25 

91.94 

.2582 

60.94 

91.93 

.2535 

100 

24B.3 

03.42 

0.2789 

124.1 

93.42 

0.2675 

82.73 

93.41 

0.2609 

62.04 

93.40 

0.2561 

no 

252.7 

04.91 

.2B16 

126.3 

94.91 

.2702 

B4.22 

94.90 

.2635 

63.15 

94.89 

.2588 

120 

257.2 

96.41 

.2842 

12B.6 

96.41 

.2728 

B5.70 

96.40 

.2661 

64.27 

96.39 

.2614 

130 

261.6 

97.93 

.2B6B 

130.8 

97.92 

.2754 

87.18 

97.91 

.2687 

65.38 

97.91 

.2640 

140 

266.0 

99.45 

.2B93 

133.0 

99.45 

.2779 

88.66 

99.44 

.2713 

66.49 

99.44 

.2665 

150 

270.5 

100.99 

0.2919 

135.2 

100.99 

0.2805 

90.14 

100.98 

0.2738 

67.60 

100.98 

0.2691 

160 

274.9 

102.55 

.2944 

137.5 

102.54 

.2830 

91.62 

102.54 

.2764 

68.71 

102.53 

.2716 

170 


■ 


139.7 

104.11 

.2BS5 

93.10 

104.10 

.2789 

69.82 

104.10 

.2741 

IBO 







94.59 

105.68 

.2814 

70.93 

105.68 

.2766 


PresBure 2.0 psia 

Preasure 4.0 paia 

PreBBure 6.0 psia 

PresBure 8.0 psia 

Temp 

F 

Gape preBBure 25. B5 In. vac 

Gage prcBBure 21.7B in. vac 

Gage pressure 17.71 in. vac 

Gage pressure 13.64 in. vac 

(Sat temp —90.B F) 

(Set temp -69.8 F) 

(Set temp —56.2 F) 

(Sat temp —45.7 F) 

(nt BaO 

(is.es) 

(06.49) 

(0.1849) 

(S.B49) 

(69.79) 

(0.1802) 

(5.«r« 

(71.58) 

(0.1776) 

(4.602) 

(72.80) 

(0.1760) 

- 90 

16.29 

67.59 

D.1B51 










- BO 

16.74 

6B.B3 

.1BB4 










- 70 

17.19 

70.OB 

.1917 










- 60 

17.64 

71.35 

.1949 

B.772 

71.21 

0.1833 







- So 

IB.09 

72.62 

D.19B0 

B.999 

72.49 

0.1865 

5.698 

72.37 

0.1796 




- 40 

IB.54 

73.91 

.2011 

9.225 

73.78 

.1896 

6.121 

73.67 

.1827 

4.569 

73.56 

0.177b 

- 30 

1B.9B 

75.22 

.2042 

9.451 

75.09 

.1927 

6.273 

74.98 

.1858 

4.684 

74.87 

.1809 

- 20 

19.43 

76.53 

.2072 

9.677 

76.41 

.1957 

6.425 

76.30 

.1889 

4.799 

76.20 

.1839 

- 10 

19.BB 

77.86 

.2102 

9.903 

77.75 

.1987 

6.577 

77.64 

.1919 

4.914 

77.54 

.1869 

0 

20.33 

79.21 

0.2132 

10.13 

79.10 

0.2017 

6.729 

78.98 

0.1948 

5.028 

78.89 

0.1899 

10 

20.77 

BO.56 

.2161 

10.35 

80.46 

.2046 

6.879 

80.34 

.197B 

5.142 

80.26 

.1928 

20 

21.22 

81.93 

.2190 

1D.5B 

81. B3 

.2075 

7.031 

81.73 

.2007 

5.257 

81.64 

.1957 

30 

21.67 

83.31 

.2219 

10.BO 

83.21 

.2104 

7.1B2 

B3.12 

.2035 

5.370 

83.02 

.1986 

40 

22.11 

B4.71 

.2247 

11.03 

84.61 

.2132 

7.334 

84.52 

.2064 

5.484 

B4.43 

.2014 

50 

22.56 

B6.12 

0.2275 

11.25 

86.03 

0.2160 

7.485 

85.93 

0.2092 

5.598 

85.85 

0.2043 

60 

23.01 

B7.54 

.2302 

11.4B 

87.45 

.2187 

7.635 

87.37 

.2119 

5.711 

87.27 

.2070 

70 

23.45 

BB.9B 

.2330 

11.70 

88.89 

.2215 

7.786 

88.71 

.2147 

5.824 

88.72 

.2098 

BO 

23.90 

90.43 

.2357 

11.93 

90.35 

.2242 

7.936 

90.26 

.2174 

5.938 

90.18 

.2125 

90 

24.35 

91. B9 

.2384 

12.15 

91.81 

.2269 

8.087 

91.73 

.2201 

6.051 

91.64 

.2152 

100 

24.79 

93.37 

0.2410 

12.38 

93.29 

0.2296 

8.237 

93.21 

0.2228 

6.165 

93.13 

0.2179 

no 

25.24 

94. B5 

.2437 

12.60 

94.78 

.2322 

8.388 

94.70 

.2255 

6.278 

94.63 

.2205 

120 

25.6B 

96.36 

.2463 

12. B2 

96.28 

.2348 

8.538 

96.20 

.2281 

6.391 

96.13 

.2231 

130 

26.13 

97. B7 

.2489 

13.05 

97.80 

.2374 

8.688 

97.72 

.2307 

6.504 

97.64 

.2257 

140 

26.5B 

99.40 

.2514 

13.27 

99.33 

.2400 

8.838 

99.25 

.2333 

6.617 

99.18 

.2283 

150 

27.02 

100.94 

0.2540 

13.50 

100.BB 

0.2425 

B.9BB 

100.80 

0.2358 

6.730 

100.73 

0.2309 

160 

24.47 

102.50 

.2565 

13.72 

102.43 

.2451 

9.138 

102.36 

.2383 

6.843 

102.29 

.2334 

170 

27.91 

104.06 

.2590 

13.94 

104.00 

.2476 

9.288 

103.93 

.2408 

6.955 

103.87 

.2359 

IBO 

2B.36 

105.65 

.2615 

14.17 

105.5B 

.2501 

9.437 

105.51 

.2433 

7.068 

105.44 

.2384 

190 

2B.B0 

107.24 

.2640 

14.39 

107.IB 

.2526 

9.587 

107.11 

.2458 

7.181 

107.05 

.2409 

200 

29.25 

108.B5 

0.2665 

14.62 

108.79 

0.2550 

9.737 

108.72 

0.2483 

7.294 

108.67 

0.2434 

210 

29.70 

110.47 

.2689 

14.84 

110.41 

.2575 

9.886 

110.34 

.2507 

7.407 

no.2B 

.2458 

220 




15.06 

112.05 

.2599 

10.04 

111.98 

.2532 

7.520 

111.93 

.2483 

230 




15.29 

113.70 

.2623 

10.19 

113.63 

.2556 

1 7.633 

113.57 

.2507 

240 




15.51 

115.36 

.2647 

10.34 

115.29 

.2580 

7.746 

115.23 

.2531 


IlSZJ 






Table 17b. F-12 (CCliFi) Dlchloradifluoromethaiie—Properties of Superheated Vapor 


" — 

ProBBure 10 pbIb 

PreBBure 20 dbIb 

PreBBure 30 peia 

PreBBure 40 psia 

Temp 

Gbkb proBBUie 9.6 In. vbc 

Gage preBBure 5.3 psig 

Gage preaBure 15.3 palg 

Gage proBBure 25.3 palg 

F 

1 (Sbc temp —1 

37.3 F) 

1 (Sat temp - 

-B.2 F) 

(Sat temp 11.1 F) 

(Sat temp 25.9 F) 


V 

h 

■ 

V 

h 

a 

s 

h 

B 

V 

h 

0 

[at aat) 

iaMse) 

(73.80) 

[OA7ASO) 

(J.ffJSS) 

(77.£7) 

(0.17Jff0) 

(i.5£5) 

[79.47) 

[0.17008) 

[1.009] 

[81.16) 

[0.15914) 

-30 

3.728 

74.77 

0.17704 










-20 

3.B21 

76.11 

.18008 










-10 

3.913 

77.46 

.18310 










0 

4.006 

78.81 

0.18611 

1.965 

78.39 

0.17407 







10 

4.098 

80.18 

.18905 

2.013 

79.76 

.17704 







20 

4.189 

81.56 

.19194 

2.060 

81.14 

.17996 

1.350 

80.73 

0.17269 




30 

4.280 

82.94 

.19482 

2.107 

82.55 

.18286 

1.383 

82.15 

.17562 

1.019 

81.76 

0.17030 

40 

4.371 

84.35 

.19766 

2.155 

83.97 

.18573 

1.415 

83.58 

.17B51 

1.044 

83.20 

.17322 

50 

4.463 

85.77 

0.20047 

2.203 

85.40 

0.18858 

1.448 

B5.03 

0.1B13B 

1.D7D 

84.65 

0.17612 

6 D 

4.556 

87.19 

.20326 

2.250 

86.85 

.19138 

1.4BD 

86.48 

.18420 

1.095 

86.11 

.17896 

70 

4.648 

88.64 

.20601 

2.297 

88.31 

.19415 

1.512 

87.95 

.18699 

1.120 

87.60 

.1B17B 

BO 

4.740 

90.11 

.20874 

Z.343 

89.78 

.19688 

1.544 

B9.43 

.18974 

1.144 

89.09 

.1B455 

90 

4.832 

91.58 

.21144 

2.390 

91.26 

.19959 

1.576 

90.91 

.19249 

1.169 

90.58 

.18731 

100 

4.923 

93.05 

0.21411 

2.437 

92.75 

0.20229 

1.60B 

92.41 

0.19519 

1.194 

92.09 

0.19004 

110 

5.015 

94.56 

.21676 

2.483 

94.26 

.20494 

1.640 

93.93 

.19787 

1.218 

93.62 

.19272 

120 

5.107 

96.07 

.21940 

2.530 

95.78 

.20759 

1.672 

95.46 

.20053 

1.242 

95.15 

.19538 

130 

5.198 

97.59 

.22199 

2.577 

97.31 

.21020 

1.7D3 

97.00 

.20315 

1.267 

96.70 

.19803 

140 

5.289 

99.14 

.22458 

2.623 

98.85 

.21280 

1.735 

98.54 

.20577 

1.291 

98.26 

.20066 

150 

5.379 

100.66 

0.22713 

2.699 

100.40 

0.21537 

1.767 

100.11 

0.20836 

1.315 

99.83 

0.20325 

160 

5.470 

102.24 

.22967 

2.716 

101.97 

.21792 

1.799 

101.69 

.21092 

1.340 

101.42 

.20583 

170 

5.560 

103.81 

.23218 

2.762 

103.56 

.22045 

1.B29 

103.28 

.21344 

1.364 

103.02 

.20838 

180 

5.650 

105.40 

.23469 

2.808 

105.15 

.22297 

1.860 

104.88 

.21597 

1 188 

104.63 

.21092 

190 

5.740 

107.00 

.21717 

2.854 

106.76 

.22545 

1.B91 

106.49 

.21846 

1.412 

106.25 

.21343 

200 

5.831 

108.63 

0.23963 

2.901 

108.38 

0.22794 

1.923 

108.12 

D.''2096 

1.435 

107.88 

0.21592 

210 

5.921 

110.25 

.24208 

2.947 

110.01 

.23039 

1.954 

109.76 

.22342 

1.459 

109.52 

.21840 

220 

6.011 

111.88 

.24451 

2.992 

111.65 

.23283 

1.986 

111.41 

Z25BB 

1.482 

111.17 

.22085 

230 

6.101 

113.53 

.24692 

3.038 

113.31 

.23524 

2.017 

113.08 

.22830 

1.506 

112.84 

.22329 

240 




3.084 

114.98 

.23766 

2.048 

114.75 

.23072 

1.530 

114.52 

.22572 

250 




3.130 

116.67 

0.24005 

2.079 

116.44 

0.23312 

1.554 

116.21 

0.22813 

260 




3.117 

118.36 

.24242 

2.110 

118.15 

.23550 

1.577 

117.92 

.23052 

270 




3.223 

120.07 

.24477 

2.141 

119.87 

.23787 

1.601 

119.65 

.23289 

2B0 







2.172 

121.60 

.24023 

1.625 

121.40 

.23526 

290 










1.649 

123.15 

.23760 

300 










1.673 

124.92 

0.23994 


Pressure 50 psia 

Pressure 60 psia I 

PresBure 70 psia 

Pressure 80 psia 

Temp 

p 

Gage pressure 35.3 psig 

Gage pressure 

45.3 psig 

Gage pressure 55.3 psig 

Gage pressure 65.3 psig 


(Sat temp 38.3 F) 

(Sat temp 48.7 F) | 

(Sat temp 57.9 F) 

(Sat temp 66.3 F) 

t 

V 

h 

a 

n 

h 

0 

V 


0 

V 

h 

0 

<it .tril) 


[S2.f)2) 


(o.r/s5) 

{S3.66) 

[0.16791) 

[0.604) 

[S4.61) 

(CI.1P7^.9) 

[0.6ei) 

[SB.45) 

[0.16716) 

40 

0.821 

82.76 

0.16895 










50 

0.842 

84.24 

0.17187 

0.690 

83.83 

0.16829 







60 

0.863 

85.72 

.17475 

D.708 

85.33 

.17120 

0.597 

84.94 

D.16310 




70 

0.884 

87.22 

.17760 

0.726 

86.84 

. 17407 

0.612 

86.44 

.17097 

0.526 

86.01 

0.16819 

BO 

0.904 

88.72 

.18040 

0.743 

88.35 

.17689 

D.6ZB 

87.96 

.17382 

0.540 

87.56 

.17108 

90 

0.924 

90.23 

.18317 

0.760 

89.87 

.17968 

0.643 

89.49 

.17665 

0.554 

89.12 

.17394 

100 

0.944 

91.75 

0.18591 

0.778 

91.41 

0.18246 

0.658 

91.03 

0.17943 

0.568 

90.68 

0.17675 

no 

0.964 

93.29 

.18862 

0.795 

92.96 

.18519 

0.673 

92.59 

.18219 

0.582 

92.26 

.17954 

120 

D.9B4 

94.83 

.19132 

0.812 

94.51 

. 18789 

0.689 

94.16 

.18493 

0.596 

93.84 

.18229 

130 

1.004 

96.39 

.19397 

0.829 

96.07 

.19056 

0.704 

95.75 

.18763 

0.609 

95.43 

.18500 

140 

1.024 

97.96 

.19662 

0.846 

97.65 

.19323 

0.719 

97.34 

.19030 

0.623 

97.03 

.18771 

150 

1.044 

99.54 

0.19023 

0.863 

99.24 

0.19585 

0.733 

98.94 

0.19293 

0.636 

98.64 

0.19035 

160 

1.064 

101.14 

.20182 

0.880 

100.84 

.19846 

0.748 

100.54 

.19555 

0.649 

100.26 

.19298 

170 

1.084 

102.75 

.20439 

0.897 

102.45 

.20104 

0.763 

102.16 

.19814 

0.662 

101.88 

.19558 

IBO 

1.103 

104.36 

.20694 

0.913 

104.07 

.20360 

0.777 

103.80 

.20071 

0.675 

103.52 

.19817 

190 

1.123 

105.98 

.20946 

0.930 

105.71 

.20613 

D.79Z 

105.45 

.20325 

0.688 

105.18 

.20073 

200 

1.142 

107.62 

0.21196 

0.946 

107.36 

0.20865 

D.BD6 

107.10 

0.20579 

0.701 

106.84 

D.Z032B 

210 

1.162 

109.28 

.21444 

0.962 

109.02 

.21113 

D.BZD 

108.76 

.20829 

0.714 

108.51 

.20580 

220 

l.lBl 

110.95 

.21691 

0.979 

110.69 

.21361 

D.B35 

110.43 

.21079 

0.726 

110.19 

.20828 

230 

1.200 

112.62 

.21935 

0.995 

112.37 

.21607 

0.849 

112.13 

.21325 

0.739 

111.88 

.21076 

240 

1.220 

114.31 

.22179 

1.012 

114.06 

.21853 

0.863 

113.83 

.21570 

0.751 

113.58 

.21321 

250 

1 .239 

116.DO 

0.Z2410 

1.D2B 

115.77 

0.22094 

0.878 

115.55 

D.21815 

0.764 

115.30 

0.21566 

260 

1.258 

117.71 

.22660 

1.044 

117.49 

.22334 

0.892 

117.28 

.22057 

0.777 

117.03 

.21809 

270 

1.277 

119.44 

.22898 

1.060 

119.23 

.22573 

0.906 

119.02 

.22296 

0.789 

118.78 

.22049 

2B0 

1.296 

121.18 

.23134 

1.076 

120.97 

.22810 

0.920 

120.76 

.22534 

D.BOZ 

120.54 

.22289 

290 

1.314 

122.93 

.23367 

1.092 

122.73 

.23045 

0.934 

122.52 

.22770 

0.814 

122.30 

.22525 

300 

1.332 

124.69 

0.23600 

I.IDB 

124.50 

D.23280 

0.948 

124.29 

0.23006 

0.826 

124.OB 

0.22760 

310 

1.350 

126.45 

.23831 

1.124 

126.28 

.23513 

0.961 

126.07 

.23239 

D.B39 

IZS.BB 

.22995 

320 




1.140 

128.07 

.23745 

0.975 

127.BB 

.23471 

0.851 

127.70 

.23229 

330 







0.9B9 

129.70 

.23702 

0.864 

129.52 

.23461 


[1531 
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PART 11. TABLES 


Table I7c. F-IZ (CCl^FO Dichlorodifluoroinethane—Properties of Superheated Vapor 


Temp 

F 

PrBBHure 90 psia 

Pressure 100 psia 

Pressure 110 

1 psia 1 

Pressure 120 psia 

Qage presBurc 75.3 psig 

Gago pressure 85.3 psig 

Gage pressure 95.3 psig 

Gage pressure 105.3 psig 

ISat temp 73.9 F) 

(Sat temp 80.0 F) 

(Sat temp 87.3 F) 

(Sat temp 93.4 F) 

i 

V 

h 

y 

V 

h 

a 

r 

h 

H 

V 

h 

B 

[at «rjO 

{0.4orj) 

[sn.sj) 

[0.16685) 

[0419) 

[86.89) 

[0.16659) 

[a.3ss) 

[87.60) 

[0.1GG36) 

[0.960) 

[88.06) 

[0.16610) 

BO 

0.473 

B7.17 

0.16862 










00 

0.4B6 

BB.74 

.17149 

0.430 

88.32 

0.16926 

0.385 

87.91 

0.16711 




100 

0.490 

90.31 

0.17433 

0.442 

89.93 

0.17210 

0.396 

89.51 

0.17001 

0.357 

89.13 

0.16803 

110 

0.511 

91.89 

.17713 

0.454 

91.54 

.17493 

0.407 

91.12 

.17287 

0.367 

90.75 

.17090 

IZO 

0.523 

93.4B 

.17990 

0.465 

93.15 

.17733 

0.417 

92.74 

.17568 

0.377 

92.38 

.17374 

130 

0.535 

95.08 

.1B262 

0.477 

94.76 

.18049 

0.428 

94.37 

.17845 

0.387 

94.01 

.17654 

140 

0.547 

96.69 

.18533 

0.488 

96.37 

.18231 

0.438 

96.01 

.18122 

0.397 

95.65 

.17932 

150 

0.559 

9B.31 

0.18799 

0.499 

97.99 

0.18590 

0.449 

97.66 

0.18394 

0.407 

97.30 

0.18207 

160 

0.571 

100.04 

.19065 

0.510 

99.63 

.18856 

0.459 

99.31 

.18660 

0.417 

98.96 

.18474 

170 

0.5B4 

101.58 

.19327 

0.521 

101.28 

.19120 

0.469 

100.97 

.18924 

0.426 

100.63 

.18743 

IBO 

0.506 

103.23 

.19588 

0.531 

102.84 

.19381 

0.479 

102.64 

.19187 

0.436 

102.31 

.19011 

100 

0.607 

104.B9 

.19845 

0.542 

104.61 

.19638 

0.489 

104.32 

.19447 

0.445 

104.00 

.19271 

ZOO 

0.619 

106.56 

0.20101 

0.553 

106.20 

0.19894 

0.499 

106.01 

0.19706 

0.454 

105.70 

0.19529 

210 

0.630 

10B.24 

.20353 

0.563 

107.98 

.20148 

0.509 

107.71 

.19962 

0.463 

107.41 

.19785 

220 

0.642 

109.93 

.20603 

0.574 

109.68 

.20401 

0.519 

109.42 

.20216 

0.472 

109.13 

.20041 

230 

0.653 

111.63 

.20852 

0.585 

111.39 

.20650 

0.528 

111.14 

.20464 

0.482 

110.86 

.20294 

240 

0.665 

113.35 

.21100 

0.595 

113.11 

.20899 

0.538 

112.87 

.20712 

0.491 

112.60 

.20545 

250 

0.676 

115.08 

0.21345 

0.606 

114.84 

0.21145 

0.548 

114.61 

0.20959 

0.500 

114.35 

0.20792 

260 

0.6BB 

116.B2 

.21589 

0.616 

116.58 

.21389 

0.557 

116.36 

.21205 

0.508 

116.11 

.21035 

270 

0.690 

118.57 

.21831 

0.626 

118.33 

.21631 

0.567 

118.12 

.21448 

0.517 

117.88 

.21279 

ZBD 

0.710 

120.33 

.22070 

0.636 

120.10 

.21870 

0.576 

119.89 

.21690 

0.526 

119.66 

.21521 

200 

0.721 

122.10 

.22306 

0.646 

121.88 

.22108 

0.586 

121.68 

.21930 

0.534 

121.45 

.21760 

300 

0.732 

123.BB 

0.22542 

0.657 

123.67 

0.22347 

0.595 

123.48 

0.22167 

0.543 

123.25 

0.22000 

310 

0.743 

125.97 

.22776 

0.667 

125.47 

.22583 

0.605 

125.29 

.22405 

0.552 

125.07 

.22238 

320 

0.754 

127.4B 

.23008 

0.677 

127.28 

.22817 

0.614 

127.11 

.22639 

0.560 

126.90 

.22472 

330 

0,765 

129.31 

.23240 

0.687 

129.10 

.23050 

0.623 

128.94 

.22872 

0.569 

128.74 

.22707 

340 




0.697 

130.94 

.23281 

0.632 

130.78 

.23103 

0.578 

130.59 

.22940 

350 




0.707 

132.80 

0.23150 

0.641 

132.63 

0.23333 

0.586 

132.45 

0.23171 

360 

370 




0.718 

134.68 

.23738 

6.651 

134.50 

.23562 

0.595 

134.32 

.23400 

Temp 

F 

Pressure 140 psia 

Pressure 160 psia 

Pressure 180 psia 

Pressure 200 psia 

Gage pressure 125.3 psig 

Gage pressure 145.3 psig 

Gage pressure 165.3 psig 

Gage pressure 185.3 psig 


(Sat temp 104.5 F) 

(Sat temp 114.5 F) 

(Sat temp 123.7 F) 

(Sat temp 132.1 F) 

{al Hill) 

(O.'SOS) 

[SS.8H) 

{n.lGtiGG) 

[0J59) 

[89.77) 

[0.1G53S) 


[90.38) 

[0.JG47G) 

[O.SO£») 

(.60.86) 

(0.164^4) 

no 

0.304 

89.92 

0.16725 










120 

0.314 

91.60 

.17021 

0.264 

90.68 

0.16682 







130 

0.323 

93.28 

.17306 

0.273 

92.40 

.16977 

0.233 

91.47 

0.16665 




140 

0.332 

94.96 

.17590 

0.282 

94.12 

.17269 

0.241 

93.23 

.16964 

0.208 

92.30 

0.16611 

150 

0.341 

96.65 

0.17868 

0.290 

95.84 

0.17553 

0.249 

94.99 

0.17254 

0.216 

94.10 

0.16966 

160 

0.350 

98.34 

.18142 

0.298 

97.57 

.17832 

0.257 

96.75 

.17541 

0.224 

95.90 

.17262 

170 

0.35B 

100.03 

.18412 

0.306 

99.31 

.13106 

0.265 

98.52 

.17823 

0.231 

97.70 

.17551 

IBD 

0.366 

101.72 

.18678 

0.313 

101.05 

.18377 

0.272 

100.29 

.18102 

0.238 

99.51 

.17838 

100 

0.374 

103.42 

.18941 

0.321 

102.80 

.18646 

O.ZBO 

102.07 

.18377 

0.245 

101.32 

.18115 

200 

0.3B3 

105.14 

0.19205 

0.329 

104.55 

0.18913 

0.287 

103.85 

0.18648 

0.252 

103.13 

0.18388 

210 

0.391 

106.86 

.19466 

0.336 

106.31 

.19175 

0.294 

105.63 

.18912 

0.258 

104.94 

.18659 

220 

0.399 

108.59 

.19724 

0.344 

108.07 

.19435 

0.301 

107.42 

.19174 

0.265 

106.76 

.18927 

230 

0.4O7 

110.33 

.19976 

0.351 

109.83 

.19693 

0.307 

109.21 

.19433 

0.272 

108.58 

.19192 

240 

0.415 

112.09 

.20229 

0.358 

111.60 

.19949 

0.314 

111.01 

.19693 

0.278 

110.40 

.19455 

250 

0.423 

113.85 

0.20479 

0.366 

113.38 

0.20203 

0.321 

112.81 

0.19947 

0.284 

112.23 

0.19713 

260 

0.431 

115.63 

.20728 

0.373 

115.17 

.20453 

0.327 

114.62 

.20199 

0.290 

114.06 

.19967 

270 

0.439 

117.42 

.20974 

0.380 

116.97 

.20700 

0.334 

116.44 

.20449 

0.296 

115.89 

.20217 

ZBO 

0.447 

119.32 

,21219 

0.387 

118.78 

.20946 

0,340 

118.26 

.20698 

0.302 

117.73 

.20467 

200 

0.455 

121.03 

.21461 

0.394 

120.60 

.21189 

0.347 

120.09 

.20944 

0.308 

119.58 

.20715 

300 

0.462 

122.85 

0.21701 

0.401 

122.43 

0.21432 

0.353 

121.92 

0.21187 

0.314 

121.44 

0.20961 

310 

0.470 

124.67 

.21939 

0.408 

124.27 

.21672 

0.359 

123.76 

.21428 

0.320 

123.31 

.21204 

320 

0.477 

126.50 

.22174 

0.414 

126.12 

.21909 

0.365 

125.61 

.21665 

0.326 

125.19 

.21445 

330 

0.4B5 

128.33 

.22411 

0.421 

127.98 

.22145 

0.371 

127.47 

.21904 

0.331 

127.08 

.21685 

340 

0.492 

130.17 

.22646 

0.428 

129.85 

.22381 

0.377 

129.34 

.22140 

0.337 

128.98 

.21923 

350 

0.500 

132.02 

0.22880 

0.435 

131.73 

0.22616 

0.383 

131.23 

0.22374 

0.343 

130.89 

0.22159 

360 

0.507 

133.89 

.23109 

0.442 

133.63 

.22849 

0.390 

133.13 

.22608 

0.348 

132.81 

.22392 

370 

0.515 

135.7B 

.23336 

0.448 

135.55 

.23079 

0.396 

135.05 

.22840 

0.354 

134.74 

.22624 

3B0 







0.402 

136.98 

.23072 

0.360 

136.68 

.22856 

39D 







0.408 

138.91 

.23301 

0.365 

138.63 

.23085 

400 







0.414 

140.85 

0.23529 

0.370 

140.59 

0.23314 
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PART n. TABLES 


Table IB. F-21 (CHCI 3 F) DichlDromonofluoromethane—Properties of Liquid and 

Saturated Vapor 


Temp 

F 

Pressure 

Liquid, 
sp vol 

Vapor, 
sp vol 

Enthal^, datum —40 F 
Btu per lb 

Entropy, datum —40 F 
Btu per lb F 



psiE 

cu ft/lb 

cu ft/lb 

Liquid 

Vapor 

Liquid 

Vapor 

t 

psis 

V 

Vff 

V 

hff 

«/ 


-40 

1.35B 

27.16* 

0.01058 

32.09 

0.00 

114.56 

0.0000 

0.2730 

-30 

l.BBB 

26.OB* 

.01066 

23.61 

2.36 

115.76 

.0055 

.2695 

-20 

2.57B 

24.67* 

.01075 

17.66 

4.71 

116.96 

.0109 

.2663 

-10 

3.463 

22.B7* 

.01084 

13.43 

7.07 

11B.17 

.0162 

.2633 

0 

4.5B2 

20.59* 

.01093 

10.35 

9.44 

119.37 

.0214 

.2606 

z 

4.B3B 

20.07* 

0.01095 

9.B40 

9.92 

119.61 

0.0225 

0.2601 

4 

5.105 

19.53* 

.01096 

9.361 

10.39 

119.85 

.0235 

.2596 

St 

5.243 

19.25* 

.01097 

9.132 

10.63 

119.97 

.0240 

.2593 

6 

5.384 

IB.96* 

.01098 

8.910 

10.86 

120.09 

.0245 

.2591 

B 

5.674 

18.37* 

.01100 

8.4B6 

11.33 

120.33 

.0255 

.Z5B6 

10 

5.97B 

17.75* 

0.01102 

B.0B5 

11 .B 1 

120.57 

0.0265 

0.2581 

12 

6.294 

17.11* 

.01104 

7.707 

12.29 

120 .B 1 

.0275 

.2577 

14 

6.625 

16.43* 

.01106 

7.349 

12.77 

121.05 

.D 2 B 6 

.2572 

16 

6.968 

15.73* 

.OllOB 

7.012 

13.25 

121.30 

.0296 

.2567 

IB 

7.325 

15.01* 

.OHIO 

6.694 

13.73 

121.54 

.0306 

.2563 

20 

7.699 

14.25* 

0.01112 

6.392 

14.21 

121.7B 

0.0316 

0.2559 

22 

B.0B7 

13.46* 

.01114 

6.107 

14.68 

122.02 

.0326 

.2555 

24 

B.4B8 

12.64* 

.01116 

5.B3B 

15.16 

122.26 

.0336 

.2550 

26 

B.906 

11.79* 

.OlllB 

5.5B4 

15.64 

122.50 

.0346 

.2546 

2B 

9.341 

10.90* 

.01120 

5.342 

16.12 

122.74 

.0356 

.2542 

30 

9.793 

9.98* 

0.01122 

5.112 

16.61 

122.9B 

0.0365 

0.253B 

32 

10.26 

9.03* 

.01124 

4.B94 

17.09 

123.22 

.0375 

.2534 

34 

10.75 

B.03* 

.01126 

4.6BB 

17.5B 

123.46 

.D3BS 

.2530 

36 

11.26 

7.00* 

.01128 

4.492 

IB.07 

123.71 

.0395 

.2526 

3B 

11.7B 

5.94* 

.01130 

4.306 

18.55 

123.95 

.0405 

.2523 

40 

12.32 

4.B4* 

0.01132 

4.130 

19.04 

124.19 

0,0414 

0.2519 

42 

12.BB 

3.70* 

.01134 

3.963 

19.53 

124.43 

.0424 

.2516 

44 

13.46 

2.52* 

.01136 

3.B04 

20.02 

124.67 

.0434 

.2512 

46 

14.07 

1.2B* 

.0113B 

3.651 

20.51 

124.91 

.0444 

.2509 

4B 

14.69 

0 . 01 * 

.01140 

3.507 

21.00 

125.15 

.0453 

.2505 

50 

15.33 

0.63 

0.01142 

3.370 

21.49 

125.39 

0.0463 

0.2502 

52 

16.00 

1.30 

.01145 

3.239 

21.99 

125.63 

.0473 

.2499 

54 

16.69 

1.99 

.01147 

3.114 

22.4B 

125.B7 

.04B2 

.2495 

56 

17.40 

2.70 

.01149 

2.995 

22.9B 

126.11 

.0492 

.2492 

SB 

IB.14 

3.44 

.01151 

2.BB1 

23.4B 

126.36 

.0502 

.Z4B9 

60 

18.90 

4.20 

0.01153 

2.773 

23.98 

126.60 

0.0511 

0.2486 

62 

19.69 

4.99 

.01155 

2.669 

24.49 

126.B4 

.0521 

.2483 

64 

20.50 

5.BO 

.01158 

2.570 

24.99 

127.OB 

.0530 

.Z4B0 

66 

21.34 

6.64 

.01160 

2.476 

25.49 

127.32 

.0540 

.2477 

6 B 

22.20 

7.50 

.01162 

Z.3B6 

25.99 

127.56 

.0549 

.2474 

70 

23. OB 

B.3B 

0.01164 

2.300 

26.49 

127.79 

0.0559 

0.2471 

72 

24.00 

9.30 

.01167 

2.218 

27.00 

128.03 

.0568 

.2469 

74 

24.95 

10.25 

.01169 

2.139 

27.51 

1ZB.Z7 

.0577 

.2466 

76 

25.92 

11.22 

.01171 

2.064 

2B.D2 

1ZB.51 

.d5B7 

.2463 

7B 

26.93 

12.23 

.01174 

1.992 

28.52 

12B.74 

.0596 

.2460 

BO 

27.96 

13.26 

0.01176 

1.923 

29.03 

1ZB.9B 

0.0606 

0.2458 

B2 

29.02 

14.32 

.0117B 

1.B57 

29.54 

129.21 

.0615 

.2455 

B4 

30.11 

15.41 

.OllBl 

1.794 

30.05 

129.44 

.0624 

.2453 

B 6 t 

31.23 

16.53 

.011B3 

1.733 

30.56 

129.68 

.0634 

.2450 

BB 

32,39 

17.69 

.01186 

1.675 

31.07 

129.91 

.0643 

.244B 

90 

33.SB 

IB.BB 

O.OllBB 

1.619 

31.59 

130.14 

0.0652 

0.2446 

92 

34.80 

20.10 

.01190 

1.565 

32.11 

130.38 

.0662 

.2443 

94 

36.06 

21.36 

.01193 

1.513 

32.63 

130.61 

.0671 

.2441 

96 

37.35 

22.65 

.01195 

1.464 

33.15 

130.B4 

.0680 

.2439 

9B 

3B.6B 

23.9B 

.01198 

1.417 

33.67 

131.07 

.0690 

.2437 

100 

40.04 

25.34 

0.01200 

1.371 

34.IB 

131.29 

0.0699 

0.2434 

110 

47.40 

32.70 

.01213 

1.169 

36.79 

132.42 

.0745 

.2424 

120 

55.75 

41.05 

.01226 

l.OOl 

39.46 

133.53 

.0791 

.2414 

130 

65.15 

50.45 

.01240 

.8623 

42.13 

134.61 

.0837 

.2405 

140 

75.72 

61.02 

.01254 

.7457 

44.B 6 

135.66 

.0BB2 

.2396 

150 

B7.S1 

72.B1 

0.01269 

0.6476 

47.62 

136.68 

0.0927 

0.23BB 

160 

100.6 

85.91 

.01284 

.5646 

50.43 

137.69 

.0972 

.2381 


* Inches of mercury below one stmoephers. 
t Btuidard cycle tempentures. 




Table 19- F-Zl (CHCliF) DichloTomonofluoromethane—PiopertieB of Snpeiheated Vapor 



Prouiire 2 piia 

PreaBUre 4 paia 

PresBure 6 psia 

PrsaBure 8 paia 


Gaffe preeiure 25.85 In. tec 

Gage preBBure 21.78 In. vac 

Gage proBBure 17.71 in. vac 

GagepreBBure 13.64 in. vac 

Temp 

F 

(Sat temp -28.2 F) 

l^t temp 4.9 F) 

(Sat temp 10.1 F) 

(Sat temp 21.6 F) 


D 

h 

B 

V 

h 

B 

V 

h B 

V 

h 

j 

(cl) snO 

iBS.S7) 

{116.98) {0.e689) 

[11.74) 

[118.78) [0.2619) 1 

[8.0S8) 

[120.68) [0.2681) 

[6.169) 

[121.96) 

[0.2666) 

D 

23. B5 

119.49 

0.2768 

11.87 

119.40 

0.2633 

— 

— — 

— 

— 

— 

ID 

24.3B 

120.76 

.2795 

12.14 

120.66 

.2660 

— 

_ — 

— 

— 

— 

20 

24.90 

122.04 

.2882 

12.40 

121.95 

.2687 

8.232 

121.86 0.2608 

— 

— 

— 

30 

25.43 

123.34 

.2849 

12.66 

123.25 

.2714 

8.408 

123.16 .2635 

6.281 

123.06 

0.2578 

40 

25.95 

124.65 

.2876 

12.93 

124.57 

.2741 

8.5B5 

124.48 .2661 

6.414 

124.39 

.2605 

50 

26.47 

125.98 

0.2902 

13.19 

125.90 

0.2767 

8.762 

125.81 0.2688 

6.547 

125.73 

0.2631 

60 

27.00 

127.33 

.2928 

13.45 

127.25 

.2793 

8.939 

127.17 .2714 

6.681 

127.08 

.2657 

70 

27.52 

128.69 

.2954 

13.72 

128.61 

.2819 

9.115 

128.53 .2740 

6.814 

128.44 

.2683 

BO 

28.05 

130.07 

.2979 

13.98 

129.99 

.2845 

9.291 

129.91 .2766 

6.947 

129.82 

.2709 

90 

20.SI 

131.45 

.3005 

14.24 

131.37 

.2870 

9.467 

131.29 .2791 

7.079 

131.21 

.2735 

100 

29.09 

132.85 

0.3030 

14.51 

132.77 

0.2895 

9.643 

132.69 0.2816 

7.212 

132.61 

0.2760 

110 

29.62 

134.26 

.3055 

14.77 

134.18 

.2920 

9.819 

134.11 .2841 

7.345 

134.03 

.2785 

IZO 

30.14 

135.68 

.3080 

15.03 

135.61 

.2945 

9.995 

135.54 .2866 

7.477 

135.46 

.2810 

130 

30.66 

137.12 

.3104 

15.29 

137.04 

.2970 

10.17 

136.97 .2891 

7.609 

136.90 

.2835 

140 

31.19 

138.57 

.3129 

15.56 

138.49 

.2994 

10.35 

138.42 .2915 

7.742 

138.35 

.2859 

150 

31.71 

140.03 

0.3153 

15.82 

139.96 

0.3019 

10.52 

139.89 0.2940 

7.874 

139.82 

0.2883 

160 

32.23 

141.52 

.3177 

16.08 

141.45 

.3043 

10.70 

141.39 .2964 

8.006 

141.31 

.2908 

170 

32.76 

143.02 

.3201 

16.35 

142.95 

.3067 

10.87 

142.89 .2988 

8.138 

142.82 

.2932 

IBO 

33.28 

144.53 

.3225 

16.61 

144.46 

.3091 

11.05 

144.40 .3012 

0.270 

144.33 

.2956 

190 

33.80 

146.05 

.3249 

16.B7 

145.98 

.3114 

11.22 

145.92 .3035 

8.402 

145.86 

.2979 


Pressure 10j 

isla 

1 Pressure 20 psla 1 

PrBBBurc 30 psia 

Pressure 40 i 

psia 


Gage pressure 9.5 

7 in. vac 

GaffB 

pressure 5.3 psiff 

Gage presBUTS 15.3 psig 

Gags pressure 2: 

>.3 psig 

T 

F 

1 (Sat temp 30.9 F) 

(Sat temp 62.8 F) | 

(Sat temp 83.8 F) 

(Sat temp 99.9 F) 


D 

h 

a 

V 

h 

a 

V 

h a 

u 

h 

8 

(cif snf) 

(6.014) 

[129.10) 

[0.2636) 

(2.6.y0) 

[126.94) 

[0.2482) 

[1.800) 

[129.42) (0.2463) 

[1.373) 

[131.28) 

[0.2436) 

100 

5.753 

132.54 

0.2176 

2.834 

132.14 

0.2578 

1.860 

131.72 0.2495 

1.373 

131.29 

0.2435 

110 

5.860 

133.95 

.2741 

2.889 

133.56 

.2603 

1.B9B 

133.16 .2520 

1.402 

132.74 

.2460 

120 

5.966 

135.38 

.2766 

2.943 

135.00 

.2628 

1.935 

134.61 .2546 

1.430 

134.20 

.2486 

130 

6.072 

136.82 

.2791 

2.99B 

136.45 

.2653 

1.972 

136.06 .2571 

1.459 

135.67 

.2511 

140 

6.178 

138.28 

.2815 

3.052 

137.91 

.2678 

2.009 

137.53 .2596 

1.487 

137.15 

.2536 

150 

6.285 

139.75 

0.2840 

3.106 

139.39 

0.2702 

2.046 

139.02 0.2620 

1.515 

138.65 

0.2561 

160 

6.391 

141.24 

.2864 

3.160 

140.90 

.2727 

2.083 

140.53 .2645 

1.543 

140.17 

.2585 

170 

6.497 

142.75 

.2888 

3.214 

142.41 

.2751 

2.119 

142.06 .2669 

1.572 

141.70 

.2610 

IBO 

6.603 

144.27 

.2912 

3.268 

143.93 

.2775 

2.156 

143.59 .2693 

1.600 

143.24 

.2634 

190 

6.709 

145.79 

.2936 

3.322 

146.46 

.2799 

2.193 

145.13 .2717 

1.628 

144.79 

.2658 

200 

6.815 

147.33 

0.2959 

3.376 

147.01 

0.2822 

2.229 

146.68 0.2741 

1.656 

146.35 

0.2682 

210 

6.921 

148.89 

.2983 

3.430 

148.58 

.2846 

2.266 

148.25 .2764 

1.683 

147.93 

.2706 

220 

7.027 

150.46 

.3006 

3.4B4 

150.16 

.2869 

2.302 

149.84 .2788 

1.711 

149.52 

.2729 

230 

7.133 

152.05 

.3029 

3.537 

151.75 

.2892 

2.338 

151.44 .2811 

1.739 

151.13 

.2753 

240 

7.329 

153.65 

.3052 

3.591 

153.35 

.2915 

2.375 

153.05 .2834 

1.767 

152.75 

.2776 

250 

7.344 

155.26 

0.3075 

3.645 

154.97 

0.2938 

2.411 

154.68 0.2857 

1.794 

154.38 

0.2799 

260 

7.450 

156.BB 

.3098 

3.698 

156.60 

.2961 

2.447 

156.31 .2880 

1.822 

156.01 

.2822 

270 

7.555 

158.52 

.3120 

3.752 

158.24 

.2984 

2.483 

157.95 .2903 

1.849 

157.66 

.2845 

2B0 

7.661 

160.17 

.3143 

3.805 

159.90 

.3007 

2.520 

159.61 .2926 

1.877 

159.33 

.2868 

290 

7.767 

161.B4 

.3165 

3.859 

161.57 

.3029 

2.556 

161.30 .2948 

1.904 

161.02 

.2890 


Pre 

BBure 50 psia 

1 PresBure 60 

psia 

PresBure 70 psia 

Pressure 80 psia 

'I' Binp 

Gaffe pressure 35.3 pslff 

1 Gaffe 

pressure 45.3 psig 

Gage pressure 55.3 psig 

Gage pressure 65.3 psig 

F 

(Sat temp 113.3 F) 

CSat temp 124.7 F) 

(Sat temp 134.7 F) 

(Sat temp 143.8 F) 


V 

h 

a 

V 

h 

a 

V 

h a 

V 

h 

8 

(ri( 

(1.111) 

[132.79) 

[ 0 . 2421 ) 

[0.9333) 

[134.03) 

[0.2410) 

[0.S046) 

[136.10) [0.2401) 

[0.7069) 

[136.06) [0.B^693) 

150 

1.197 

138.26 

0.2513 

0.9836 

137.86 

0.2474 

0.8312 

137.45 0.2440 

0.7167 

137.01 

0.2409 

160 

1.220 

139.79 

.2538 

1.003 

139.49 

.2499 

.8486 

139.01 .2465 

.7321 

138.58 

.2435 

170 

1.243 

141.33 

.2563 

1.023 

140.95 

.2524 

.8658 

140.58 .2490 

.7476 

140.16 

.2460 

IBO 

1.265 

142.88 

.2587 

1.042 

142.51 

.2548 

.8828 

142.13 .2515 

.7629 

141.74 

.2485 

190 

1.288 

144.43 

.2612 

1.062 

144.07 

.2573 

.8998 

143.71 .2539 

.7781 

143.33 

.2509 

200 

1.311 

146.00 

0.2636 

1.081 

145.65 

0.2597 

0.9168 

145.30 0.2564 

0.7933 

144.93 

0.2534 

210 

1.334 

147.59 

.2659 

1.100 

147.25 

.2621 

.9336 

146.90 .2588 

.8083 

146.54 

.2558 

220 

1.356 

149.19 

.2683 

1.120 

148.86 

.2645 

.9504 

148.52 .2612 

.8233 

148.17 

.2582 

230 

1.379 

150.80 

.2707 

1.139 

150.48 

.2668 

.9671 

150.15 .2635 

.8382 

149.81 

.2606 

240 

1.401 

152.42 

.2730 

1.158 

152.11 

.2692 

.9837 

151.79 .2659 

.8530 

151.46 

.2630 

250 

1.424 

154.06 

0.2753 

1.177 

153.76 

0.2715 

1.000 

153.44 0.2682 

0.8678 

153.12 

0.2654 

260 

1.446 

155.71 

.2776 

1.196 

155.41 

.2738 

1.017 

155.10 .2706 

.8825 

154.78 

.2677 

270 

1.469 

157.37 

.2799 

1.215 

157.08 

.2761 

1.033 

156.77 .2729 

.8971 

156.46 

.2700 

2B0 

1.491 

159.05 

.2822 

1.234 

158.76 

.2784 

1.050 

158.45 .2752 

.9117 

158.16 

.2723 

290 

1.513 

160.74 

.2845 

1.252 

160.45 

.2807 

1.066 

160.16 .2775 

.9262 

159.87 

.2746 

300 

1.535 

162.44 

0.2867 

1.271 

162.16 

0.2830 

1.082 

161.88 0.2797 

0.9406 

161.59 

0.2769 

310 

1.558 

164.16 

.2890 

1.290 

163.88 

.2852 

1.099 

163.61 .2820 

.9550 

163.32 

.2792 

320 

1.580 

165.89 

.2912 

1.309 

165.62 

.2875 

1.115 

165.35 .2842 

.9694 

165.07 

.2814 

330 

1.602 

167.63 

.2934 

1.327 

167.36 

.2897 

1.131 

167.10 .2865 

.9838 

166,83 

.2837 

340 

1.624 

169.38 

.2956 

1.346 

169.12 

.2919 

1.147 

168.86 .2887 

.9981 

168.60 

.2859 


1157 ) 






158 


PART II. TABLES 



Enthalpy-BT u per lb. above 








Tablo 20. F-2Z (CHCIF 2 ) MooDchlorodifliioroniethBiie^^PrDperties of Liquid 
and Saturated Vapor 


Temp 

F 

t 

PfBBBure 

Liquid, 

density 

VapDf, 
sp vol 

Enthalpy, datum —40 F 
Btu per lb 

Entropy, 

fitu 

datum —40 F 
per lb F 

psia 

pelE 

Ib/cu ft 

llVf 

cu ft/lb 

v„ 

Liquid 

Vapor 

hg 

LiqiUd 

V 

Vapor 

Sg 

-155 

0.19901 

29.51* 

97.67 

1B8.1 

-29.07 

86.78 

-0.0808 

0.2996 

- 150 

O.2605 

29.39* 

97.33 

146.1 

-27.79 

87.36 

-0.0767 

0.2052 

-145 

0.3375 

29.23+ 

96.99 

114.5 

-26.52 

87.94 

- .0727 

.2012 

-140 

0.4332 

29.04* 

96.63 

90.61 

-25.25 

88.53 

-0.0687 

0.2B74 

-135 

0.5511 

28.80* 

96.27 

72.33 

-23.99 

89.11 

- .0647 

.2837 

-130 

0.6949 

28.51* 

95.91 

58.21 

-22.73 

89.70 

-D.0609 

0.2803 

-125 

0.8692 

28.15* 

95.53 

47.23 

-21.47 

90.29 

- .0571 

.2770 

-IZO 

1.079 

27.72* 

95.15 

38.60 

-20.22 

90.88 

-0.0534 

0,2738 

-115 

1.329 

27.21* 

94.76 

31.77 

-18.98 

91.47 

- .0497 

.2708 

-110 

1.626 

26.61+ 

94.37 

26.33 

-17.73 

92.07 

-0.0461 

0.26BO 

-105 

1.976 

25.90* 

93.97 

21.96 

-16.48 

92.67 

- .0425 

.2653 

-100 

2.3B6 

25.06* 

93.56 

18.43 

-15.23 

93.27 

-0.0390 

0.2627 

- 95 

2.865 

24.09* 

93.14 

15.54 

-13.98 

93.87 

- .0356 

.2602 

- 90 

3.417 

22.96* 

92.72 

13.20 

-12.73 

94.47 

-0.0322 

0.2579 

- B5 

4.055 

21.67* 

92.29 

11.26 

-11.47 

95. OB 

- .0288 

.2556 

- BO 

4.787 

20.18* 

91.85 

9.650 

-10.22 

95 6B 

-0.0255 

0.2535 

- 7B 

5.100 

19.55* 

91.67 

9.086 

- 9.72 

95.92 

- .0242 

.2526 

- 76 

5.430 

18.87* 

91.49 

8.561 

- 9.21 

96.16 

- .OL20 

.2518 

- 74 

5.79 

18.14* 

91.31 

8.072 

- 8.70 

96.40 

- .0216 

.2510 

- 72 

6.17 

17.37* 

91.13 

7.616 

- 8.20 

96.64 

- .0203 

.2502 

- 70 

6.57 

16.55* 

90.95 

7.192 

- 7.69 

96.BB 

-0.0253 

0.2494 

- 6B 

6.99 

15.70* 

90.77 

6.795 

- 7.19 

97.12 

- .0177 

.2487 

- 66 

7.40 

14.86* 

90.58 

6.426 

- 6.68 

97.36 

- .0164 

.2479 

- 64 

7.86 

13.93* 

90.39 

6.079 

- 6.17 

97.60 

- .0151 

.2472 

- 62 

8.35 

12.93* 

90.21 

5.755 

- 5.67 

97.84 

- .0138 

.2465 

- 60 

8.86 

11.B9* 

90.03 

5.452 

- 5.16 

9B.DB 

-0.0126 

0.2458 

- 58 

9.39 

10.81* 

89.84 

5.166 

- 4.65 

98.32 

- .0113 

.2451 

- 56 

9.94 

9.69* 

89.65 

4.900 

- 4.13 

9B.56 

- .0100 

.2444 

- 54 

10.51 

8.53* 

89.46 

4.650 

- 3.61 

9B.B0 

- .0087 

.2438 

- 52 

11.11 

7.31* 

B9.27 

4.415 

- 3.09 

99.04 

- .0075 

.2431 

- 50 

11.74 

6.03* 

89. OB 

4.192 

- 2.58 

99.28 

-0.0062 

0.3425 

- 48 

12.40 

4.68* 

8B.BB 

3.986 

- 2.06 

99.52 

- .0050 

.2418 

- 46 

13.09 

3.28* 

88.68 

3.793 

- 1.54 

99.76 

- .0037 

.2412 

- 44 

13.80 

1.83* 

BB.49 

3.611 

- 1.02 

100.00 

- .0025 

.2406 

- 42 

14.54 

0.326* 

88.30 

3.440 

- 0.51 

100.23 

- .0012 

.2400 

- 40 

15.31 

0.610 

B8.10 

3.279 

0.00 

100.46 

O.DODD 

0.2394 

- 38 

16.12 

1.42 

87.90 

3.126 

0.53 

100.70 

.0013 

.2389 

- 36 

16.97 

2.27 

87.70 

2.981 

1.05 

100.93 

.0025 

.2383 

- 34 

17.85 

3.15 

87.50 

2.844 

1.58 

101.17 

.0037 

.2377 

- 32 

18.77 

4.07 

87.29 

2.713 

2.10 

101.40 

.0050 

.2372 

- 30 

19.72 

5.02 

87.09 

2.590 

2.62 

101.63 

D.0D6Z 

0.2367 

- 2B 

20.71 

6.01 

86. B9 

2.474 

3.15 

101.86 

.0074 

.2361 

- 26 

21.73 

7.03 

86.69 

2.365 

3.69 

102.ID 

.0086 

.2356 

- 24 

22.79 

8.09 

86.48 

2.262 

4.22 

102.33 

.0099 

.2351 

- 22 

23.88 

9.18 

86.27 

2.165 

4.75 

102.56 

.Dili 

.2346 

- 20 

25.01 

10.31 

86.06 

2,074 

5.28 

102.79 

0.0123 

0.2341 

- 18 

26.18 

11.48 

85.85 

1.987 

5.82 

103.02 

.0135 

.2336 

- 16 

27.39 

12.69 

B5.64 

1.905 

6.40 

103.25 

.0147 

.2331 

- 14 

28.64 

13.94 

85.43 

1.827 

6.90 

103.48 

.0159 

.2326 

- 12 

29.94 

15.24 

85.21 

1.752 

7.43 

103.70 

.0170 

.2321 

- 10 

31.29 

16.59 

84.99 

1.681 

7.96 

103.92 

0.0182 

0.2316 

- 8 

32.69 

17.99 

84.7B 

1.613 

8.49 

104.14 

.0194 

.2312 

- 6 

34.14 

19.44 

84.56 

1.549 

9.02 

104.36 

.0205 

.2307 

- 4 

35.64 

20.94 

84.34 

1.4BB 

9.55 

104.58 

.0217 

.2302 

- 2 

37.19 

22.49 

84.12 

1.429 

10.09 

104.80 

.022B 

.2298 

0 

38.79 

24.09 

83.90 

1.373 

10.63 

105.02 

D.0240 

0.2293 

2 

40.43 

25.73 

83.6B 

1.320 

11.17 

105.24 

O.DZSl 

0.2280 

4 

42.14 

27.44 

83.45 

1.270 

11.70 

105.45 

.0262 

.2285 

5 

43.02 

28.33 

83.34 

1.246 

11.97 

105.56 

.DZ6B 

.2283 

6 

43.91 

29.21 

83.23 

1.221 

12.23 

105.66 

.0274 

.2280 

8 

45.74 

31.04 

83.01 

1.175 

12.76 

105.87 

.02B5 

.2276 

10 

47.63 

32.93 

82.78 

1.130 

13.29 

106.OB 

0.0296 

0.2272 

12 

49.58 

34.88 

82.55 

1.088 

13.82 

106.29 

.0307 

.2268 

14 

51.59 

36.89 

B2.32 

1.048 

14.36 

106.50 

.0319 

.2264 

16 

53.66 

38.96 

82.09 

1.D09 

14.90 

106.71 

.0330 

.2260 

18 

55.79 

41.09 

81.86 

0.0721 

15.44 

106.02 

.0341 

.2257 


* InohcB meroury below one RtmDBphBre. 
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Table 20. F-22 (CHCIF 2 ) Monochiorodifluoromethaiie^Properties of Liquid 
and Saturated Vapor (Concluded) 


Temp 

F 

f 

Preiiure | 

Liquid, 

density 

Vepor, 

■p vdI 

1 Enthal^, datum —40 F 

1 Btu per lb 

Entropy, datum —40 F 
Btu per lb F 

1 

pBla 

pslg 

Ib/cu ft 
i/v 

cu ft/lb 

•e 

Liquid 

A/ 

Vapor 

hg 

Liquid 

V 

Vapor 

h 

2D 

57 . 9 a 

43. ZB 

B1.63 

0.9369 

15.98 

107.13 

0.0352 

0.2253 

22 

60.23 

45.53 

B1.39 

.9032 

16.52 

107.33 

.0364 

.2249 

24 

62.55 

47. B5 

B1.16 

.8707 

17.06 

107.53 

.0375 

.2246 

26 

64.94 

50.24 

BO. 92 

.B39B 

17.61 

107.73 

.0379 

.2242 

2B 

67.40 

52.70 

BO.69 

.8100 

IB. 17 

107.93 

.0398 

.2239 

30 

69.93 

55.23 

BO.45 

0.7B16 

IB. 74 

108.13 

0.0409 

0.2235 

32 

72.53 

57. B3 

BO.21 

.7543 

19.32 

10B.33 

.0421 

.2232 

34 

75.21 

60.51 

79.97 

.7283 

19.90 

10B.5Z 

.0433 

.2228 

36 

77.97 

63.27 

79.73 

.7032 

20.49 

10B.71 

.0445 

.2225 

3B 

BD.Bl 

66.11 

79.49 

.6791 

21.09 

1DB.90 

.0457 

.2222 

40 

B3.72 

69.02 

79.25 

0.6559 

21.70 

109.09 

0.0469 

0.221B 

42 

86.69 

71.99 

79.00 

.6339 

22.29 

109.27 

.0481 

.2215 

44 

B9.74 

75.04 

78.76 

.6126 

22.90 

109.45 

.0493 

.2211 

46 

92. BB 

7B.1B 

7B.51 

.5922 

23.50 

109.63 

.0505 

.2208 

4B 

96.10 

B1.40 

78.26 

.5726 

24.11 

109.BO 

.0516 

.2205 

50 

99.40 

B4.70 

7B.02 

0.5537 

24.73 

109.9B 

D.052B 

0.2201 

52 

102. B 

BB.IO 

77.77 

.5355 

25.34 

110.14 

.0540 

.2198 

54 

106.2 

91.5 

77.51 

.51B4 

25.95 

110.30 

.0552 

.2194 

56 

109.B 

95.1 

77.26 

.5014 

26.5B 

110.47 

.0564 

.2191 

SB 

113.5 

9B.B 

77.01 

.4849 

27.22 

110.63 

.0576 

.2188 

60 

117.2 

102.5 

76.75 

0.4695 

27. B3 

110.7B 

0.05BB 

0.2185 

62 

121.0 

106.3 

76.50 

.4546 

2B.46 

110.93 

.0600 

.2181 

64 

124.9 

110.2 

76.24 

.4403 

29.09 

111.OB 

.0612 

.2178 

66 

12B.D 

114.2 

75.9B 

.4264 

29.72 

111.22 

.0624 

.2175 

6B 

133.0 

11B.3 

75.72 

.4129 

30.35 

111.35 

.0636 

.2172 

70 

137.2 

122.5 

75.46 

0.4000 

30.99 

111.49 

D.064B 

0.2168 

72 

141.5 

126. B 

75.20 

.3875 

31.65 

111.63 

.0661 

.2165 

74 

145.9 

131.2 

74.94 

.3754 

32.29 

111.75 

.0673 

.2162 

76 

150.4 

135.7 

74.6B 

.3638 

32.94 

lll.BB 

.0684 

.215B 

7B 

155.0 

140.3 

74.41 

.3526 

33.61 

112.01 

.0696 

.2155 

BO 

159.7 

145.0 

74.15 

0.3417 

34.27 

112.13 

D.070B 

0.2151 

B2 

164.5 

149. B 

73.89 

.3313 

34.92 

112.24 

.0720 

.2148 

B4 

169.4 

154.7 

73.63 

.3212 

35.60 

112.36 

.0732 

.2144 

B6 

174.5 

159.B 

73.36 

.3113 

36.ZB 

112.47 

.0744 

.2140 

BB 

179.6 

164.9 

73.09 

.3019 

36.94 

112.57 

.0756 

.2137 

90 

1B4.B 

170.1 

72. B1 

0.Z92B 

37.61 

112.67 

0.D76B 

0.2133 

92 

190.1 

175.4 

72.53 

.2841 

38.2B 

112.76 

.0780 

.2130 

94 

195.6 

IBO.9 

72.24 

.2755 

3B.97 

112. B5 

.0792 

.2126 

96 

201.2 

1B6.5 

71.95 

.2672 

39.65 

112.93 

.0B03 

.2122 

98 

206.8 

192.1 

71.65 

.2594 

40.32 

113.00 

.0815 

.2119 

loo 

212.6 

197.9 

71.35 

0.2517 

40.9B 

113.06 

0.0BZ7 

0.2115 

102 

21B.5 

203.8 

71.05 

.2443 

41.65 

113.12 

.0839 

.2111 

104 

224.6 

209.9 

70.74 

.2370 

42.32 

113.16 

.0851 

.2107 

106 

230.7 

216.0 

70.42 

.2301 

42.9B 

113.20 

.0862 

.2104 

lOB 

237.0 

222.3 

70.11 

.2233 

43.66 

113.24 

.0874 

.2100 

110 

243.4 

Z2B.7 

69.78 

0.2167 

44.35 

113.29 

0.0BB6 

0.2096 

112 

249.9 

235.2 

69.45 

.2104 

45.04 

113.34 

.DB9B 

.2093 

114 

256.6 

241.9 

69.12 

.2043 

45.74 

113.38 

.0909 

.2089 

116 

263.4 

24B.7 

6B.7B 

.19B3 

46.44 

113.42 

.0921 

.2085 

IIB 

270.3 

255.6 

6B.44 

.1926 

47.14 

113.46 

.0933 

.2081 

120 

277.3 

262.6 

6B.10 

0.1B71 

47. B5 

113.52 

0.0945 

0.2078 

izz 

3B4.4 

269.7 

67.75 

.1825 

4B.6 

113.57 



124 

391.6 

276.9 

67.40 

.1772 

49.4 

113.61 



126 

39B.B 

2B4.1 

67.05 

.1724 

50.2 

113.65 



12B 

306.1 

291.4 

66.70 

.1675 

50.B 

113.69 



130 

313.5 

29B.8 

66.35 

0.1629 

51.5 

113.71 



132 

321.0 

306.3 

66.00 

.1585 

52.3 

113.74 



134 

3ZB.7 

314.0 

65.65 

.1538 

53.1 

113.77 



136 

336.6 

321.9 

65.25 

.1492 

53.B 

113.79 



13B 

344.6 

329.9 

64. B5 

.1449 

54.6 

113.BO 



140 

352.7 

33B.0 

64.45 

0.140B 

55.3 

113.81 



142 

361.0 

346.3 

64.05 

.1368 

56.1 

113.BO 



144 

369.7 

355.0 

63.65 

.1330 

56.9 

113.79 



146 • 

379.0 

364.3 

63.25 

.1292 

57.7 

113.7B 



14B 

3BB.B 

374.1 

62. B5 

.1253 

5B.4 

113.76 



150 

399.0 

3B4.3 

62.45 

0.1216 

59.2 

113.74 



152 

407.0 

392.3 

62.02 

.1179 

60.0 

113.71 



154 

416.0 

401.3 

61.5B 

.1141 

60.B 

113.67 



156 

426.0 

411.3 

61.13 

.1105 

61.6 

113.62 



I5B 

436.5 

421. B 

60.67 

.1070 

62.5 

113.56 



160 

44B.0 

433.3 

60.20 

0.1035 

63.5 

113.50 




[IM] 



Table 21. F-Z2 (CHCIF,) MonochlorodifluoTemethane— PropertieB of Superheated Vapor 


Temp 

F 


t 


[at sat) 

-150 

14D 

130 

-12D 

-no 

-100 

- 9U 

- HD 

- 70 

- 60 

- 50 

- 4D 

- 30 

- 20 
- 10 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

no 

120 

130 

140 

150 

160 


PresauTB .25 pdB 
Gage preBBUTB 29.41 in. vac 
(Sat temp —150.9 F) 


U5I.8) 

152.19 

157.12 
162.04 

166.96 

171.89 

176.81 
181.74 
186.66 
191.59 
196.51 

201,43 

206.35 

211.28 

216.20 

221.12 

226.04 

230.97 

235.89 

240.81 
245.73 

250.66 

255.58 

260.50 

265.42 

270.34 

275.27 

280.19 

285.11 

290.03 

294.95 


iB7.se) i0.S060) 

87.36 .2962 


88.53 

89.72 

90.93 

92.14 

93.38 

94.62 

95.89 

97.16 

98.46 

99.76 

101.08 

102.42 

103.77 

105.14 

106.52 

107.91 

109.32 

110.75 

112.19 

113.64 

115.11 

116.59 

118.09 

119.61 

121.13 

122.68 

124.24 

125.81 

127.40 


.2999 

.3036 

.3072 

.3107 

.3142 

.3176 

.3210 

.3243 

.3276 

.3308 

.3340 

.3371 

.3403 

.3433 

.3464 

.3494 

.3524 

.3553 

.3582 

.3611 

.3639 

.3668 

.3696 

.3724 

.3751 

.3779 

.3806 

.3833 

.3859 


299.87 129.00 .3886 


PreBBUTB .30 peia 
OtLgB prBBBure 29.31 in. vac 
(Sat temp -147.4 F) 


ilS7.B) {87.66) iO.S9S£) 


130.91 

135.01 

139.12 

143.22 

147.33 

151.43 

155.53 

159.64 

163.74 

167.84 

171.95 

176.05 

180.15 

184.25 

188.36 

192.46 

196.56 

200.66 

204.76 

208.87 
212.97 
217.07 
221.17 
225.28 

229.38 

233.48 

237.58 

241.68 

245.78 

249.89 

253.99 


88.53 

89.72 

90.92 

92.14 

93.37 

94.62 

95.88 

97.16 

98.45 

99.76 

101.08 

102.42 

103.77 

105.13 

106.51 

107.91 

109.32 

110.75 

112.18 

113.64 

115.11 

116.59 
118.09 

119.60 

121.13 
122.68 
124.23 
125.81 
127.40 

129.00 

130.62 


.2958 

.2995 

.3031 

.3066 

.3101 

.3135 

.3168 

.3201 

.3234 

.3266 

.3298 

.3330 

.3361 

.3392 

.3422 

.3452 

.3482 

.3512 

.3541 

.3569 

.3598 

.3626 

.3654 

.3682 

.3710 

.3737 

.3764 

.3791 

.3818 

.3844 

.3871 


PreBBUTB .35 pBla 
OagB preBBUTB 29.21 in. vac 
(Sat temp -144.3 F) 


[110.7) (88.OS) {0.S907) 


112.19 

115.71 

119.23 

122.75 

126.26 

129.78 

133.30 

136.82 

140.33 

143.85 

147.37 

150.89 

154.40 

157.92 

161.44 

164.96 

168.47 

171.99 

175.50 

179.02 

182.54 

186.05 

189.57 

193.09 

196.60 
200.12 
203.63 
207.15 
210.66 

214.18 

217.70 


88.53 

89.72 

90.92 

92.14 

93.37 

94.62 

95.88 

97.16 

98.45 

99.76 
101.OB 
102.41 
103.77 

105.13 

106.51 

107.91 

109.32 

110.74 

1]?.18 

113.64 

115.11 

116.59 
118.09 

119.60 

121.13 
122.68 
124.23 
125.81 
127.39 

129.00 

130.61 


.2923 

.2959 

.2995 

.3031 

.3065 

.3100 

.3133 

.3166 

.3199 

.3231 

.3263 

.3295 

.3326 

.3357 

.3387 

.3417 

.3447 

.3476 

.3506 

.3534 

.3563 

.3591 

.3619 

.3647 

.3675 

.3702 

.3729 

.3756 

.3783 

.3809 

.3835 


PreBBUTB .40 pela 
Gage preBBUTB 29.11 in. vac 
(Sat temp —141.7 F) 


{J7.6S) (88.33) {O.S887) 


98.15 

LOL.23 

104.31 

107.39 

110.47 

113.55 
116.62 

119.70 

122.78 

125.86 

128.94 
132.01 
135.09 

138.17 

141.25 

144.33 

147.40 

150.48 

153.56 

156.63 

159.71 

162.79 

165.87 

168.94 

172.02 

175.10 

178.17 

181.25 

184.33 

187.40 

190.48 


88.53 

89.71 

00.92 

92.14 

93.37 

94.62 

95.88 

97.16 

98.45 

99.75 

101.08 

102.41 

103.76 

105.13 

106.51 

107.91 

109.32 

110.74 

112.18 

113.64 

115.10 

116.59 
118.09 

119.60 

121.13 
122.67 
124.23 
125.80 
127.39 

129.00 

130.61 


.2892 

.2929 

.2965 

.3000 

.3035 

.3069 

.3103 

.3136 

.3168 

.3201 

.3233 

.3264 

.3295 

.3326 

.3357 

.3387 

.3417 

.3446 

.3475 

.3504 

.3532 

.3561 

.3589 

.3617 

.3644 

.3672 

.3699 

.3726 

.3752 

.3779 

.3805 


Temp 

F 


Presaure .45 psla 
Gage presBure 29.00 in. vac 
(Sat temp -139.3 F) 


PreBBure .50 psia 
Gage pressure 28.90 in. vac 
(Sat temp -137.2 F) 


Pressure .55 psia 
Gage pressure 28.80 in. vac 
(Sat temp —135.0 F) 


PresBure .60 psia 
Gage presBure 28.70 In. vac 
(Sat temp —133.3 F) 


t 

V 

h 

6 

V 

h 

a 

V 

h 

B 

V 

h 

I 

([{( sal) 

is7.4s) 

(88.61) (O.SS68)\ 

(79.18) 

(88.86) (0.S863) I 

(7S.47) 

(89.10) (0.S838) 

(66.77) 

(89.91) iO.SaSB) 

-130 

89.97 

89.71 

.2902 

80.96 

89.71 

.2878 

73.59 

89.71 

.2856 

67.44 

89.70 

.2837 

-120 

92.70 

90.92 

.2938 

83.42 

90.91 

.2914 

75.83 

90.91 

.2892 

69.50 

90.91 

.2873 

-no 

95.44 

92.13 

.2974 

85.89 

92.13 

.2949 

78.07 

92.13 

.2928 

71.55 

92.13 

.2908 

-100 

98.18 

93.37 

.3008 

88.35 

93.36 

.2984 

80.31 

93.36 

.2962 

73.61 

93.36 

.2943 

- 90 

100.92 

94.61 

.3042 

90.81 

94.61 

.3018 

82.55 

94.91 

.2997 

75.66 

94.61 

.2977 

- 80 

103.65 

95.88 

.3076 

93.28 

95.87 

.3052 

84.79 

95.87 

.3031 

77.71 

95.87 

.3010 

- 70 

106.39 

97.15 

.3109 

95.74 

97.15 

.3085 

87.03 

97.15 

.3063 

79.77 

97.15 

.3043 

- 60 

109.13 

98.45 

.3142 

98.21 

98.44 

.3118 

89.27 

98.44 

.3096 

81.32 

98.44 

.3076 

- 50 

111.86 

99.75 

.3174 

100.67 

99.75 

.3150 

91.51 

99.75 

.3128 

83.88 

99.75 

.3108 

- 40 

114.60 

101.07 

.3206 

103.13 

101.07 

.3182 

93.75 

101.07 

.3160 

85.93 

101.07 

.3140 

- 30 

117.34 

102.41 

.3237 

105.60 

102.41 

.3213 

95.99 

102.41 

.3192 

87.98 

102.40 

.3172 

- 20 

120.07 

103.76 

.3269 

108.06 

103.76 

.3245 

98.23 

103.76 

.3223 

90.03 

103.76 

.3203 

- 10 

122.81 

105.13 

.3299 

110.52 

105.13 

.3275 

100.46 

105.12 

.3254 

92.09 

105.12 

.3234 

0 

125.54 

106.51 

.3330 

112.98 

106.51 

.3306 

102.70 

106.50 

.3284 

94.14 

106.50 

.3264 

10 

128.28 

107.90 

.3360 

115.45 

107.90 

.3336 

104.94 

107.90 

.3314 

96.19 

107.90 

.3294 

20 

131.02 

109.31 

.3390 

117.91 

109.31 

.3366 

107.18 

109.31 

.3344 

98.24 

109.31 

.3324 

30 

133.75 

110.74 

.3419 

120.37 

110.74 

.3395 

109.42 

110.74 

.3373 

100.30 

110.73 

.3354 

40 

136.49 

112.18 

.3448 

122.83 

112.18 

.3424 

111.66 

112.18 

.3403 

102.35 

112.17 

.3383 

50 

139.22 

113.63 

.3477 

125.29 

113.63 

.3453 

113.90 

113.63 

.3431 

104.40 

113.63 

.3412 

60 

141.96 

115.10 

.3506 

127.76 

115.10 

.3482 

116.14 

115.10 

.3460 

106.45 

115.10 

.3440 

70 

144.69 

116.59 

.3534 

130.22 

116.59 

.3510 

118.37 

116.58 

.3488 

108.50 

116.58 

.3468 

80 

147.43 

118.09 

.3562 

132.68 

118.09 

.3538 

120.61 

118.08 

.3516 

110.55 

118.08 

.3496 

90 

150.16 

119.60 

.3590 

135.14 

119.60 

.3566 

122.85 

119.60 

.3544 

112.61 

119.60 

.3524 

100 

152.90 

121.13 

.3617 

137.60 

121.13 

.3593 

125.09 

121.13 

.3572 

114.66 

121.12 

.3552 

no 

155.63 

122.67 

.3645 

140.07 

122.67 

.3621 

127.33 

122.67 

.3599 

116.71 

122.67 

.3579 

120 

158.37 

124.23 

.3672 

142.53 

124.23 

.3648 

129.56 

124.23 

.3626 

118.76 

124.23 

.3606 

130 

161.10 

125.80 

.3699 

144.99 

125.80 

.3675 

131.80 

125.80 

.3653 

120.81 

125.80 

.3633 

140 

163.84 

127.39 

.3725 

147.45 

127.39 

.3701 

134.04 

127.39 

.3680 

122.87 

127.39 

.3660 

150 

166.57 

128.99 

.3752 

149.91 

128.99 

.3728 

136.28 

128.99 

.3706 

124.92 

128.99 

.3686 

160 

169.31 

130.61 

.3778 

152.37 

130.61 

.3754 

138.52 

130.61 

.3732 

126.97 

130.61 

.3713 

170 

172.04 

132.24 

.3804 

154.83 ' 

132.24 

.3780 

140.75 

132.24 

.3759 

129.02 

132.24 

.3739 
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Table 21. F-22 (CHClFi) Monoclilorodlfluorometlian< 
Properties of Superheated Vapor (Continued) 


Temp 

PreBBurs .65 pBia 

PreBBure .70 

psia 

Pressure .75 psia 

PresBure .80 psia 

Ga^B prBBBure 2B.60 In. vac 

Gage preBBure 28.1 

SO in. vac 

Gage pressure 28.39 in. vac 

Gage pressure 28.29 in. vac 


(Sat temp —131.6 F) 

1 (Sat temp -129.9 F) 

(Sat temp -128.4 F) 

(Sat temp -127.0 F) 

1 

V 

h 

a 

V 

h 

a 

V 

h 

a 

V 

h 

a 

(al aat) 

(8LH) 

{80.52) 

{0.2813) 

{67.81) 

{89.72) 

{0.2802) 

{5AA9) 

{89.89) 

{0.2792) 

{61.01) 

(90.0(J) 

{0.27S3) 

-130 

62.25 

89.70 

.2818 










-IZO 

64.14 

90.90 

.2854 

59.55 

90.90 

.2837 

55.58 

90.90 

.2822 

52.09 

90.90 

.2807 

-no 

66.04 

92.12 

.2890 

61.31 

92.12 

.2873 

SI.22 

92.12 

.2857 

53.64 

92.11 

.2842 

-IDO 

67.94 

93.36 

.2924 

63.08 

93.35 

.2907 

58.86 

93.35 

.2892 

55.18 

93.35 

.2877 

- 90 

69. B3 

94.60 

.2958 

64.84 

94.60 

.2942 

60.51 

94.60 

.2926 

56.72 

94.60 

.2911 

- 80 

71.73 

95.87 

.2992 

66.60 

95.87 

.2975 

62.15 

95.86 

.2959 

58.26 

95.86 

.2945 

- 70 

73.62 

97.14 

.3025 

68.36 

97.14 

.3005 

63.79 

97.14 

.2992 

59.80 

97.14 

.2978 

- 60 

75.52 

98.44 

.3058 

70.12 

98.44 

.3041 

65.44 

98.43 

.3025 

61.34 

98.43 

.3010 

- 50 

77.42 

99.74 

.3090 

71.88 

99.74 

.3073 

67.08 

99.74 

.3057 

62.78 

99.74 

.3043 

- 40 

79.31 

101.07 

.3122 

73.64 

101.06 

.3105 

68.73 

101.06 

.3089 

64.42 

101.06 

.3075 

- 30 

B1.21 

102.40 

.3154 

75.40 

102.40 

.3137 

70.37 

102.40 

.3121 

65.96 

102.40 

.3106 

- 20 

B3.10 

103.75 

.3185 

77.16 

103.75 

.3168 

72.01 

103.75 

.3152 

67.50 

103.75 

.3137 

- ID 

85.00 

105.12 

.3216 

78.92 

105.12 

.3199 

73.65 

105.12 

.3183 

69.04 

105.11 

.3168 

D 

86.B9 

106.50 

.3246 

80.68 

106.50 

.3229 

75.30 

106.50 

.3213 

70.58 

106.50 

.3199 

10 

BB.79 

107.90 

.3276 

82.44 

107.89 

.3259 

76.94 

107.89 

.3244 

72.12 

107.89 

.3229 

20 

90.68 

109.31 

.3306 

84.20 

109.31 

.3289 

78.58 

109.30 

.3273 

73.66 

109.30 

.3259 

30 

92.58 

110.73 

.3335 

85.96 

110.73 

.3318 

80.22 

110.73 

.3303 

75.20 

110.73 

.3288 

40 

94.47 

112.17 

.3364 

87.72 

112.17 

.3348 

81.86 

112.17 

.3332 

76.74 

112.17 

.3317 

50 

96.36 

113.63 

.3393 

89.48 

113.63 

.3376 

83.51 

113.62 

.3361 

78.28 

113.62 

.3346 

60 

98.26 

115.10 

.3422 

91.23 

115.09 

.3405 

85.15 

115.09 

.3389 

79.82 

115.09 

.3374 

70 

100.15 

116.58 

.3450 

92.99 

116.58 

.3433 

86.79 

116.58 

.3417 

81.36 

116.58 

.3403 

BO 

102.05 

118.08 

.3478 

94.75 

118.08 

.3461 

88.43 

118.08 

.3446 

82.90 

118.08 

.3431 

90 

103.94 

119.59 

.3506 

96.51 

119.59 

.3489 

90.07 

119.59 

.3473 

84.44 

119.59 

.3459 

100 

105.84 

121.12 

.3534 

98.27 

121.12 

.3517 

91.72 

121.12 

.3501 

85.98 

121.12 

.3486 

110 

107.73 

122.67 

.3561 

100.03 

122.67 

.3544 

93.36 

122.66 

.3528 

87.52 

122.66 

.3514 

120 

109.62 

124.22 

.3588 

101.79 

124.22 

.3571 

95.00 

124.22 

.3555 

89.06 

124.22 

.3541 

130 

111.52 

125.80 

.3615 

103.55 

125.80 

.3598 

96.64 

125.80 

.3582 

90.60 

125.79 

.3568 

140 

113.41 

127.39 

.3642 

105.31 

127.38 

.3625 

98.28 

127.38 

.3609 

92.14 

127.38 

.3594 

150 

115.30 

128.99 

.3668 

107.06 

128.99 

.3651 

99.92 

128.99 

.3636 

93.68 

128.98 

.3612 

160 

117.20 

130.61 

.3694 

108.82 

130.60 

.3678 

101.56 

130.60 

.3662 

95.21 

130.60 

.3647 

170 

119.09 

132.24 

.3721 

110.58 

132.24 

.3704 

103.21 

132.24 

.3688 

96.75 

132.23 

.3673 

180 




112.34 

133.88 

.3730 

104.85 

133.88 

.3714 

98.29 

133.88 

.3699 

T BTlip 

PreBBure .90 psia 

Pressure 1.00 psia 

1 Pressure 1.25 psia 

Pressure 1.50 psia 

F 

Gage pressure 2B.D9 in. vac 

Gage pressure 27.88 in. vac | 

1 Gage pressure 27.38 in. vac 

Gage pressure 26.87 in. vac 


(Sat temp -124.3 F) 

(Sat temp -121.9 F) 

1 (Sat temp -116.6 F) 

(Sat temp -112.1 F) 

1 

V 

h 

s 

V 

h 

s 

V 

h 


V 

h 

s 

[tii ane) 

(4/J.ro) 

{on.38) 

(0.2705) 

{4t.W 

{90.U0) 

{0.2750) 

(33. f?.^) 

{91.28) 

[0.2718) 

(28.38) 

(91.82) 

(0.2fi!J2) 

-120 

46.29 

90.89 

.2780 

41.65 

90.88 

.2756 







-no 

47.66 

92.11 

.2815 

42.89 

92.10 

.2791 

34.29 

92.09 

.2740 

28.55 

92.08 

.2699 

-100 

49.03 

93.34 

.2850 

44.12 

93.34 

.2826 

35.27 

93.33 

.2775 

29.38 

93.31 

.2733 

- 90 

50.41 

94.59 

.2884 

45.35 

94.59 

.2860 

36.26 

94.58 

.2809 

30.20 

94.56 

.2767 

- BO 

51.78 

95.86 

.2918 

46.59 

95.85 

.2894 

37.25 

95.84 

.2843 

31.02 

95.83 

.2801 

- 70 

53.15 

97.13 

.2951 

47.82 

97.13 

.2927 

38.24 

97.12 

.2876 

31.85 

97.11 

.2834 

- 60 

54.52 

99.43 

.2984 

49.05 

98.42 

.2960 

39.22 

98.41 

.2909 

32.67 

98.40 

.2867 

- 50 

55.89 

99.73 

.3016 

50.29 

99.73 

.2992 

40.21 

99.72 

.2941 

33.49 

99.71 

.2899 

- 40 

57.26 

101.06 

.3048 

51.52 

101.05 

.3024 

41.20 

101.04 

.2973 

34.32 

101.03 

.2931 

- 30 

58.63 

102.39 

.3079 

52.75 

102.39 

.3055 

42.19 

102.38 

.3004 

35.14 

102.37 

.2963 

- 20 

59.99 

103.74 

.3111 

53.99 

103.74 

.3087 

43.17 

103.73 

.3036 

35.96 

103.72 

.2994 

- 10 

61.36 

105.11 

.3141 

55.22 

105.11 

.3117 

44.16 

105.ID 

.3066 

36.79 

105.09 

.3025 

0 

62.73 

106.49 

.3172 

56.45 

106.49 

.3148 

45.15 

106.48 

.3097 

37.61 

106.47 

.3055 

10 

64.10 

107.89 

.3202 

57.68 

107.88 

.3178 

46.13 

107.87 

.3127 

38.43 

107.86 

.3085 

20 

65.47 

109.30 

.3232 

58.92 

109.29 

.3208 

47.12 

109.29 

.3157 

39.25 

109.28 

.3115 

30 

66.84 

110.72 

.3261 

60.15 

110.72 

.3237 

48.10 

110.71 

.3186 

40.08 

110.70 

.3145 

40 

68.21 

112.16 

.3290 

61.38 

112.16 

.3266 

49.09 

112.15 

.3215 

40.90 

112.14 

.3174 

50 

69.58 

113.62 

.3319 

62.61 

113.62 

.3295 

50.08 

113.61 

.3244 

41.72 

113.60 

.3203 

60 

70.95 

115.09 

.3348 

63.84 

115.08 

.3324 

51.06 

115.07 

.3273 

42.54 

115.06 

.3231 

70 

72,31 

116.57 

.3376 

65.08 

116.57 

.3352 

52.05 

116.56 

.3301 

43.36 

116.55 

.3259 

BO 

73.68 

118.07 

.3404 

66.31 

118.07 

.3380 

53.03 

118.06 

.3329 

44.18 

118.05 

.3287 

90 

75.05 

119.59 

.3432 

67.54 

119.58 

.3408 

54.02 

119.58 

.3357 

45.01 

119.57 

.3315 

100 

76.42 

121.12 

.3459 

68.77 

121.11 

.3435 

55.01 

121.10 

.3384 

45.83 

121.10 

.3343 

no 

77.79 

122.66 

.3487 

70.00 

122.66 

.3463 

55.99 

122.65 

.3412 

46.65 

122.64 

.3370 

120 

79.16 

124.22 

.3514 

71.24 

124.21 

.3490 

56.98 

124.21 

.3439 

47.47 

124.20 

.3397 

130 

80.53 

125.79 

.3541 

72.47 

125.79 

.3517 

57.96 

125.78 

.3466 

48.29 

125.77 

.3424 

140 

81.89 

127.38 

.3567 

73.70 

127.38 

.3543 

58.95 

127.37 

.3493 

49.12 

127.36 

.3451 

150 

83.26 

128.99 

.3594 

74.93 

128.99 

.3570 

59.93 

128.97 

.3519 

49.94 

128.97 

.3478 

160 

84.63 

130.6P 

.3620 

76.1C 

130.60 

.3596 

60.92 

130.59 

.3545 

50.76 

130.58 

.3504 

170 

86.00 

132.23 

.3646 

77.39 

132.23 

.3622 

61.90 

132.22 

.3571 

51.58 

132.22 

.3530 

180 

87.37 

133.88 

.3762 , 

78 62 

133.8B 

.3648 

62.89 

133.87 

.3597 

52.40 

133.86 

.3556 

190 

_ 


1 

1 



63.88 

135.53 

.3623 

53.22 

135.53 

.3582 




Table 21. F-22 (CHCIF 2 ) Monochlorodifluoromethuii 
Properties of Superheated Vapor (Continued) 


Temp 

F 


Pressure 1.75 psia 
Gage pressure 26.36 in. vac 
(Sat temp -10B.2 F) 


Pressure Z.D psia 
Gage pressure 25.B5 in. vac 
(Sat temp —104.7 F) 


Pressure 2.5 psia 
Gage pressure 24.B3 in. vac 
(Sat temp —9B. B F) 


Pressure 3.0 psia 
Gage pressure 23.B1 in. vac 
(Sat temp -93. BF) 



V 

h 

s 

r 

h 

a 

V 

h 

a 

V 

h 

8 


[S4.fi fi) 

[02.28) 

[0.2670) 

[27.71) 

[02.72) 

[0.2661) 

[17.64) 

[03.41) 

[0.2821) 

[14-So) 

[04.02) 

[0.2607) 

100 

25.16 

93.30 

.269B 

22.00 

93.29 

.2667 







- 90 

25.87 

94.55 

.2732 

22.62 

94.54 

.2702 

IB.08 

94.51 

.2650 

15.05 

94.49 

.2609 

- BO 

26.5B 

95. B2 

.2766 

23.24 

95. B1 

.2735 

18.57 

95.78 

.2684 

15.46 

95.76 

.2642 

- 70 

27.2B 

97.10 

.2799 

23.86 

97.08 

.2768 

19.07 

97.06 

.2717 

15.87 

97.04 

.2676 

- 60 

27.99 

9B.39 

.2832 

24.48 

98.38 

.2801 

19.56 

98.36 

.2750 

16.29 

98.34 

.2708 

- 50 

ZB.70 

99.70 

.2864 

25.10 

99.69 

.2833 

20.06 

99.67 

.2782 

16.70 

99.65 

.2741 

40 

29.40 

101.02 

.2896 

25.72 

101.01 

.2865 

20.55 

100.99 

.2814 

17.11 

100.97 

.2773 

- 30 

30.11 

102.36 

.2927 

26.33 

102.35 

.2897 

21.05 

102.33 

.2846 

17.53 

102.31 

.2804 

- 20 

30.B1 

103.71 

.2959 

26.95 

103.70 

.2928 

21.54 

103.68 

.2877 

17.94 

103.66 

.2835 

- 10 

31.52 

105.OB 

.2990 

27.57 

105.07 

.2959 

22.04 

105.05 

.2908 

18.35 

105.03 

.2866 

0 

32.22 

106.46 

.3020 

23.19 

106.45 

.2990 

22.53 

106.43 

.2939 

18.76 

106.41 

.2897 

ID 

32.93 

107.85 

.3050 

28.80 

107.B5 

.3020 

23.03 

107.83 

.2969 

19.18 

107.81 

.2927 

20 

33.63 

109.27 

.3080 

29.42 

109.26 

.3049 

23.52 

1D9.24 

.2998 

19.59 

109.22 

.2957 

30 

34.34 

110.69 

.3109 

30.04 

110.68 

.3079 

24.02 

110.67 

.3028 

20.00 

110.65 

.2986 

40 

35.04 

112.13 

.3139 

30.66 

112.13 

.3108 

24.51 

112.11 

.3057 

70.41 

112.09 

.3015 

50 

35.75 

113.59 

.3167 

31.27 

113.58 

.3137 

25.00 

113.57 

.3086 

20.83 

113.55 

.3044 

60 

36.45 

115.06 

.3196 

31.89 

115.05 

.3165 

25.50 

115.04 

.3114 

21.24 

115.02 

.3073 

70 

37.16 

116.55 

.3224 

32.51 

116.54 

.3194 

25.99 

116.52 

.3143 

21.65 

116.51 

.3101 

BO 

37.86 

118.05 

.3252 

33.12 

118.04 

.3222 

26.49 

11B.02 

.3171 

22.06 

118.01 

.3129 

90 

38.57 

119.56 

.3280 

33.74 

119.55 

.3250 

26.98 

119.54 

.3199 

22.47 

119.52 

.3157 

100 

39.27 

121.09 

.330B 

34.36 

121.08 

.3277 

27.47 

121.07 

.3226 

22.88 

121.05 

.3185 

110 

39,98 

122.63 

.3335 

34.97 

122.63 

.3305 

27.97 

122.61 

.3254 

23.30 

122.60 

.3212 

120 

40.6B 

124.19 

.3362 

35.59 

124.19 

.3332 

28.46 

124.17 

.3281 

23.71 

124.16 

.3239 

130 

41.39 

125.77 

.3389 

36.21 

125.76 

.3359 

28.95 

125.75 

.3308 

24.12 

125.73 

.3266 

140 

42.09 

127.36 

.3416 

36.82 

127.35 

.3385 

29.45 

127.34 

.3334 

24.53 

127.32 

.3293 

150 

42. BO 

12B.Q6 

.3442 

37.44 

12B.95 

.3412 

29.94 

128.94 

.3361 

24.94 

128.93 

.3319 

160 

43.50 

130.58 

.3469 

38.06 

130,57 

.3438 

30.44 

130.56 

.3387 

25.35 

130.54 

.3346 

170 

44.20 

132.21 

.3495 

38.67 

132.20 

.3464 

30.93 

132.19 

.3413 

25.77 

132.18 

.3372 

IBO 

44.91 

133.86 

.3521 

39.29 

133.85 

.3490 

31.42 

133.84 

.3439 

26.18 

133.83 

.3398 

190 

45.61 

135.52 

.3547 

39.91 

135.51 

.3516 

31.91 

135.50 

.3465 

26.59 

135.49 

.3424 

200 

46.32 

137.20 

.3572 

40.52 

137.19 

.3542 

32.41 

137.18 

.3491 

27.10 

137.17 

.3449 

210 







32.90 

138.87 

.3516 

27.41 

138.86 

.3475 

T 

Pressure 3.5 psia 

Pressure 4.0 psia 

Pressure 4.5 psia 

Pressure 5.0 psia 

J 1^11 p 

Gage pressure 22.BO in. vac 

Gage pressure 21.78 in. vac 

Gage pressure 20.76 in. vac 

Gage pressure 19.74 in. vac 


(Sat temp - 89.4 F) 

(Sat temp —85.4 F) 

(Sat temp -82.0 F) 

(Sat temp —78.7 F) 

1 


h 

n 


h 

s 

V 

h 

A 

V 

h 

a 

[nl ml) 

[12.00) 

[04.r,o) 

[0.2070) 

[11.40) 

[06.02) 

[0.2668) 

[10.22) 

[06.46) 

[0.2642) 

[0.266) 

[06.83) 

[0.2620) 

BO 

13.14 

95.74 

.2607 

11.57 

95.72 

.2576 

10.27 

95.69 

.2549 




70 

13.59 

97.02 

.2640 

11.88 

97.00 

.2609 

10.55 

96.97 

.2582 

9.483 

96.95 

.2558 

- 60 

13.95 

98.31 

.2673 

12.19 

98.29 

.2642 

10.83 

98.27 

.2615 

9.733 

98.25 

.2591 

- 50 

14.30 

99.62 

.2705 

12.50 

99.60 

.2674 

11.10 

99.58 

.2647 

9.983 

99.56 

.2623 

40 

14.66 

100.95 

.2737 

12.81 

100.93 

.2706 

11.38 

100.91 

.2679 

10.232 

1DD.B9 

.2655 

30 

15.01 

102.29 

.2769 

13.12 

102.27 

.2738 

11.66 

102.25 

.2711 

10.481 

102.23 

.2687 

- 20 

15.37 

103.64 

.2800 

13.43 

103.62 

.2769 

11.93 

103.60 

.2742 

10.729 

103.58 

.2718 

- 10 

15.72 

105.01 

.2831 

13.74 

104.99 

.2800 

12.21 

104.98 

.2773 

10.978 

104.96 

.2749 

0 

16.07 

106.40 

.2861 

14.05 

106.38 

.2831 

12.48 

106.36 

.2804 

11.226 

106.34 

.2780 

10 

16.43 

107.80 

.2892 

14.36 

107.78 

.2861 

12.76 

107.76 

.2834 

11.475 

107.74 

.2810 

20 

16.7B 

109.21 

.2921 

14.67 

109.19 

.2891 

13.04 

109.17 

.2864 

11.723 

109.16 

.2840 

30 

17.13 

110.63 

.2951 

14.98 

110.62 

.2920 

13.31 

110.60 

.2893 

11.972 

110.59 

.2869 

40 

17.49 

112.07 

.2980 

15.29 

112.06 

.2950 

13.59 

112.05 

.2922 

12.220 

112.03 

.2898 

50 

17.84 

113.53 

.3009 

15.60 

113.52 

.2978 

13.86 

113.50 

.2951 

12.468 

113.49 

.2927 

60 

IB.19 

115.00 

.3037 

15.91 

114.99 

.3007 

14.14 

114.98 

.2980 

12.715 

114.96 

.2956 

70 

18.55 

116.49 

.3066 

16.22 

116.48 

.3035 

14.41 

116.46 

.3008 

12.963 

116.45 

.2984 

BO 

IB.90 

117.99 

.3094 

16.53 

117.98 

.3063 

14.69 

117.97 

.3036 

13.211 

117.95 

.3012 

90 

19.25 

119.51 

.3122 

16.84 

119.50 

.3091 

14.96 

119.48 

.3064 

13.460 

119.47 

.3040 

100 

19.61 

121.04 

.3149 

17.15 

121.03 

.3119 

15.24 

121.01 

.3092 

13.707 

121.00 

.3068 

110 

19.96 

122.5B 

.3177 

17.46 

122.57 

.3146 

15.51 

122.56 

.3119 

13.955 

1ZZ.55 

.3095 

120 

20.31 

124.14 

.3204 

17.77 

124.13 

.3173 

15.79 

124.12 

.3146 

14.202 

124.11 

.3122 

130 

20.67 

125.72 

.3231 

18.08 

125.70 

.3200 

16.06 

125.69 

.3173 

14.450 

125.68 

.3149 

140 

21.02 

127.31 

.325B 

18.39 

127.29 

.3227 

16.34 

127.28 

.3200 

14.697 

127.27 

.3176 

150 

21.37 

128.91 

.3284 

18.69 

128.90 

.3254 

16.61 

128.89 

.3227 

14.945 

128.88 

.3202 

160 

21.73 

130.53 

.3310 

19.00 

130.52 

.3280 

16.89 

130.51 

.3253 

15.192 

130.49 

.3229 

170 

22.OB 

132.17 

.3337 

19.31 

132.15 

.3306 

17.16 

132.14 

.3279 

15.440 

132.13 

.3255 

IBO 

22.43 

133.B1 

.3363 

19.62 

133.80 

.3332 

17.44 

133.79 

.3305 

15.687 

133.78 

.3281 

190 

22.7B 

135.4B 

.3388 

19.93 

135.46 

.3358 

17.71 

135.45 

.3331 

15.934 

135.44 

.3307 

200 

23.14 

137.15 

.3414 

20.24 

137.14 

.3383 

17.98 

137.13 

.3357 

16.181 

137.12 

.3332 

210 

23.49 

138.B5 

.3439 

20.55 

138.84 

.3409 

18.26 

138.82 

.3382 

16.429 

138.81 

.3358 

220 

23. B4 

140.56 

.3465 

20.86 

140.54 

.3434 

18.53 

140.53 

.3407 

16.676 

140.52 

.3383 

230 










16.923 

142.24 

.3408 

— 
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Table 21. F-22 (CHClFi) Monochiorodifluoromethuie 
PropertieB of Superheated Vapor (Continued) 


Temp 

Preaiure 6 paia 

Preaaure 7 paia 

Preaaare 8 paia 

Preaaure 9 paia 

Gage preaaure 17.71 in. vac 

Gage preaaure 15.67 in. vac 

Gage preaaure 13.64 in. vac 

Gage preaBure 11.60 in. vac 


(Sat temp —73.0 F) 

(Sat temp —68.0 F) 

(Sat temp —63.5 F) 

(Sat temp -59.5 F) 

t 

0 

h 

a 

V 

h 

a 

V 

h 

■ 

v 

h 

B 

(fit ant) 

(r.sfTfl) 


{0.1B506) 

{B.7S1) 

{D7.12) 

{0.g4S7) 

(£.001) 

(97.66) 

(0.E471) 

(5.370) 

{9S.14) 

( 0 . 24 BB\ 

- 70 

7.BB6 

96.91 

.2516 










- 60 

8.095 

98.20 

.2549 

6.924 

98.16 

.2513 

6.046 

98.12 

.2482 




- 50 

8.303 

99.52 

.2581 

7.103 

99.48 

.2545 

6.204 

99.44 

.2514 

5.503 

99.39 

.2487 

- 40 

B.511 

100.B5 

.2613 

7.282 

100.80 

.2577 

6.361 

100.75 

.2546 

5.643 

100.72 

.2519 

- 30 

B.719 

102.19 

.2645 

7.461 

102.15 

.2609 

6.517 

102.10 

.2578 

5.783 

102.06 

.2551 

- 20 

8.927 

103.54 

.2676 

7.640 

103.51 

.2640 

6.673 

103.47 

.2610 

5.923 

103.43 

.2582 

- 10 

9.135 

104.92 

.2707 

7.818 

104.88 

.2671 

6.830 

104.84 

.2641 

6.062 

104.81 

.2613 

0 

9.342 

106.31 

.2738 

7.996 

106.27 

.2702 

6.986 

106.23 

.2671 

6.201 

106.19 

.2644 

10 

9.549 

107.71 

.2768 

8.174 

107.67 

.2732 

7.143 

107.63 

.2701 

6.341 

107.60 

.2674 

20 

9.757 

109.12 

.2798 

8.352 

109.09 

.2762 

7.299 

109.05 

.2731 

6.479 

109.02 

.2704 

30 

9.964 

110.55 

.2827 

8.530 

110.52 

.2792 

7.455 

110.48 

.2761 

6.618 

110.45 

.2734 

40 

10.171 

112.00 

.2856 

8.708 

111.96 

.2821 

7.611 

111.93 

.2790 

6.757 

111.90 

.2763 

50 

10.37B 

113.46 

.2BB5 

8.886 

113.42 

.2850 

7.767 

113.39 

.2819 

6.896 

113.36 

.2792 

60 

10.585 

114.93 

.2914 

9.064 

114.90 

.2878 

7.922 

114.87 

.2848 

7.035 

114.83 

.2820 

70 

10.792 

116.42 

.2942 

9.241 

116.39 

.2907 

8.078 

116.36 

.2876 

7.173 

116.32 

.2849 

BO 

10.999 

117.92 

.2970 

9.419 

117.89 

.2935 

8.234 

117.86 

.2904 

7.312 

117.83 

.2877 

90 

11.206 

119.44 

.299B 

9.597 

119.41 

.2963 

8.389 

119.38 

.2932 

7.450 

119.35 

.2905 

100 

11.413 

120.97 

.3026 

9.774 

120.94 

.2990 

8.545 

120.91 

.2960 

7.589 

120.88 

.2933 

110 

11.6Z0 

122.52 

.3053 

9.952 

122.49 

.3018 

8.700 

122.46 

.2987 

7.727 

122.43 

.2960 

120 

11.B26 

124.08 

.3080 

10.129 

124.05 

.3045 

8.856 

124.02 

.3014 

7.865 

124.00 

.2987 

130 

12.033 

125.66 

.3107 

10.306 

125.63 

.3072 

9.011 

125.60 

.3041 

B.D04 

12S.57 

.3014 

140 

12.239 

127.25 

.3134 

10.483 

127.22 

.3099 

9.166 

127.19 

.3068 

8.142 

127.17 

.3041 

150 

12.446 

128.85 

.3161 

10.660 

128.82 

.3125 

9.321 

128.80 

.3095 

8.280 

128.77 

.3068 

160 

12.652 

130.47 

.3187 

10.837 

130.45 

.3152 

9.477 

130.42 

.3121 

8.418 

130.39 

.3094 

170 

12.B59 

132.11 

.3213 

11.014 

132.08 

.3178 

9.632 

132.06 

.3147 

8.556 

132.03 

.3120 

IBD 

13.065 

133.75 

.3239 

11.192 

133.73 

.3204 

0.787 

133.71 

.3173 

8.694 

133.68 

.3146 

190 

13.271 

135.41 

.3265 

11.369 

135.40 

.3230 

0.942 

135.37 

.3199 

8.832 

135.35 

.3172 

200 

13.477 

137.09 

.3291 

11.545 

137.08 

.3255 

10.097 

137.05 

.3225 

8.970 

137.03 

.3198 

210 

13.683 

138.79 

.3316 

11.722 

138.77 

.3281 

10.252 

138.75 

.3250 

9.108 

13B.72 

.3223 

220 

13.BB9 

140.50 

.3341 

11.899 

140.47 

.3306 

10.407 

140.45 

.3276 

9.245 

140.43 

.3249 

230 

14.096 

142.22 

.3366 

12.076 

142.20 

.3331 

10.562 

142.18 

.3301 

9.383 

142.15 

.3274 

240 




12.253 

143.94 

.3356 

10.717 

143.91 

.3326 

9.521 

143.B9 

.3299 

250 










9.659 

145.65 

.3324 

Temp 

Preaaure 10 paia 

Preaaure 11 paia 

Preaaure 12 paia 

PresBure 14 paia 

F 

Gage preaaure 9.57 in. vac 

Gage preaaure 7.53 in. vac 

Gage preaaure 5.50 in. vac 

Gage preBBure 1.42 In. vac 


(Sat temp —55.8 F) 

(Sat temp —52.4 F) 

(Sat temp -49.2 F) 

(Sat temp —43.5 F) 

t 

V 

h 

a 

V 

h 

s 

V 

h 

B 

V 

h 

B 

(nt ant) 

(4.S70) 


[0.S4U) 

i4-4SH) 

[08.})!)) 

(0.g4g£) 


(99.S7) 

( 0 .S 422 ) 

(3.66B) 

(100.06) 

(O.E404) 

- 50 

4.943 

99.35 

.2462 

4.485 

99.31 

.2440 







- 40 

5.060 

100.68 

.2494 

4.600 

100.64 

.2472 

4.209 

100.60 

.2452 

3.595 

100.51 

.2415 

- 30 

5.195 

102.02 

.2526 

4.715 

101.98 

.2504 

4.315 

101.94 

.2484 

3.685 

101.B6 

.2447 

- 20 

5.321 

103.29 

.2558 

4.B30 

103.35 

.2535 

4.420 

103.31 

.2515 

3.776 

103.23 

.2479 

- ID 

5.447 

104.77 

.2589 

4.944 

104.73 

.2567 

4.525 

104.69 

.2546 

3.867 

104.62 

.2510 

D 

5.573 

106.16 

.2619 

5.059 

106.12 

.2597 

4.630 

106.08 

.2577 

3.957 

106.01 

.2541 

10 

5.699 

107.56 

.2650 

5.173 

107.53 

.2628 

4.735 

107.49 

.2607 

4.048 

107.42 

.2571 

20 

5.824 

108.98 

.2680 

5.288 

108.95 

.2658 

4.840 

108.91 

.2637 

4.138 

108.B4 

.2601 

30 

5.950 

110.40 

.2709 

5.402 

110.38 

.2687 

4.945 

110.35 

.2667 

4.228 

110.28 

.2631 

40 

6.075 

111.86 

.2739 

5.516 

111.83 

.2716 

5.050 

111.79 

.2696 

4.318 

111.73 

.2660 

50 

6.200 

113.32 

.2767 

5.630 

113.99 

.2745 

5.155 

113.26 

.2725 

4.408 

113.19 

.2689 

60 

6.325 

114.80 

.2796 

5.743 

114.77 

.2774 

5.260 

114.74 

.2754 

4.499 

114.67 

.2718 

70 

6.450 

116.29 

.2824 

5.857 

116.26 

.2802 

5.364 

116.23 

.2782 

4.588 

116.17 

.2746 

BO 

6.575 

117.80 

.2853 

5.971 

117.77 

.2831 

5.468 

117.74 

.2810 

4.678 

117.68 

.2775 

00 

6.700 

119.32 

.2881 

6.085 

119.29 

.2859 

5.573 

119.26 

.2838 

4.768 

119.20 

.2803 

100 

6.834 

120.85 

.2908 

6.199 

120.82 

.2886 

5.677 

120.80 

.2866 

4.857 

120.74 

.2830 

110 

6.949 

122.40 

.2936 

6.312 

122.37 

.2914 

5.781 

122.35 

.2894 

4.947 

122.29 

.2858 

120 

7.073 

123.97 

.2963 

6.425 

123.94 

.2941 

5.885 

123.91 

.2921 

5.036 

123.B6 

.2BB5 

130 

7.198 

125.55 

.2990 

6.539 

125.59 

.2968 

5.989 

125.49 

.2948 

5.126 

125.44 

.2912 

140 

7.322 

127.14 

.3017 

6.652 

127.11 

.2995 

6.093 

127.08 

.2975 

5.215 

127.03 

.2939 

150 

7.447 

128.74 

.3043 

6.766 

128.72 

.3021 

6.197 

128.69 

.3001 

5.304 

128.64 

.2966 

160 

7.571 

130.37 

.3070 

6.879 

130.34 

.3048 

6.301 

130.32 

.3028 

5.394 

130.27 

.2992 

170 

7.696 

132.01 

.3096 

6.992 

131.98 

.3074 

6.405 

131.96 

.3054 

5.483 

131.91 

.3018 

IBO 

7.820 

133.66 

.3122 

7.105 

133.63 

.3100 

6.509 

133.61 

.3080 

5.573 

133.56 

.3044 

190 

7.945 

135.32 

.3148 

7.218 

135.30 

.3126 

6.613 

135.27 

.3106 

5.661 

135.23 

.3070 

200 

8.069 

137.00 

.3173 

7.331 

136.98 

.3152 

6.717 

136.96 

.3132 

5.750 

136.91 

.3096 

210 

8.193 

138.70 

.3199 

7.444 

138.68 

.3177 

6.820 

138.65 

.3157 

5.840 

138.61 

.3121 

220 

8.317 

140.41 

.3224 

7.557 

140.39 

.3202 

6.924 

140.36 

.3182 

5.929 

140.32 

.3147 

230 

8.441 

142.13 

.3250 

7.670 

142.11 

.3228 

7.028 

142.09 

.3208 

6.018 

142.05 

.3172 

340 

7.565 

143.87 

.3275 

7.783 

143.85 

.3253 

7.131 

143.83 

.3233 

6.107 

143,79 

.3197 

250 

8.689 

145.63 

.3300 

7.896 

145.60 

.3278 

7.234 

145.58 

.3258 

6.196 

145.54 

.3222 

200 







7.338 

147.35 

.3282 

0.289 

147.31 

.3247 
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Table Zl. F-Z2 (CHClFi) Monochlorodifluoromethane 
PropertieB of Superheated Vapor (Continued) 


Temp 

F 

PreSBUTB 16 paia 

GafB preBBUre 1.3 pBlg 
(Sat temp —38.3 P) 

PreBBUTD 18 pbIb 

Gate prBBBure 3.3 prig 
(Sat temp -33.7 F) 

PraBBUTB 20 pria 

GagB preBBUTB 5.3 pBlg 
(Sat temp —29.4 F) 

PresBure 25 paia 

Gage preSBure 10.3 psig 
(Sat temp —2O.0 F) 

f 

V 

h 

a 

V 

h 

a 

V 

h 

a 

D 

A 

a 


[3.147) 

UQ0.03) 

[0.2390) 

{S.8S0) 

(101.10) 

iO.B376) 

{a.666) 

(101.70) 

(o.sse6) 

[e.074) 

(i0£.79) 

(o.e34i) 

30 

3.213 

101.78 

.2416 

2.846 

101.70 

.2388 







ZO 

3.293 

103.16 

.2447 

2.917 

103.08 

.2420 

2.616 

103.00 

.2394 




- 10 

3.373 

104.54 

.2479 

2.988 

104.46 

.2451 

2.681 

104.38 

.2426 

2.127 

1U4.19 

.2372 

0 

3.452 

105.93 

.2509 

3.059 

105.86 

.2482 

2.745 

105.78 

.2457 

2.179 

105.59 

.2403 

10 

3.532 

107.34 

.2540 

3.130 

107.27 

.2512 

2.809 

107.20 

.2487 

2.231 

107.01 

.2434 

2D 

3,611 

10B.77 

.2570 

3.201 

108.70 

.2542 

2.873 

108.63 

.2517 

2.283 

108.45 

.2464 

30 

3.690 

110.21 

.2600 

3.272 

110.14 

.2572 

2.037 

110.07 

.2547 

2.335 

109.89 

.2494 

40 

3.769 

111.66 

.2629 

3.343 

111.59 

.2601 

3.001 

111.52 

.2577 

2.3B6 

111.35 

.2524 

50 

3.848 

113.13 

.2658 

3.413 

113.06 

.2630 

3.065 

113.00 

.2606 

2.437 

112.83 

.2553 


3.92B 

114.61 

.2687 

3.484 

114.55 

.2659 

3.12B 

114.48 

.2634 

2.480 

114.32 

.2582 

70 

4,006 

116.11 

.2715 

3.554 

116.04 

.2688 

3.192 

115.98 

.2663 

2,540 

115.82 

.2610 

BO 

4.0B5 

117.62 

.2744 

3.624 

117.56 

.2716 

3.255 

117.49 

.2691 

2.591 

117.34 

.2639 

90 

4.164 

119.14 

.2772 

3.694 

119.08 

.2744 

3.319 

119.02 

.2710 

2.643 

118.87 

.2667 

iDfl 

4.243 

120.68 

.2799 

3.764 

120.62 

.2772 

3.382 

120.56 

.2747 

2.693 

120.42 

.2695 

110 

4.321 

122.23 

.2827 

3.834 

122.18 

.2799 

3.445 

122.12 

.2775 

2.744 

121.98 

.2722 


4.399 

123.80 

.2854 

3.904 

123.74 

.2827 

3.508 

123.60 

.2802 

2.705 

123.55 

.2750 

130 

4.478 

125.38 

.2881 

3.975 

125.33 

.2854 

3.571 

125.27 

.2829 

2.846 

125.14 

,2777 

140 

4.557 

126.98 

.2908 

4.044 

126.92 

.2881 

3.635 

126.87 

.2855 

2.897 

126.74 

.2804 

l50 

4.635 

128.59 

.2935 

4.114 

128.54 

.2907 

3.698 

128.49 

.2883 

2.947 

128.36 

.2831 

Ifitl 

4.713 

130.21 

.2961 

4.184 

130.16 

.2934 

3.761 

130.11 

.2909 

2.998 

129.99 

.2857 

17n 

4.792 

131.86 

.2987 

4.254 

131.81 

.2960 

3.824 

131.76 

.2936 

3.049 

131.63 

.2883 


4.B70 

133.51 

.3014 

4.324 

133.46 

.29B6 

3.886 

133.41 

.2962 

3.099 

133.29 

.2910 

190 

4.948 

135.18 

.3039 

4.393 

135.13 

.3012 

3.949 

135.08 

.2988 

3.150 

134.96 

.2936 

200 

5.026 

136.86 

.3065 

4.463 

136.82 

.3D3B 

4.012 

136.77 

.3013 

3.200 

136.65 

.2961 

2 in 

5 104 

138.56 

.3091 

4.532 

138..52 

.3063 

4.074 

138.47 

.3039 

3.251 

138.36 

.2987 

220 

5.182 

140.27 

.3116 

4.602 

140,32 

.3089 

4.137 

140.19 

.3064 

3.301 

140.07 

.3012 

230 

5.260 

142.00 

.3141 

4.671 

141.96 

.3114 

4.200 

141.91 

.3090 

3.352 

141.80 

.3038 

240 

5.33B 

143.74 

.3166 

4.740 

143.70 

.3139 

4.263 

143.66 

.3115 

3.402 

143.55 

.3063 


5 416 

145.50 

.3191 

4.810 

145.46 

.3164 

4.325 

145.42 

.3140 

3.452 

145.31 

.3088 


S 494 

147.27 

.3216 

4.880 

147.23 

.3189 

4.388 

147.10 

.3165 

3.503 

147.08 

.3113 


5I572 

149.05 

.3241 

4.949 

149.02 

.3214 

4.450 

148.98 

.3189 

3.553 

148.88 

.3138 








4.512 

150.78 

.3214 

3.603 

150.68 

.3162 

290 










3.653 

152.50 

.3187 



PreBBure 35 psia 

PrBBBure 40 pala 

PreBBure 45 psla 

Temp 

Gaf^e pressure 15.3 psig 

Gage presBure 20.3 pslg 

Gage pressure Z5.3 psig 

Gage pressure 30.3 psig 

F 

(Sat temp —11.9 F) 

(Sat temp —4.9 F) 

(Sat temp 1.5 F) 

(Sat temp 7.2 F) 

1 

II 

h 

a 

11 

h 

a 

f 

h 

a 

V 

h 

a 

(tit .sat) 

[I.74D) 

U03.7t) 

{0.23SS) 

(1.613) 

{104.4^) 

i0.B30G) 

(1.334) 

(105.17) 

(O.Be9S) 

(1.193) 

(106.81) 

(0.2281) 

- 10 

1.758 

103.98 

.2328 










0 

LB02 

105.39 

.2359 

1.532 

105.19 

.2321 







10 

1 845 

106.BZ 

.2390 

1.570 

106.62 

.2352 

1.363 

106.41 

.2319 

1.202 

106.22 

.2290 

20 

1 BB9 

108.26 

.2420 

1.608 

108.07 

.2383 

1.396 

107.87 

.2350 

1.232 

107.68 

.2321 

30 

i!933 

109.71 

.2450 

1.645 

109.53 

.2413 

1.430 

109.34 

.2380 

1.262 

100.16 

.2351 

40 

1.976 

111.18 

.2480 

1.683 

111.00 

.2443 

1.463 

110.82 

.2410 

1.292 

110.65 

.2381 

50 

2 019 

112.66 

.2509 

1.720 

112.49 

.2472 

1.496 

112.31 

.2439 

1.3ZZ 

112.15 

.2411 

60 

2.063 

114.15 

.2538 

1.758 

113.99 

.2501 

1.529 

113.81 

.2469 

1.351 

113.64 

.2440 

70 

2.106 

115.66 

.2567 

1.795 

115.50 

.2530 

1.562 

115.33 

.2498 

1.381 

115.16 

.2469 

BO 

2.149 

117.18 

.2595 

1.832 

117.02 

.2559 

1.595 

116.86 

.2526 

1.410 

116.71 

.2498 

90 

2.192 

118.72 

.2624 

1.869 

118.56 

.2587 

1.628 

118.40 

.2555 

1.440 

118.26 

.2526 

lOO 

2 235 

120,27 

.2652 

1.906 

120.12 

.2615 

1.660 

119.96 

.2583 

1.469 

119.81 

.2554 

110 

2.277 

121.83 

.2679 

1.943 

121.68 

.2643 

1.603 

121.53 

.2610 

1.498 

121.38 

.2582 

120 

2 320 

123.41 

.2707 

1.980 

123.26 

.2670 

1.726 

123.12 

.2638 

1.527 

IZZ.97 

.2610 

130 

2.362 

125.00 

.2734 

2.017 

124.86 

.2697 

1.758 

124.72 

.2665 

1.556 

124.57 

.2637 

140 

2.405 

126.61 

.2761 

2.054 

126.47 

.2724 

1.790 

126.33 

.2693 

1.585 

126.19 

.2664 

150 

2 448 

128.22 

.2788 

2.091 

128.09 

.2751 

1.823 

127.96 

.2719 

1.614 

127.82 

.2691 

160 

2^490 

129.B6 

.2814 

2.127 

129.73 

.2778 

1.855 

129.60 

.2746 

1.643 

129.47 

.2718 

170 

2.533 

131.51 

.2841 

2.164 

131.38 

.2804 

1.887 

131.25 

.2773 

1.672 

131.12 

.2745 

IBO 

2.575 

133.17 

.2867 

2.200 

133.04 

.2830 

1.919 

132.92 

.2799 

1.701 

132.79 

.2771 

190 

2.617 

134.84 

.2893 

2.237 

134.72 

.2857 

1.951 

134.60 

.2825 

1.730 

134.48 

.2797 

200 

2 659 

136.54 

.2919 

2.273 

136.42 

,2882 

1.983 

136.30 

.2851 

1.758 

136.18 

.2823 

210 

2.702 

138.24 

.2944 

2.310 

138.12 

.2908 

Z.D16 

138.01 

.2877 

1.787 

137.89 

.2849 

220 

Z.744 

139.96 

.2970 

2.346 

139.83 

.2934 

2.047 

139.73 

.2902 

1.B15 

139.62 

.2875 

230 

2.786 

i4l.69 

.2995 

2.382 

141.58 

.2959 

2.079 

141.47 

.2928 

1.844 

141.35 

.2900 

240 

2.829 

143.44 

.3020 

2.419 

143.33 

.2984 

2.111 

143.22 

.2953 

1.872 

143.11 

.2925 

250 

2.871 

145.20 

.3045 

2.455 

145.10 

.3009 

2.143 

144.99 

.2978 

l.OOZ 

144.87 

.2950 

260 

2.913 

146.08 

.3070 

2.491 

146.88 

.3034 

2.175 

146.77 

.3003 

1.931 

146.66 

.2975 

270 

2.955 

148.77 

.3095 

2.527 

148.67 

.3059 

2.207 

148.57 

.3028 

1.959 

148,46 

.3000 

280 

2.997 

150.58 

.3120 

2.563 

150.48 

.3084 

2.239 

150.38 

.3052 

1.987 

150.28 

,3025 

290 

3.039 

152.40 

.3144 

2.600 

152.30 

.3108 

2.270 

152.20 

.3077 

2.016 

152.11 

.3049 

300 




2.636 

154.14 

.3132 

2.302 

154.04 

.3101 

2.044 

153.94 

.3074 

310 







2.334 

155.89 

.3125 

2.072 

155.80 

.3098 


HAS] 



Table 21. F-22 (CHClFi) MonDchlorodlfluoromethani 
Properties of Superheated Vapor (Continued) 



Presauro 5o paia 

PreaaurB 55 paia 

PreBBure 60 paia I 

Preasure 65 paia 

Temp 

Gage presBure 35.3 paig 

Gage preBBure 40.3 paig 

Gage ] 

preasure 45.3 paig 

Gage presBure 50.3 psig 

F 

(Sat temp 12.4 F) 

(Sat temp 17.2 F) 

(Sat temp 21.8 F) 

(Sat temp 26.0 F) 

t 

V 

h 

a 

n 

h 

a 

a 

h 

a 

V 

h 

a 

[at mt) 

il.OHO) 

(106.36) 

(0.2271) 

(.0851) 

(108.85) 

(0.2261) 

(.9061) 

(107.32) 

(0.2263) 

(.8398) 

(107.73) 

(0.2242) 

20 

1.100 

107.48 

.2294 

.9922 

107.27 

.2270 







30 

1.128 

108.96 

.2325 

1.0176 

108.76 

.2300 

.9255 

108.56 

.2278 

.8480 

108.36 

.2257 

40 

1.155 

110.46 

.2355 

1.0425 

110.27 

.2331 

.9491 

110,07 

.2308 

.8700 

109.88 

.2288 

SO 

1.182 

111.96 

.2384 

1.D67S 

111.78 

.2360 

.9721 

111.59 

.2338 

.8917 

111.39 

.2318 

60 

1.209 

113.47 

.2414 

1.0921 

113.28 

.2390 

.9950 

113,10 

.2368 

.9130 

112.91 

.2347 

70 

1.236 

114.99 

.2443 

1,1168 

114.82 

.2419 

I.OIBO 

114.64 

.2397 

.9343 

114.46 

.2377 

BO 

1.262 

116.54 

.2472 

1.1414 

116.37 

.2448 

1.04D6 

116.20 

.2426 

.9557 

116.02 

.2406 

90 

1.289 

118.10 

.2500 

1.1659 

117.93 

.2477 

1.0634 

117.77 

.2455 

.9763 

117.60 

.2435 

100 

1.316 

119.66 

.2528 

1.1902 

119.50 

.2505 

1.0858 

119.35 

.2483 

.9973 

119.18 

.2463 

110 

1.342 

121.23 

.2556 

1.2146 

121.08 

.2533 

1.1082 

120.92 

.2511 

1.0183 

120.77 

.2491 

120 

1.369 

122.83 

.2584 

1,2386 

122.68 

.2561 

1.1305 

122.53 

.2539 

1.0390 

122.38 

.2519 

130 

1.395 

124.43 

.2612 

1.2627 

124.29 

.2588 

1.1529 

124.14 

.2567 

1.0598 

124.00 

.2547 

140 

1.421 

126.05 

.2639 

1.2870 

125.91 

.2616 

1.1751 

125.77 

.2594 

1.0804 

125.63 

.2574 

150 

1.44B 

127.68 

.2666 

1.3110 

127.54 

.2643 

1.1974 

127.41 

.2621 

I.IOID 

127.27 

.2602 

100 

1.474 

129.33 

.2693 

1.3349 

129.20 

.2670 

1.2193 

129.06 

.2648 

1.1217 

128.93 

.2629 

170 

1.500 

130.99 

.2719 

1.3590 

130.86 

.2696 

1.2415 

130.73 

.2675 

1.1421 

130.60 

.2655 

IBO 

1.526 

132.67 

.2764 

1.3827 

132.54 

.2723 

1.2634 

132.41 

.2702 

1.1627 

132.28 

.2682 

19D 

1.552 

134.35 

.2772 

1.4065 

134.23 

.2749 

1.ZB53 

134.10 

.2728 

1.1829 

133.98 

.2708 

ZOO 

1.57B 

136.05 

.2798 

1.4301 

135.93 

.2775 

1.3D71 

135.81 

.2754 

1.2D31 

135.68 

.2734 

210 

1.604 

137.77 

.2824 

1.4539 

137.65 

.2801 

1.3290 

137.53 

.2780 

1.2234 

137.41 

.2760 

220 

1.630 

139.50 

.2849 

1.4774 

139.38 

.2827 

1.3509 

139.26 

.2805 

1.2437 

139.15 

.2786 

230 

1.655 

141.24 

.2875 

1.5011 

141.12 

.2852 

1.3726 

141.01 

.2831 

1.2639 

140.89 

.2812 

240 

1.681 

143.00 

.2900 

1.5246 

142.88 

.2877 

1.3943 

142.77 

.2856 

1.2841 

142.66 

.2837 

250 

1.707 

144.76 

.2925 

1.5481 

144.66 

.2902 

1.4159 

144.55 

.2882 

1.3041 

144.43 

.2862 

260 

1.732 

146.55 

.2950 

1.5716 

146.44 

.2927 

1.4375 

146.33 

.2907 

1.3240 

146.23 

.2887 

270 

1.758 

14B.35 

.2975 

1.5950 

148.25 

.2952 

1.4591 

148.14 

.2932 

1.3441 

148.04 

.2912 

2B0 

1.784 

150.18 

.3000 

1.6184 

150.07 

.2977 

1.48D6 

149.97 

.2956 

1.3641 

149.87 

.2937 

290 

I.BIQ 

152.01 

.3024 

1.6417 

151.91 

.3002 

1.5021 

151.81 

.2981 

1.3840 

151.71 

.2962 

300 

1.835 

153.85 

.3049 

1.6651 

153.75 

.3026 

1.5235 

153.65 

.3005 

1.4038 

153.55 

.2986 

310 

1.861 

155.70 

.3073 

1.6883 

155.61 

.3051 

1.5451 

155.51 

.3030 

1.4237 

155.41 

.3011 

320 

1.886 

157.58 

.3097 

1.7116 

157.48 

.3075 

1.5665 

157.39 

.3054 

1.4436 

157.29 

.3035 

330 







1.5879 

159.27 

.3078 

1.4634 

159.18 

.3059 


Presaure 70 psia 

1 Preaaure 75 psia 

Pressure 80 psia 

Pressure 90 psia 

Temp 

p 

Gage pressure 55.3 paig 

Gage 

preasure 60.3 paig 

Gage pressure 65.3 paig 

Gage pressure 75.3 psig 


(Sat temp 30.0 F) 

(Sat temp 33.8 F) 

(Sat temp 37.4 F) 

(Sat temp 44.2 F) 

t 

V 

h 

s 

11 

h 

a 

TJ 

h 

a 

■u 

A 

a 

(ri{ au() 

[JSIG] 

(108.13) 

(0.2235) 

(.7301) 

(108.31) 

(0.2231) 

(.6856) 

(108.86) 

{0.222/f) 

(.6109) 

(100.48) 

(0.2212) 

40 

.8023 

109.67 

.2268 

.7421 

109.47 

.2249 

.6904 

109.26 

.2232 




50 

.8224 

111.19 

.2298 

.7615 

111.00 

.2280 

.7087 

110.8U 

.2263 

.6207 

110.39 

.2230 

60 

.8424 

112.71 

.2328 

.7807 

112.52 

.2310 

.7269 

112.32 

.2293 

.6372 

111.92 

.2201 

70 

.8625 

114.27 

.2358 

.7995 

114.09 

.2340 

.7446 

113.90 

.2323 

.6535 

113.51 

.2291 

HD 

.HH23 

115.84 

.2387 

.8182 

115.67 

,2369 

.7625 

115.48 

.2352 

.6697 

115.12 

.2321 

90 

.9019 

117.43 

.2416 

.8368 

117.26 

.2398 

.7801 

117.09 

.2381 

.6853 

116.73 

.2350 

too 

.9216 

119.02 

.2444 

.8553 

118.86 

.2427 

.7978 

118.69 

.2410 

.7018 

118.35 

.2379 

110 

.9411 

120.61 

.2473 

.8739 

120.45 

.2455 

.8151 

120.29 

.2439 

.7175 

119.96 

.2408 

12D 

.9605 

121.23 

.2501 

.8923 

122.07 

.2483 

.8327 

121.91 

.2467 

.7334 

121.59 

.2436 

130 

.9800 

123.85 

.2529 

.9107 

123.70 

.2511 

.8500 

123.55 

.2495 

.7489 

123.23 

.2464 

140 

.9991 

125.48 

.2556 

.9289 

125.34 

.2539 

.8673 

125.19 

.2522 

.7645 

124.89 

.2492 

150 

1.0167 

127.12 

.2583 

.9470 

126.99 

.2566 

.8844 

126.84 

.2550 

.7800 

126.55 

.2520 

160 

1.0379 

128.79 

.2610 

.9650 

128.65 

.2593 

.9014 

128.51 

.2577 

.7954 

128.23 

.2547 

170 

1.0569 

130.47 

.2637 

.9831 

130.33 

.2620 

.9184 

130.19 

.2604 

.8108 

129.92 

.2574 

IBO 

1.0762 

132.15 

.2664 

1.0012 

132.02 

.2647 

.9356 

131.89 

.2630 

.8262 

131.62 

.2601 

190 

1.0951 

133.85 

.2690 

1.0188 

133.72 

.2673 

.9524 

133.59 

.2657 

.8411 

133.34 

.2627 

200 

1.1139 

135..56 

.2716 

1.0366 

135.44 

.2699 

.9689 

135.31 

.2683 

.8561 

135.06 

.2654 

210 

1.1330 

137.29 

.2742 

1.0544 

137.17 

.2725 

.9857 

137.04 

.2709 

.8711 

136.80 

.2680 

220 

1.1519 

139.03 

.2768 

1.0722 

138.91 

.2751 

1.0025 

138.79 

.2735 

.8863 

138.55 

.2706 

230 

1.1707 

140.78 

.2794 

1.0B9B 

140.66 

.2777 

1.D19Z 

140.54 

.2761 

.9013 

140.31 

.2732 

240 

1.1894 

142.54 

.2819 

1.1075 

142.43 

.2802 

1.0358 

142.32 

.2787 

.9163 

142.08 

.2757 

Z50 

1.2082 

144.32 

.2844 

1.1250 

144.21 

.2828 

1.D5Z4 

144.10 

.2812 

.9312 

143.87 

.2783 

260 

1.2268 

146.12 

.2870 

1.1426 

146.01 

.2853 

1.D69D 

145.90 

.2837 

.9460 

145.67 

.2808 

270 

1.2456 

147.93 

.2895 

1.160L 

147.82 

.2878 

1.DB54 

147.72 

.2862 

.9608 

147.50 

.2833 

2B0 

1.2642 

149.76 

.2919 

1.1776 

149.66 

.2903 

1.1019 

149.55 

.2887 

.9756 

149.34 

.2858 

290 

1.2829 

151.60 

.2944 

1.1949 

151,50 

.2927 

1.1183 

151.40 

.2912 

.9902 

151.19 

.2883 

300 

1.3013 

153.45 

.2969 

1.2122 

153.35 

.2952 

1.1343 

153.25 

.2936 

1.D04B 

153,05 

.2908 

310 

1.3198 

155.31 

.2993 

1.ZZQ6 

155.22 

.2976 

1.1507 

155.12 

.2961 

1.0194 

154.92 

.2932 

320 

1.3384 

157.20 

.3017 

1.2481 

157.10 

.3001 

1.1671 

157.00 

.2985 

1.0341 

156.81 

.2957 

330 

1.3569 

159.09 

.3041 

1.2655 

158.99 

.3025 

1.1834 

158.90 

.3009 

1.0487 

158.71 

.2981 

340 

1.3753 

160.99 

.3066 

1.2829 

160.90 

.3049 

1.1996 

160.80 

.3033 

1.0633 

160.62 

.3005 

350 










1.0779 

162.54 

.3029 


Table 21. F-22 (CHCIF 2 ) Monochlorodifluoromethane^ 
Properties of Superheated Vapor (Continued) 



PreBBurs 100 ] 

psia 1 

Pressure 110 psia I 

iPresBiire 120 

psia 1 

Pressure 130 psia 

Temp 

Gage prBBBure 85 

.3 psig 

Gage 

pressure 95.3 psig I 

Gage pressure 105.3 psig ! 

Gage pressure 115.3 psig 

F 

(Sat temp 50.4 F) | 

(Sat temp 56.1 F) | 

(Sst temp 61.5 F) j 

(Sat temp 66.5 F) 

1 

i; 

h 

s 

v 

h 

a 

D 

h 


V 

h 

s 

i/jl sat) 

{.Ootio) 

[110.OS) 

[0.S202) 

u>00o) 

[IIO.SO) 



[110.01) 

[0.21S5) 

[. 4228 ) 

[111.27) 

[0.2J7S) 

60 

.5651 

111.51 

.2232 

.5061 

111.10 

.2204 







70 

.5802 

113.11 

.2262 

.5202 

112.70 

.2235 

.4698 

112.28 

.2210 

.4272 

111.84 

.2187 

80 

.5953 

114.74 

.2292 

.5343 

114.35 

.2266 

.4833 

113.95 

.2241 

.4398 

113.53 

.2217 

90 

.6101 

116.37 

.2322 

.5480 

115.99 

.2296 

.4961 

115.60 

.2271 

.4520 

115.20 

.2248 

IDO 

.6249 

118.00 

.2351 

.5617 

117.64 

.2325 

.5089 

117.27 

.2301 

.4641 

116.88 

.2278 

UD 

.6394 

119.62 

.2380 

.5753 

119.27 

.2354 

.5215 

118.91 

.2330 

.4761 

118.54 

.2307 

120 

.6539 

121.26 

.2408 

.5886 

120.93 

.2383 

.5343 

120.58 

.2359 

.4879 

120.23 

.2337 

130 

.6682 

122.92 

.2437 

.6020 

122.59 

.2411 

.5466 

122.26 

.2388 

.4996 

121.92 

.2365 

140 

.6824 

124.58 

.2465 

.6151 

124.27 

.2440 

.5589 

123.94 

.2416 

.5112 

123.61 

.2394 

150 

.6965 

126.25 

.2492 

.6281 

125.94 

.2467 

.5711 

125.63 

.2444 

.5227 

125.31 

.2422 

160 

.7107 

127.94 

.2520 

.6412 

127.bA 

.2495 

.5832 

127.34 

.2472 

.5341 

127.03 

.2450 

170 

.7246 

129.64 

.2547 

.6541 

129.35 

.2522 

.5952 

129.06 

.2499 

.5454 

128.76 

.2478 

180 

.7386 

131.35 

.2574 

.6669 

131.07 

.2549 

.6072 

13D.79 

.2526 

.5566 

130.50 

.2505 

190 

.7523 

133.07 

.2601 

.6796 

132.80 

.2576 

.6190 

132,53 

.2553 

.5677 

132.25 

.2532 

200 

.7660 

134.80 

.2627 

.6922 

134.54 

.2603 

.6307 

134.27 

.2580 

.5786 

134.01 

.2559 

210 

.7796 

136.55 

.2654 

.7048 

136.29 

.2629 

.6424 

136.03 

.2607 

.5895 

135.77 

.2586 

220 

.7933 

138.30 

.2680 

.7174 

138.05 

.2655 

.6541 

137.80 

.2633 

.b005 

137.55 

.2612 

230 

.8071 

140.07 

.2706 

.7299 

139.82 

.2681 

.6657 

139.58 

.2659 

.6114 

139.33 

.2638 

240 

.8206 

141.85 

.2731 

.7424 

141.6L 

.2707 

.6772 

141.37 

.2bB5 

.6221 

141.13 

.2664 

250 

.8343 

143.64 

.2757 

.7550 

143.40 

.2733 

.6888 

143.17 

.2711 

.6330 

142.94 

.2690 

260 

.8477 

145.45 

.2782 

.7673 

145.22 

.2758 

.7003 

144,99 

.2736 

.6437 

144.76 

.2716 

270 

.8612 

147.28 

.2807 

.7796 

147.06 

.2784 

.7118 

146.84 

.2762 

.5543 

146.61 

.2741 

280 

.8746 

149.13 

.2832 

.7919 

148.91 

.2809 

.7231 

148.69 

.2787 

.6649 

)4H.B4 

.2766 

290 

.8879 

150.98 

.2857 

.8041 

150.77 

.2834 

.7344 

150.59 

.2812 

.6754 

150.34 

.2791 

300 

.9011 

152.84 

.2882 

.8162 

152.64 

.2858 

.7456 

152.43 

.2837 

.6859 

152.22 

.2816 

310 

.9144 

154.72 

.2906 

.8284 

154.52 

.2883 

.7569 

154.32 

.2861 

.6965 

154.12 

.2841 

320 

.9277 

156.62 

.2931 

.8406 

156.42 

.2907 

.7681 

156.22 

.2886 

.7069 

156.03 

.2866 

330 

.9410 

158.52 

.2955 

.8529 

158.33 

.2932 

.7793 

158.14 

.2910 

.7174 

157.94 

.2890 

340 

.9541 

160.43 

.2979 

.8650 

160.25 

.2956 

.7906 

160.06 

.2934 

.7277 

159.87 

.2914 

350 

.9674 

162.36 

.3003 

.8771 

162.18 

.2980 

.8018 

162.00 

.2959 

.7381 

161.81 

.2939 

300 

.9806 

164.31 

.3027 

.8891 

164.13 

.3004 

.8129 

163.95 

.2983 

.7485 

163.77 

.2963 

370 







.8240 

165.92 

.3007 

.7588 

165.74 

.2987 


Pressure 140 psia 

Pressure 150 psia 

Pressure 160 psia 

Pressure 180 psia 

^mp 

Gage pressure 125.3 psig 

Gage pressure 135.3 psig 

Gage pressure 145.3 psig 

Gage pressure 165.3 psig 


(Sat temp 71.3 F) 

(Sat temp 75.8 F) 

(Sat temp 80. 

1 F) 

(Sat temp 88.2 F) 

t 

7) 

h 


V 

h 

d 

D 

h 

y 

11 

h 

- 

(ul KflO 


[lil.GO) 

[0.2107) 

[.3G4S) 

[lit.SO) 

[0.2 IGO) 

[.3411 ) 

[112.0G) 

[0.21G2) 

[.S012) 

[112.GO) 

[0.2 ISS) 

80 

.4022 

113.08 

.2195 

.3695 

112.61 

.2173 







go 

.4141 

114.79 

.2226 

.3810 

114.35 

.2205 

.3518 

113.90 

.2184 

.3031 

112.93 

.2145 

100 

.4257 

116.48 

.2256 

.3922 

116.07 

.2235 

.3627 

115.64 

.2215 

.3135 

114.73 

.2177 

no 

.4369 

118.16 

.2286 

.4030 

117.77 

.2265 

.3733 

117.36 

.2246 

.3236 

116.51 

.2208 

120 

.4483 

119.86 

.2315 

.4139 

119.49 

.2296 

.3838 

119.10 

.2276 

.3331 

118.29 

.2239 

130 

.4593 

121.57 

.2344 

.4245 

121.21 

.2325 

.3939 

120.84 

.2306 

.3427 

120.07 

.22 69 

140 

.4704 

123.27 

.2373 

.4349 

122.93 

.2354 

.4039 

122.58 

.2335 

.3520 

121.85 

.2299 

150 

.4812 

124.99 

.2402 

.4453 

124.66 

.2382 

.4138 

124.33 

.2364 

.3611 

123.63 

.2329 

160 

.4921 

126.72 

.2430 

.4556 

126.40 

.2411 

.4236 

126.08 

.2392 

.3701 

125.41 

.2358 

170 

.5027 

128.46 

.2458 

.4657 

128.15 

.2439 

.4332 

127.84 

.2420 

.3791 

127.19 

.2386 

180 

.5132 

130.20 

.2485 

.4757 

129.91 

.2466 

.4429 

129.60 

.2448 

.3879 

128.98 

.2415 

190 

.5236 

131.96 

.2512 

.4856 

131.67 

.2494 

.4522 

131.38 

.2476 

.3966 

130.78 

.2443 

200 

.5340 

133.73 

.2539 

.4953 

133.45 

.2521 

.4615 

133.17 

.2503 

.4051 

132.59 

.2470 

210 

.5444 

135.50 

.2566 

.5051 

135.24 

.2548 

.4709 

134.96 

.2530 

.4137 

134.41 

.2498 

220 

.5546 

137.29 

.2593 

.5149 

137.03 

.2574 

.4801 

136.76 

.2557 

.4221 

136.23 

.2525 

230 

.5649 

139.08 

.2619 

.5245 

138.83 

.2601 

.4892 

138.57 

.2583 

.4303 

138.06 

.2551 

240 

.5749 

140.89 

.2645 

.5341 

140.64 

.2624 

.4983 

140.40 

.2610 

.4386 

139.90 

.2578 

250 

.5850 

142.70 

.2671 

.5436 

142.47 

.2653 

.5073 

142.33 

.2636 

.4468 

141.75 

.2604 

260 

.5951 

144.54 

.2697 

.5530 

144.31 

.2679 

.5162 

144.08 

.2662 

.4550 

143.61 

.2630 

270 

.6051 

146.39 

.2722 

.5625 

146.17 

.2704 

.5251 

145.94 

.2687 

.4630 

145.49 

.2656 

280 

.6150 

148.26 

.2747 

.5718 

148.D4 

.2730 

.5340 

147.82 

.2713 

.4711 

147.38 

.2682 

290 

.6248 

150.13 

.2773 

.5811 

149.92 

.2755 

.5428 

149.70 

.2738 

.4791 

149.27 

.2707 

300 

.6347 

152.02 

.2798 

.5903 

151.81 

.2780 

.5516 

151.60 

.2763 

.4870 

151.17 

.2732 

310 

.6446 

153.91 

.2822 

.5997 

153.71 

.2805 

.5604 

153.51 

.2788 

.4951 

153.09 

.2757 

320 

.6544 

155.83 

.2847 

.6090 

155.63 

.2829 

.5692 

155.43 

.2813 

.5029 

155.03 

.2782 

330 

.6641 

157.75 

.2871 

.6181 

157.56 

.2854 

.5777 

157.36 

.2838 

.5106 

156.97 

.2807 

340 

.6739 

159.68 

.2896 

.6278 

159.59 

.2878 

.5864 

159.31 

.2862 

.5184 

158.92 

.2832 

350 

.6835 

161,63 

.2920 

.6364 

161.45 

.2903 

.5950 

161.26 

.2886 

.5263 

160.89 

.2856 

360 

.6933 

163.59 

.2944 

.6454 

163.41 

.2927 

.6036 

163.23 

.2911 

.5340 

163.87 

.2881 

370 

.7029 

165.57 

.2968 

.6545 

165.39 

.2951 

.6121 

165.21 

.2935 

.5417 

164.87 

.2905 

380 

.7125 

167.56 

.2992 

.6635 

167.39 

.2975 

.6207 

167.22 

.2959 

.5493 

166.87 

.2929 

390 







.6292 

169.22 

.2982 

.5570 

168.87 

.2953 
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PART n. TABLES 


Table 21. F-2Z (CHClFi) MDnochlorDdifliiDrDinetliane— 
Properties of Superheated Vapor (Concluded) 



PreBBure 200 psla 

PreBBure 220 psia 

PreBBure 240 pBia 

PrcBBure 260 pala 

Temp 

Gage preBBurc 1B5.3 pBlg 

Gage prBBlure 205.3 paig | 

Gage preBBure 225.3 pBig 

Gage preBBure 245.3 pslg 

F 

(Sat temp p5.6 F) 

(Sat temp 102.5 F) 

(Sat temp IDB.9 F) 

(Sat temp 115.0 F) 

1 

D 

h 

B 

B 

h 

t 

0 

h 

B 

0 

h 

■ 

(al Hat) 

(MO) 

{nx.93) 

(0.2124) 

(.2426) 

(113.17) 

(0.2112) 

(.2202) 

(113.28) 

(0.2099) 

(.2013) 

(113.42) 

(0.20S4) 

lOD 

.2734 

113.75 

.2139 










110 

.2B2P 

115.61 

.2172 

.2498 

114.62 

.2138 

.2207 

113.51 

.2103 




120 

.2P22 

117.42 

.2204 

.2586 

116.49 

.2171 

.2305 

115.48 

.2137 

.2066 

114.45 

.2106 

13D 

.3013 

119.25 

.2236 

.2674 

118.37 

.2203 

.2388 

117.43 

.2171 

.2147 

116.47 

.2141 

140 

.3102 

121.06 

.2266 

.2759 

120.23 

.2235 

.2471 

119.36 

.2204 

.2227 

118.45 

.2174 

150 

.31BP 

122.89 

.2296 

.2843 

122.11 

.2265 

.2551 

121.29 

.2236 

.2303 

120.44 

.2207 

160 

.3274 

124.71 

.2326 

.2923 

123.96 

.2295 

.2629 

123.18 

.2266 

.2379 

122.36 

.2238 

170 

.335B 

126.52 

.2355 

.3004 

125.81 

.2325 

.2705 

125.06 

.2297 

.2454 

124.29 

.2270 

IBO 

.343P 

128.34 

.2384 

.3079 

127.66 

.2354 

.2779 

126.95 

.2327 

.2526 

126.22 

.2300 

IPO 

.3521 

130.17 

.2412 

.3155 

129.52 

.2383 

.2851 

128.85 

.2356 

.2596 

128.16 

.2330 

200 

.35PP 

132.00 

.2440 

.3229 

131.39 

.2411 

.2922 

130.76 

.2385 

.2663 

130.10 

.2359 

210 

.367P 

133.84 

.2467 

.3304 

133.25 

.2439 

.2992 

132.64 

.2413 

.2728 

132.01 

.2388 

220 

.3756 

135.68 

.2495 

.3377 

135.12 

.2467 

.3061 

134.53 

.2441 

.2793 

133.92 

.2416 

230 

.3B34 

137.53 

.2522 

.3450 

136.99 

.2494 

.3128 

136.42 

.2469 

.2857 

135.84 

.2444 

240 

.3P0P 

139.39 

.2548 

.3519 

138.87 

.2521 

.3196 

138.22 

.2496 

.2921 

137.76 

.2472 

250 

.3985 

141.25 

.2575 

.3590 

140,76 

.2548 

.3262 

140.24 

.2523 

.2984 

139.70 

.2499 

260 

.4060 

143.13 

.2601 

.3660 

142.64 

.2575 

.3326 

142.14 

.2550 

.3045 

141.62 

.2526 

270 

.4134 

145.02 

.2627 

.3729 

144.55 

.2601 

.3392 

144.06 

.2576 

.3107 

143.56 

.2553 

2B0 

.4209 

146.92 

.2653 

.3798 

146.46 

.2627 

.3456 

145.99 

.2603 

.3168 

145.51 

.2580 

2P0 

.42B1 

148.83 

.2679 

.3866 

148.38 

.2653 

.3520 

147.93 

.2629 

.3229 

147.46 

.2606 

300 

.4351 

150.75 

.2704 

.3933 

150.31 

.2678 

.3582 

149.87 

.2654 

.3287 

149.43 

.2632 

310 

.442B 

152.68 

.2729 

.4001 

152.25 

.2704 

.3645 

151.82 

.2680 

.3346 

151.39 

.2658 

320 

.4499 

154.62 

.2754 

.4067 

154.21 

.2729 

.3707 

153.79 

.2705 

.3404 

153.37 

.2683 

330 

.4572 

156.57 

.2779 

.4133 

156.17 

.2754 

.3769 

155.77 

.2731 

.3462 

155.36 

.2709 

340 

.4642 

158.54 

.2804 

.4199 

158.15 

.2779 

.3830 

157.75 

.2755 

.3520 

157.36 

.2734 

350 

.4713 

160.51 

.2829 

.4264 

160.13 

.2804 

.3892 

159.75 

.2780 

.3577 

159.36 

.2759 

360 

.47B4 

162.50 

.2853 

.4330 

162.13 

.2828 

.3952 

161.75 

.2805 

.3633 

161.38 

.2783 

370 

.4855 

164.50 

.2877 

.4394 

164.14 

.2852 

.4012 

163.77 

.2829 

.3690 

163.41 

.2808 

3BD 

.4924 

166.51 

.2902 

.4459 

166.16 

.2877 

.4072 

165.81 

.2854 

.3746 

165.46 

.2832 

3P0 

.4994 

168.53 

.2926 

.4524 

168.19 

.2901 

.4132 

167.85 

.2878 

.3802 

167.51 

.2857 

400 

.5064 

170.57 

.2949 

.4588 

170.24 

.2925 

.4192 

169.90 

.2902 

.3858 

169.57 

.2881 

410 




.4652 

172.31 

.2949 

.4251 

171.98 

.2926 

.3913 

171.66 

.2905 

420 










.3968 

173.77 

.2929 
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PART II. TABLES 


Table Z2. F-113 (CCI 2 F-CCI 2 F 2 ) TrichlorotrifluDrDethane—Properties of 
Liquid and Saturated Vapor 


Temp 

F 

PresBure. 

Liquid, 

BP vol 

Vapor, 

BP vol 

Enthalpy, datum —40 F 
Btu per lb 

Entropy, datum —40 F 
Btu per lb F 

t 

psia 

pBlg 

cu ft/lb 

’y 

cu ft/lb 

Vg 

Liquid 

hf 

Vapor 

hg 

Liquid 

«/ 

Vapor 

Bg 

-30 

0.29B7 

29.31* 

0.00947 

82.26 

1.97 

74.65 

0.0047 

0.1738 

-20 

.42HB 

29.05* 

.00953 

58.61 

3.96 

76.05 

.0092 

.1732 

-10 

.6046 

28.69* 

.00959 

42.4B 

5.96 

77.47 

.0137 

.1728 

0 

O.B377 

2B.21* 

0.00966 

31.31 

7.98 

78.B9 

0.0182 

0.1725 

z 

.8924 

28.10* 

.00967 

29.52 

8.38 

79.18 

.0190 

.1724 

4 

.9503 

27.99* 

.D096H 

27. B4 

B.7B 

79.46 

.0199 

.1724 

5t 

.9802 

27.92* 

.00969 

27.04 

8.98 

79.60 

.0203 

.1723 

6 

l.Oll 

27.B6* 

.00970 

26.27 

9.19 

79.75 

.0208 

.1723 

B 

1.075 

27.73* 

.00971 

24.81 

9.59 

80.03 

.0216 

.1723 

10 

1.14Z 

27.60* 

0.00972 

23.45 

10.00 

80.32 

0.0225 

0.1723 

IZ 

1.213 

27.45* 

.00974 

22.17 

10.41 

Bo.61 

.0234 

.1722 

14 

1.2BB 

27.30* 

.00975 

20.97 

10.B1 

BO. 89 

.0242 

.1722 

16 

1.366 

27.14* 

.00977 

19.84 

11.22 

81.18 

.0251 

.1722 

IB 

1.44B 

26.97+ 

.00978 

18.79 

11.62 

81.46 

.0259 

.1722 

20 

1.534 

26.80* 

0.00979 

17.81 

12.03 

81.75 

0.0268 

0.1722 

2Z 

1.624 

26.61* 

.O09B1 

16.89 

12.44 

B2.04 

.0276 

.1721 

24 

1.719 

26.42* 

.00982 

16.02 

12.B5 

82.33 

.DZB5 

.1721 

26 

I.BIB 

26.22* 

.00984 

15.20 

13.26 

82.62 

.0293 

.1722 

2H 

1.022 

26.01* 

.00985 

14.43 

13.67 

82.91 

.0302 

.1722 

30 

2.031 

25.79* 

0.00987 

13.71 

14.08 

B3.20 

0.0310 

0.1722 

32 

2.145 

25.55* 

.009BB 

13.03 

14.49 

83.49 

.D31B 

.1722 

34 

2.264 

25.31* 

.00990 

12.39 

14.91 

83.78 

.0327 

.1722 

36 

2.388 

25.06+ 

.00991 

11.79 

15.32 

84.07 

.0335 

.1722 

3B 

2.519 

24.79* 

.00993 

11.22 

15.74 

84.36 

.0343 

.1722 

40 

2.655 

24.52* 

0.00994 

10.68 

16.16 

84.65 

0.0352 

0.1723 

42 

2.797 

24.23* 

.00996 

10.18 

16.57 

84.94 

.0360 

.1723 

44 

2.944 

23.93* 

.00997 

9.703 

16.99 

85.24 

.0368 

.1723 

46 

3.09B 

23.61* 

.00999 

9.253 

17.41 

85.53 

.0377 

.1724 

4B 

3.258 

23.29* 

.01000 

8.830 

17.B2 

85.82 

.0385 

.1724 

50 

3.427 

22.94* 

0.01002 

8.426 

18.24 

86.11 

0.0393 

0.1725 

52 

3.602 

22.59* 

.01003 

8.044 

IB.66 

B6.40 

.0401 

.1726 

54 

3.7H4 

22.22* 

.01005 

7.682 

19.OB 

86.69 

.0410 

.1726 

56 

3.073 

21.83* 

.01006 

7.342 

19.50 

86.98 

.0418 

.1727 

SB 

4.170 

21.43* 

.01008 

7.01B 

19.93 

87.28 

.0426 

.1727 

60 

4.374 

21.02* 

0.01010 

6.713 

20.35 

87.57 

0.0434 

0.1728 

62 

4.586 

20.59* 

.01011 

6.424 

20.77 

87.86 

.0442 

.1729 

64 

4.B07 

20.14* 

.01013 

6.149 

21.19 

BB.15 

.0450 

.1729 

66 

5.036 

19.67* 

.01015 

5.889 

21.62 

88.45 

.0459 

.1730 

6B 

5.275 

19.18* 

.01016 

5.640 

22.05 

88.74 

.0467 

.1731 

70 

5.523 

IB.68* 

0.01018 

5.404 

22.4B 

89.04 

0.0475 

0.1731 

72 

5.780 

18.16* 

.01019 

5.180 

22.90 

89.33 

.0483 

.1732 

74 

6.042 

17.62* 

.01021 

4.971 

23.33 

89.62 

.0491 

.1733 

76 

6.320 

17.06* 

.01023 

4.769 

23.76 

B9.92 

.0499 

.1734 

7B 

6.607 

16.47* 

.01025 

4.574 

24.19 

90.21 

.0507 

.1735 

BD 

6.902 

IS.87* 

0.01026 

4.392 

24.63 

90.51 

0.0515 

0.1736 

B2 

7.20B 

15.25* 

.01028 

4.218 

25.06 

90. BO 

.0523 

.1737 

B4 

7.527 

14.60* 

.01030 

4.051 

25.49 

91.09 

.0531 

.1738 

B6| 

7.B56 

13.93+ 

.01031 

3.893 

25.93 

91.39 

.0539 

.1739 

BB 

B.194 

13.24* 

.01033 

3.742 

26.36 

91.68 

.0547 

.1740 

90 

B.545 

12.53* 

0.01035 

3.600 

26.80 

91.98 

0.0555 

0.1741 

02 

8.908 

11.79* 

.01037 

3.463 

27.24 

92.28 

.0563 

.1742 

94 

9.2B1 

11.03* 

.01039 

3.333 

27.67 

92.57 

.0571 

.1743 

96 

9.66B 

10.24* 

.01040 

3.208 

28.11 

92.86 

.057B 

.1744 

9B 

10.07 

9.42+ 

.01042 

3.089 

28.55 

93.15 

.05B6 

.1745 

100 

10.48 

8.59* 

0.01044 

2.976 

28.99 

93.45 

0.0594 

0.1746 

120 

15.40 

0.70 

.01063 

2.078 

33.48 

96.41 

.0673 

.1758 

140 

21.03 

7.23 

.01083 

1.491 

38.05 

99.36 

.0750 

.1773 

160 

30.44 

15.74 

.01105 

1.094 

42.74 

102.29 

.0827 

.1788 

IBO 

41.22 

26.52 

.01128 

0.8193 

47.53 

105.19 

.0903 

.1804 

200 

54.66 

39.96 

0.01153 

0.6241 

52.45 

108.07 

0.0978 

0.1821 


* IncheB of mcroury bcilow one atmosphere, 
t Staniiard cycle tempcraturBs. 



Table 23. F-113 (CClaP-CClzFa) TiichlorotrifluorDethane—Properties of 
Superheated Vapor 


■-■ 

PrBBBurs 1.0 pBia 

PrcBBure 2.0 psia 

ProBBUre 3.0 psia 

PreBBUrs 4.0 psia 

Temp 

Gage prBBBUre 27.BB in. vac 

Gage prBBBure 25.85 in. vac 

Gage pressure 23.81 in. vac 

Gage pressure 21.78 in. vac 

F 

(Sat temp 5.6 F) 

(Sat temp 29.4 F) 

(^at temp 44.7 F) | 

(Sat temp 56.3 F) 

t 

T) 

h 

E 

1) 

h 

a 

u 

h 

a 

V 

h 

8. 

[at sat) 

i^6\64) 

i7D.60) 

[p.i723) 

[is.di) 

(HS.IE) 

(0.1722) 

(9.637) 

(85.34) 

(0.1723) 

(7.297) 

(37.03) 

(0.1727) 

50 

29.10 

B6.20 

0.1857 

14.50 

86.16 

0.1783 

9.637 

86.12 

0.1739 




60 

29.67 

87.70 

.1886 

14.79 

87.66 

.1812 

9.831 

87.62 

.1769 

7.351 

87.58 

0.1738 

70 

30.25 

89.31 

.1915 

15.08 

89.17 

.1841 

10.02 

89.12 

.1707 

7.497 

89.10 

.1767 

BO 

30. B2 

90.73 

.1943 

15.37 

90.69 

.1869 

10.22 

90.66 

.1826 

7.642 

90.62 

.1795 

90 

31.39 

92.27 

.1972 

15.66 

92.23 

.1898 

10.41 

92.19 

.1854 

7.787 

92.15 

.1823 

100 

31.97 

93. B1 

0.2000 

15.95 

93.77 

0.1926 

10.60 

93.74 

0.1882 

7.932 

93.70 

0.1851 

110 

32.56 

95.37 

.2027 

16.24 

95.33 

.1953 

10.BD 

95.30 

.1910 

8.077 

95.26 

.1879 

120 

33.14 

96.94 

.2054 

16.53 

96.90 

.1980 

10.99 

96.87 

.1937 

B.Z22 

96.83 

.1906 

130 

33.71 

9B.52 

.2081 

16,82 

98.49 

.2007 

11.18 

98.46 

.1964 

8.367 

98.42 

.1933 

140 

34.2B 

100.11 

.2108 

17.11 

100.09 

.2034 

11.38 

100.05 

.1091 

8.522 

IDO.01 

.1960 

150 

34. B5 

101.72 

0.2135 

17.39 

101.69 

0.2061 

11.57 

101.65 

0.2017 

8.667 

101.62 

0.1986 

160 

35.42 

103.33 

.2161 

17.68 

103.31 

.2087 

11.76 

103.27 

.2044 

8.BIZ 

103.23 

.2003 

170 

35.99 

104.96 

.2187 

17.96 

104.93 

.2113 

11.95 

104.90 

.2070 

8.957 

104.86 

.2039 

IBD 

36.57 

106.60 

.2213 

17.25 

106.57 

.2139 

12.15 

106.54 

.2095 

9.102 

106.51 

.2065 

190 

37.15 

10B.25 

.2238 

18.54 

108.22 

.2164 

12.34 

108.19 

.2121 

9.247 

108.16 

.2091 

200 

37.73 

109.91 

0.2264 

18.83 

109.88 

0.2190 

12.53 

109.85 

D.Z147 

9.387 

1D9.BZ 

0.2116 

210 

3B.30 

111.59 

.2289 

19.12 

111.56 

.2215 

12.72 

111.53 

.2172 

9 532 

111.50 

.2141 

220 

38.BB 

113.2B 

.2314 

19.40 

113.24 

.2240 

12.92 

113.22 

.2197 

9.677 

113.19 

.2166 

230 

39.46 

114.97 

.2339 

19.69 

114.94 

.2265 

13.11 

114.92 

.2222 

9.822 

114.88 

.2191 

240 

40.03 

116.68 

.2363 

19.97 

116.65 

.2290 

13.30 

116.63 

.2246 

9.967 

116.59 

.2216 

Temp 

Pressure 6.0 psia 

Pressure 8.0 psia 

Pressure 10.0 psia 

Pressure 12 psia 

Gage preSBure 17.71 in. vac 

Gage pressure 13.64 in. vac 

Gage pressure 9.57 in. vac 

Gage pressure 5.50 in. vac 


(&at temp 73.7 F) 

(Sat temp 86.9 F) 

(Sat temp 97.6 F) 

(Sat temp LD6.B F) 

/ 

11 

h 

a 

V 

h 

a 

V 

h 

.V 

1) 

h 


(ri/ sal) 

[5.004) 

iii!).5S) 


(3.525) 

(lfi.02) 

(f).i730) 

(3.110) 

(93.11) 

iu.1746) 

(2.G24) 

(94-40) 

(0.1750) 

100 

5.260 

93.62 

0.1807 

3.924 

93.56 

0.1776 

3.124 

93.48 

0.1751 



0.1759 

no 

5.357 

95.18 

.1835 

3.999 

95.12 

.1804 

3.1B3 

95.04 

.1779 

2.640 

94.97 

120 

5.454 

96.76 

.1862 

4.073 

96.69 

.1831 

3.242 

96.62 

.1806 

2.689 

96.55 

.1786 

130 

5.551 

9B.35 

.1889 

4.147 

98.28 

.1858 

3.301 

98.21 

.1834 

2.738 

98.14 

.1813 

140 

5.649 

99.95 

.1916 

4.221 

99.88 

.1885 

3.361 

99.81 

.1860 

2.788 

99.73 

.1840 

150 

5.746 

101,56 

0.1943 

4.295 

101.48 

0.1912 

3.420 

101.41 

0.1887 

2.838 

101.34 

0.1867 

160 

5.B43 

103.17 

.1969 

4.369 

103.10 

.1938 

3.480 

103.03 

.1914 

2.888 

102.97 

.1894 

170 

5.940 

104,BO 

.1995 

4.442 

104.74 

.1964 

3.539 

104.66 

.1940 

2.938 

104.60 

.1920 

IBO 

6.037 

106.45 

.2021 

4.515 

106.38 

.1990 

3.599 

106.31 

.1966 

2.987 

106.25 

.1964 

190 

6.134 

lOB.lO 

.2047 

4.588 

108.04 

.2016 

3.658 

107.96 

.1991 

3.037 

107.90 

.1972 

200 

6.233 

109.77 

0.2072 

4.661 

109.71 

0.2041 

3.716 

109.63 

0.2017 

3.086 

109.57 

0.1997 

210 

6.330 

111.44 

.2097 

4.734 

111.38 

.2066 

3.774 

111.32 

.2042 

3.135 

111.Z6 

.2022 

220 

6.427 

113.13 

.2122 

4.807 

113.07 

.2091 

3.832 

113.01 

.2067 

3.184 

112.95 

.2047 

230 

6.525 

114.83 

.2147 

4.880 

114.77 

.2116 

3.891 

114.71 

.2092 

3,234 

114.65 

.2072 

240 

6.622 

116.54 

.2172 

4.952 

116.48 

.2141 

3.950 

116.42 

.2117 

3.283 

116.36 

.2097 

250 

6.719 

118.26 

0.2197 

5.024 

118.20 

0.2166 

4.010 

118.14 

0.2141 

3.332 

118.08 

0.2121 

260 

6.B16 

119.99 

.2221 

5.096 

119.93 

.2190 

4.068 

119.87 

.2166 

3.382 

119.81 

.2146 

270 

6.913 

121.73 

.2245 

5.168 

121.67 

.2214 

4.126 

121.61 

.2190 

3.431 

121.55 

.2170 

2 BO 

7.011 

123.4B 

.2269 

5.240 

123.42 

.2238 

4.185 

123.37 

.2214 

3.479 

123.31 

.2194 

290 

7.108 

125.25 

.2293 

5.313 

125.19 

.2261 

4.243 

125.15 

.2237 

3.528 

125.09 

.2218 

Temp 

jT 

Pressure 20 psia 

Pressure 30 psia 

Pressure 40 psia 

Pressure 50 psia 

Gage pressure 35.3 psig 

Gage pressure 5.3 psig 

Gage pressure 15.3 psig 

Gage pressure 25.3 psig 


(Sat temp 134.6 F) 

(Sat temp 159.1 F) 

(Sat temp 177.9 F) 

(Sat temp 193.5 F) 

1 

Tl 

h 

8 

T 

h 

a 

V 

h 


V 

h 

s 

(Mf sal) 

U.626) 

{0H.5U) 

[oAim 

U.J03) 

U02.16) (0.1787) 

(0.H435) 

(104.90) 

(0.1302) 

(0.6309) 

(107.14) (0.1816) 

200 

1.827 

109.32 

0.1940 

1.194 

108.97 

0.1894 

0.8791 

108.62 

0.1860 

0.6899 

108.27 

0.1833 

210 

1.B57 

111.01 

.1966 

1.215 

110.67 

.1919 

.8953 

110.32 

.1885 

.7031 

109.97 

.1858 

220 

1.BB7 

112.70 

.1991 

1.236 

112.37 

.1945 

.9114 

112.03 

.1911 

.7163 

111.69 

.1884 

230 

1.917 

114.40 

.2016 

1.257 

114.08 

.1970 

.9274 

113.74 

.1936 

.7296 

113.41 

.1909 

240 

1.947 

116.12 

.2041 

1.278 

115.80 

.1995 

.9435 

115.47 

.1951 

.7430 

115.14 

.1934 

250 

1.977 

117.84 

0.2065 

1.299 

117.53 

0.2019 

0.9596 

117.21 

0.1986 

0.7562 

116.90 

0.1959 

260 

2.007 

119.58 

.2090 

1.320 

119.28 

.2044 

.9756 

118.97 

.2010 

.7693 

118.67 

.1984 

270 

2.037 

121.33 

.2114 

1.341 

121.03 

.2068 

0.9915 

120.74 

.2035 

.7821 

120.45 

.2008 

2 BO 

2.06B 

123.09 

.2138 

1.362 

122.80 

.2092 

l.DOB 

122.52 

.2059 

.7950 

122.23 

.2033 

290 

Z.09B 

124.87 

.2162 

1.382 

124.59 

.2116 

1.023 

124.31 

.2083 

.8079 

124.03 

.2057 

300 

Z.12B 

126.67 

0.2185 

1.402 

126.39 

0.2140 

1.038 

126.12 

0.2107 

0.8207 

125.84 

O.20B1 

310 

2.158 

128.47 

.2209 

1.422 

128.20 

.2163 

1.D54 

127.94 

.2131 

.8335 

127.66 

.2104 

320 

2.1H7 

130.28 

.2232 

1.442 

130.02 

.2187 

1.070 

129.76 

.2154 

.8463 

129.48 

.2128 

330 

2.217 

132.10 

.2255 

1.46Z 

131.85 

.2210 

1.085 

131.59 

.2178 

.8591 

131.31 

.2152 

340 

2.247 

133.94 

.2278 

1.483 

133.69 

.2233 

1.101 

133.44 

.2201 

.8716 

133,16 

.2175 

350 

2.277 

135.78 

O.2301 

1.503 

135.54 

0.2256 

1.117 

135.29 

0.2224 

0.8844 

135.02 

0.219B 

360 

2.308 

137.64 

.2324 

1.524 

137.40 

.2279 

1.133 

137.16 

.2247 

.8973 

136.89 

.2221 

370 

2.33B 

139.50 

.2347 

1.545 

139.27 

.2302 

1.148 

139.03 

.2269 

.9101 

138.77 

.2244 

3B0 

2.368 

141.38 

.2369 

1.565 

141.15 

.2324 

1.164 

140.91 

.2292 

.9228 

140.67 

.2266 

390 

2.39B 

143.27 

.2392 

1.585 

143.05 

.2347 

1.179 

142.81 

.2314 

.9354 

142,57 

.2289 


I mi 
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Table 24. F-114 (CCIF 2 -CCIF 2 ) DiehlDrotetrafluoroethane—Properties of 
Liquid and Saturated Vapor 


Temp 

F 

Pressure 

Liquid, 

density 

if 

Enthalpy, datum —40 F 
Btu per lb 

Entropy, datum —40 F 
Btu per lb F 

t 

psia 

psig 

Ib/cu ft 
1/V 

cu ft/lb 

Liquid 

Vapor 

hg 

Liquid 

Vapor 

ag 

-BO 

0.464 

2B.97* 

105.603 

51.26 

-8.73 

60.44 

-0.0227 

0.1595 

-7B 

.50 

2B.90* 

105.398 

49.83 

-B.3D 

60.71 

- .0215 

.1593 

-76 

.535 

2B.B5* 

105.193 

44.87 

-7.87 

60.9B 

- .0203 

.1592 

-74 

.58 

28.73* 

105.058 

41.69 

-7.44 

61.25 

- .0191 

.1590 

-72 

.62 

28.66* 

104.924 

38.92 

-7 01 

61.52 

- .0179 

.1589 

-70 

0.670 

ZB.59* 

104.790 

36.40 

-6.57 

61.79 

-0.0167 

0.1587 

-6B 

.72 

28.46* 

104.624 

34.20 

-6.14 

62.06 

- .0155 

.1586 

-66 

.775 

28.33* 

104.458 

31.74 

-5.71 

62.33 

- .0143 

.1585 

-64 

.833 

28.23* 

104.292 

29.77 

-5.2B 

62.60 

- .0132 

.1583 

-62 

.895 

2B.10* 

104.126 

27.79 

-4.84 

62. BB 

- .0121 

.1582 

-60 

0.959 

27.99* 

103.960 

26.06 

-4.40 

63.16 

-0.0110 

0.1580 

-SB 

1.02B 

27.B3* 

103.792 

24.55 

-3.96 

63.43 

- .0098 

.1579 

-56 

1.10 

27.68* 

103.622 

22.94 

-3.52 

63.70 

- .0087 

.157B 

-54 

1.175 

27.52* 

103.452 

21.50 

-3.OB 

63.97 

- .0075 

.1577 

-52 

1.26 

27.35* 

103.282 

20.16 

-2.64 

64.25 

- .0064 

.1576 

-50 

1.349 

27.20* 

103.113 

IB.96 

-2.20 

64.53 

-0.0054 

0.1575 

-4B 

1.43B 

27.0+ 

102.938 

17.85 

-1.76 

64.80 

- .0043 

.1574 

-46 

1.535 

26. B* 

102.766 

16.80 

-1.32 

65.07 

- .00.^2 

.1573 

-44 

1.635 

26.6* 

102.594 

15.75 

-0.88 

65.35 

- .0021 

.1572 

-42 

1.745 

26.4* 

102.422 

14.87 

-0.44 

65.63 

- .0010 

.1571 

-40 

1.B66 

26.12* 

102.25 

14.02 

0.00 

65.91 

O.OOOO 

0.1571 

-3B 

1.990 

25.B7* 

102.08 

13.20 

0.45 

66.19 ! 

.DDll 

.1570 

-36 

2.121 

25.60* 

101.90 

12.44 

0.91 

66.47 

.0021 

.1569 

-34 

2.259 

25.32* 

101.72 

11.73 

1.36 

66.74 

.0032 

.1568 

-32 

2.404 

25.03* 

101.55 

11.07 

l.Bl 

67.02 

.0042 

.1567 

-30 

2.557 

24.72* 

101.37 

10.45 

2.27 

67.30 

0.0053 

0.1567 

-28 

2.718 

24.39* 

101.19 

9.B77 

2.72 

67.58 

.0063 

.1507 

-26 

2.887 

24.04* 

101.01 

9.338 

3.17 

67.86 

.0074 

.1566 

-24 

3.064 

23.68* 

100.B3 

8.833 

3.63 

68.14 

.0084 

.1565 

-22 

3.249 

23.31* 

100.65 

8.362 

4.OB 

6B.42 

.0095 

.1565 

-20 

3.444 

22.91* 

100.47 

7.921 

4.54 

6B.70 

0.0105 

0.1565 

-IB 

3.64B 

22.49* 

100.29 

7.508 

4.99 

6B.9B 

.0116 

.1565 

-16 

3.862 

22.06* 1 

100.11 

7.121 

5.44 

69.26 

.0126 

.1564 

-14 

4.0B5 

21.61* 

99.92 

6.757 

5.90 

69.54 

.0136 

.1564 

-12 

4.319 

21.13* 

99.74 

6.416 

6.35 

69.82 

.0146 

.1564 

-10 

4.564 

20.63* 

99.56 

6.095 

6.81 

70.10 

0.0157 

0.1564 

- 8 

4.819 

20.11* 

99.37 

5.794 

7.26 

70.38 

.0167 

.1564 

- 6 

5.0B6 

19.57* 

99.19 

5.510 

7.72 

70.66 

.0177 

.1564 

- 4 

5.365 

19.00* 

99.00 

5.244 

B.IB 

70.94 

.0187 

.1564 

- 2 

5.655 

18.41* 

9B.B1 

4.992 

8.63 

71.22 

.0197 

.1565 

0 

5.95B 

17.79* 

98.62 

4.756 

9.09 

71.50 

0.0207 

0.1565 

z 

6.274 

17.15* 

98.44 

4.533 

9.54 

71.78 

.0217 

.1565 

4 

6.603 

16.48* 

98.25 

4.322 

10.00 

72.07 

.0227 

.1565 

St 

6.772 

16.14* 

9B.15 

4.221 

10.23 

72.21 

.0232 

.1565 

6 

6.945 

15.78* 

9B.06 

4.123 

10.46 

72.35 

.0236 

.1566 

8 

7.301 

15.06* 

97.87 

3.935 

10.91 

72.63 

.0246 

.1566 

10 

7.671 

14.31* 

97.68 

3.758 

11.37 

72.91 

0.0256 

0.1566 

12 

8.057 

13.52* 

97.48 

3.591 

11.83 

73.19 

.0266 

.1567 

14 

8.457 

12.71* 

97.29 

3.432 

12.29 

73.47 

.0275 

.1567 

16 

B.B73 

11.86* 

97.10 

3.282 

12.75 

73.75 

.0285 

.1568 

18 

9.305 

10.9B* 

96.90 

3.140 

13.20 

74.04 

.0295 

.1568 

20 

9.753 

10.07* 

96.71 

3.005 

13.66 

74.32 

0.0304 

0.1569 

22 

10.22 

9.12* 

96.51 

2.877 

14.12 

74.60 

.0314 

.1569 

24 

10.70 

B.14* 

96.32 

2.756 

14.5B 

74. BB 

.0323 

.1570 

26 

11.20 

7.12* 

96.12 

2.641 

15.05 

75.17 

.0333 

.1571 

28 

11.72 

6.07* 

95.92 

2.532 

15.51 

75.45 

.0342 

.1571 


* InchoB of moTcury below one atmosphere, 
t Standard ton temperatuTBS. 
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Table 24. F-114 (CCIF 2 -CCIF 2 ) DichlorotetrafluorDethane—Properties of 
Liquid and Saturated Vapor (Concluded) 


Temp 

F 

PresHure 

Lliluid, 

density 

Vapor, 1 

■p vol 1 

Enthalpy, datum —40 F ! 
Btu per lb | 

Entropy, datum — 40 F 
Btu per lb F 

1 

pala 

PBiK 

Ib/cu ft 

J/i)/ 

cu ft/lb 

Vf, 

Liquid 

hf 

Vapor 

hv 

Liquid 

V 

Vapor 

Sg 

30 

12.25 

4.99* 

95.73 

2.429 

15.97 

75.73 

0.0352 

0.1572 

3Z 

1Z.81 

3.85* 

95.53 

2.330 

16.43 

76.01 

.0361 

.1573 

34 

13.38 

2.69* 

95.33 

2.236 

16.89 

76.29 

.0370 

.1574 

36 

13.98 

1.47* 

95.13 

2.147 

17.36 

76.58 

.0380 

.1575 

38 

14.59 

0.22* 

94.93 

2.062 

17.82 

76.86 

.0389 

.1575 

40 

15.22 

0.52 

94.73 

1.982 

18.28 

77.14 

0.0308 

0.1576 

42 

15.88 

1.18 

94.52 

1.905 

18.75 

77.42 

.0408 

.1577 

44 

16.56 

1.86 

94.32 

1.832 

19.21 

77.70 

.0417 

.1578 

46 

17.26 

2.56 

94.12 

1.762 

10.68 

77.99 

.0426 

.1570 

48 

17.98 

3.28 

93.91 

1.695 

20.14 

IS.27 

.0435 

.1580 

50 

18.73 

4.03 

93.71 

1.632 

20.61 

78.55 

0.0444 

0.1581 

5z 

19.50 

4.80 

93.50 

1.571 

21.08 

78.83 

.0453 

.1582 

54 

20.29 

5.50 

93.30 

1.513 

21.54 

70.11 

.0463 

.1583 

56 

21.11 

6.41 

93.00 

1.458 

22.01 

70.39 

.0472 

.1584 

58 

21.96 

7.26 

92.88 

1.405 

22.48 

79.67 

.0481 

.1585 

60 

22.83 

8.13 

92.68 

1.354 

22.95 

79.05 

0.0400 

0.1587 

6Z 

23.72 

9.D2 

02.47 

1.306 

23.42 

80.23 

.0499 

.1588 

64 

24.64 

9.94 

02.26 

1.260 

23.89 

80.51 

.0508 

.1580 

66 

25.59 

10.89 

92.05 

1.216 

24.36 

80.79 

.0517 

. 1500 

68 

26.57 

11.87 

91.84 

1.174 

24.83 

81.07 

.0526 

.1501 

70 

27.57 

12.87 

91.63 

1.133 

25.30 

81.35 

D.D534 

0.1593 

7Z 

28.61 

13.91 

91.41 

1.094 

25.78 

81.62 

.0543 

.1594 

74 

20.67 

14.07 

91.20 

1.057 

26.25 

81.90 

.0552 

.1505 

76 

30.76 

16.06 

90.09 

1.021 

26.73 

82.18 

.0561 

.1596 

78 

31.88 

17.18 

90.77 

0.9869 

27.20 

82.46 

.0570 

.1507 

80 

33.04 

18.34 

90.56 

0.9541 

27.68 

WZ.ll 

0.0579 

0.1500 

82 

34.22 

19.52 

90.34 

.9226 

28.15 

83.01 

.0587 

.1600 

84 

35.44 

20.74 

90.13 

.8923 

28.63 

83.29 

.0596 

.1601 

86t 

36.69 

21.99 

89.91 

.8632 

29.11 

83.56 

.0605 

.1603 

88 

37.07 

23.27 

89.69 

.8353 

29.58 

83.84 

.0613 

.1604 

90 

39.29 

24.59 

80.47 

0.8084 

30.06 

84.11 

0.0622 

0.1605 

92 

40.64 

25.94 

89.25 

.7827 

30.54 

84.39 

.0631 

.1607 

94 

42.02 

27.32 

89.03 

.7570 

31.02 

84.66 

.0630 

.1608 

96 

43.44 

28.74 

88.81 

.7340 

31.50 

84.93 

.0648 

.1600 

98 

44.89 

30.19 

88.59 

.7111 

31.99 

85.21 

.0656 

.1611 

100 

46.39 

31.69 

88.37 

0.6890 

32.47 

85.48 

0.0665 

0.1612 

IDZ 

47.92 

33.22 

88.15 

,6677 

32.95 

85.75 

.0674 

.1614 

104 

49.48 

34.78 

87.93 

.6472 

33.43 

86.02 

.0682 

.1615 

106 

51 .09 

36.39 

87.70 

.6274 

33.92 

86.29 

.0601 

.1617 

108 

52.73 

38.03 

87.48 

.6084 

34.40 

86.56 

.0699 

.1618 

110 

54.41 

39.71 

87.25 

0.5901 

34.89 

86.83 

D.D70B 

0.1619 

IIZ 

56.14 

41.44 

87.01 

.5724 

35.38 

87.09 

.0716 

.1621 

114 

57.90 

43.20 

86.77 

.5554 

35.87 

87.36 

.0725 

.1622 

116 

59.70 

45.00 

86.54 

.5389 

36.35 

87.63 

.0733 

.1624 

118 

61.55 

46.85 

86.31 

.5230 

36.84 

87.89 

.0741 

.1625 

120 

63.44 

48.74 

86.08 

0.5077 

37.33 

88,16 

0.0750 

0.1627 

122 

65.37 

50.67 

85.85 

.4929 

37.83 

88.42 

.0758 

.1628 

124 

67.35 

52.65 

85.61 

.4787 

38.32 

88.60 

.0767 

.1630 

126 

69.37 

54.67 

85.37 

.4649 

38.81 

88.05 

.0775 

.1631 

128 

71.43 

56.73 

85.13 

.4515 

39.31 

80.21 

.0783 

.1633 

130 

73.54 

58.84 

84.89 

0.4387 

39.80 

80.47 

0.0792 

0.1634 

132 

75.69 

60.99 

84.65 

.4262 

40.30 

80.73 

.0800 

.1635 

134 

77.00 

63.20 

84.41 

.4142 

40.80 

80.99 

.0808 

.1637 

136 

80.15 

65.45 

84.16 

.4025 

41.20 

90.25 

.0816 

.1638 

138 

82.44 

67.74 

83.91 

.3912 

41.79 

90.51 

.0825 

.1640 

140 

84.79 

70.00 

83.66 

0.3803 

42.29 

90.76 

0.0833 

0.1641 


* InrlipB nf mornviry biUow oni; alninBphcrB. 
t Sluniinril ton tRiiiperalurea. 
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Table 25. F-114 (CCIF 2 -CCIF 2 ) DichlorotetrafiuoroethBne^PropertieB of Superheated Vapor 


Temp 

F 

PreBBure 1.5 psia 

Gage pressure 26.87 in. vac 
(Sat temp -46.6 F) 

Pressure 2.0 paia 

Gage pressure 25.85 in. vac 
(Sat temp -37.8 F) 

Pressure 2.5 psia 

Gage pressure 24.83 in. vac 
(Sat temp —30.7 F) 

Pressure 3.0 psia 

Gage pressure 23.81 in. vac 
(Sat temp -24.7 F) 

t 

V 

h 

B 

V 

h 


V 

h 

s 

r 

h 

a 

[lit 

[17.18) 

[uri.oo) 

[0.1575) 

(13.14) 

[GU.Sl) 

10.157':?) 

[lO.GS) 

[G7.20) 

[0.1567) 

[.9.011) 

[GS.04) 

[0.1566) 

- 40 

17.46 

65.93 

0.1596 

— 

— 

— 

— 

— 

— 

— 

— 

— 

-30 

17.89 

67.35 

.1630 

13.39 

67.33 

0.1596 

10.70 

67.30 

0.1570 

— 

— 

— 

-20 

18.31 

68.78 

.1663 

13.71 

68.76 

.1629 

10.95 

68.74 

.1603 

9.108 

68.72 

O.lSBl 

-10 

18.73 

70.23 

.1695 

14.03 

70.21 

.1662 

11.20 

70.18 

.1635 

9.230 

70.16 

.1614 

0 

19.15 

71.69 

0.1727 

14.34 

71.67 

0.1694 

11.46 

71.64 

0.1667 

9.532 

71.62 

0.1646 

ID 

1 19.57 

73.16 

.1759 

14.66 

73.14 

.1725 

11.71 

73.12 

.1699 

9.744 

73.10 

.1678 

20 

19.99 

74.65 

.1790 

14.98 

74.63 

.1757 

11.96 

74.61 

.1741 

9.956 

74.59 

.1709 

30 

20.42 

76.15 

.1821 

15.29 

76.13 

.1788 

12.22 

76.11 

.1762 

10.17 

76.09 

.1740 

40 

20.84 

77.66 

.1852 

15.61 

77.65 

.1818 

12.47 

77.63 

.1792 

10.38 

77.61 

.1771 

50 

21.26 

79.19 

D.1BB2 

15.92 

79.18 

0.1849 

12.73 

79.16 

0.1823 

10.59 

79.14 

D.lBDl 

00 

21.68 

80.73 

.1912 

16.24 

80.72 

.1879 

12.98 

80.70 

.1853 

10.80 

80.68 

.1831 

70 

22.10 

82.29 

.1942 

16.56 

82.28 

.1908 

13.23 

82.26 

.1882 

11.01 

82.24 

.1861 

BO 

22.52 

83.86 

.1971 

16.87 

83. B5 

.1938 

13.49 

83.83 

.1912 

11.23 

83.81 

.1890 

PO 

22.94 

85.45 

.2000 

17.19 

85.43 

.1967 

13.74 

85.42 

.1941 

11.44 

85.40 

.1919 

100 

23.36 

87.05 

0.2029 

17.51 

87.03 

0.1996 

13.99 

87.02 

D.197D 

11.65 

87.00 

0.1948 

110 

23.78 

88.66 

.2058 

17.82 

88.64 

.2024 

14.25 

88.63 

.1998 

11.86 

88.61 

.1977 

120 

24.20 

90.29 

.2086 

18.14 

90.27 

.2053 

14.50 

90.26 

.2026 

12.07 

90.24 

.2005 

130 

24.62 

91.93 

.2114 

18.45 

91.91 

.2081 

14.75 

91.90 

.2054 

12.28 

91.88 

.2033 

140 

25.04 

93.58 

.2142 

18.77 

93.57 

.2108 

15.00 

93.55 

.2082 

12.49 

93.54 

.2061 

150 

25.46 

95.25 

0.2170 

19.08 

95.23 

0.2136 

15.26 

95.22 

0.2110 

12.70 

95.21 

D.Z0B9 

160 

25.88 

96.93 

.2197 

19.40 

96.91 

.2163 

15.51 

96.90 

.2137 

12.92 

96.89 

.2116 

170 

26.30 

98.62 

.2224 

19.71 

98.61 

.2190 

15.76 

98.60 

.2154 

13.13 

98.58 

.2143 

ISO 

26.72 

100.33 

.2251 

20.03 

100.32 

.2217 

16.01 

100.31 

.2191 

13.34 

IDO.29 

.2170 

190 

27.14 

102.06 

.2278 

20.35 

102.04 

.2244 

16.27 

102.03 

.2218 

13.55 

102.02 

.2197 

200 

27.56 

103.79 

0.2304 

20.66 

103.78 

0.2271 

16.52 

103.77 

0.2245 

13.76 

103.76 

D.2Z23 

210 

27.98 

105.54 

.2331 

20.98 

105.53 

.2297 

16.77 

105.52 

.2271 

13.97 

105.51 

.2250 

220 

28.40 

107.31 

.2357 

21.29 

107.30 

.2323 

17.02 

107.28 

.2297 

14.18 

107.27 

.2276 

230 

28.82 

109.09 

.2383 

21.61 

109.08 

.2349 

17.28 

109.06 

.2323 

14.39 

109.05 

.2302 

240 

29.24 

110.88 

.2409 

21.92 

110.87 

.2375 

17.53 

110.86 

.2349 

14.60 

110.84 

.2328 

250 

260 

270 

29.66 

112.09 

0.2434 

22.24 

22.55 

112.67 

114.49 

0.2401 

0.2426 

17.78 

18.03 

112.56 

114.48 

D.2375 

0.2400 

14.81 

15.02 

15.23 

112.65 

114.67 

116.31 

0.2353 

.2379 

0.2404 

Temp 

F 

Pressure 3.5 psia 

Pressure 4.0 psia 

pressure 4.5 psia 

Pressure 5.0 psia 

Gage pressure 22.80 In. vac 

Gage pressure 21.78 in. vac 

Gage pressure 20.76 in. vac 

Gage pressure 19.74 in. vac 


(Sat temp —19.5 F) 

(Sat temp -14.8 F) 

(Sal temp —10.5 F) 

(Sat temp —6.6 F) 

t 


h 


V 

h 

A 

V 

h 

A 

V 

h 

A 

[at ant) 

[7.SOU) 

[Git.77) 

[0.1505) 

[U.S.OS) 

[U0.43) 

[0.15()5) 

(G.I77) 

[70.02) 

{0.1664) 

[6.GUI) 

[70.57] 

[0.1564) 

-10 

7.976 

70.14 

0.1596 

6.967 

70.12 

0.1580 

6.183 

70.10 

0.1556 

— 

— 

— 

0 

8.158 

71.60 

0.1628 

7.127 

71.58 

0.1612 

6.326 

71.56 

0.1598 

5.684 

71.54 

0.1585 

10 

8.340 

73.08 

.1660 

7.287 

73.06 

.1644 

6.468 

73.04 

.1630 

5.813 

73.02 

.1617 

20 

8.522 

74.57 

.1691 

7.446 

74.55 

.1675 

6.610 

74.53 

.1661 

5.941 

74.51 

.1649 

30 

8.704 

76.07 

.1722 

7.606 

76.05 

.1706 

6.752 

76.04 

.1692 

6.069 

76.02 

.1680 

40 

8.886 

77.59 

.1753 

7.765 

77.57 

.1737 

6.894 

77.56 

.1723 

6.197 

77.54 

.1711 

50 

9.068 

79.12 

0.1783 

7.925 

79.10 

0.1767 

7.036 

79.09 

0.1753 

6.325 

79. D7 

0.1741 

60 

9.250 

80.67 

.1813 

8.085 

80.65 

.1797 

7.178 

80.63 

.1783 

6.453 

80.61 

.1771 

70 

9.431 

82.23 

.1843 

B.244 

82.21 

.1827 

7.320 

82.19 

.1813 

6.581 

82.17 

.1801 

80 

9.613 

83.80 

.1872 

8.403 

83.78 

.1856 

7.462 

83.76 

.1843 

6.709 

83.75 

.1830 

90 

9.795 

85.38 

.1901 

8.562 

85.37 

.1885 

7.604 

85.35 

.1872 

6.837 

85.33 

.1859 

100 

9.976 

86.98 

0.1930 

8.721 

86.97 

0.1914 

7.745 

86.95 

D.1901 

6.964 

86.93 

O.IBBB 

110 

10.16 

88.60 

.1959 

B.BBO 

88.58 

.1943 

7.887 

88.57 

.1929 

7.092 

88.55 

.1917 

120 

10.34 

90.23 

.1987 

9.039 

90.21 

.1971 

8.028 

90.20 

.1957 

7.219 

90.19 

.1945 

130 

10.52 

91.87 

.2015 

9.198 

91.85 

.1999 

8.170 

91.84 

.1985 

7.346 

91. BZ 

.1973 

140 

10.70 

93.52 

.2043 

9.356 

93.51 

.2027 

8.311 

93.49 

.2013 

7.474 

93.48 

.2001 

150 

10.88 

95.19 

0.2071 

9.515 

95.18 

0.2055 

8.452 

95.16 

0.ZD41 

7.601 

95.15 

0.2029 

160 

11.06 

96.87 

.2098 

9.673 

96.86 

.2082 

8.593 

96.84 

.2068 

7.728 

96.83 

.2056 

170 

11.24 

98.57 

.2125 

9.832 

98.56 

.2109 

8.734 

98.54 

.2096 

7.855 

98.53 

.2083 

180 

11.43 

100.28 

.2152 

9.990 

100.27 

.2136 

8.875 

100.25 

.2123 

7.983 

100.24 

.2110 

190 

11.61 

102.00 

.2179 

10.15 

101.99 

.2163 

9.015 

101.98 

.2149 

8. no 

101.96 

.2137 

200 

11.79 

103.74 

D.2205 

10.31 

103.73 

0.2190 

9.156 

103.72 

0.2176 

8.236 

103.70 

0.2163 

210 

11.97 

105.49 

.2232 

10.47 

105.48 

.2216 

9.297 

105.47 

.2202 

8.363 

105.46 

.2190 

220 

12.15 

107.26 

.2258 

10.62 

107.25 

.2242 

9.438 

107.24 

.2228 

8.490 

107.22 

.2216 

230 

12.33 

109.04 

.2284 

ID.78 

109.03 

.2268 

9.579 

109.02 

.2254 

8.617 

109.00 

.2242 

240 

12.51 

110.83 

.2310 

10.94 

110.82 

.2294 

9.720 

110.81 

.2280 

8.744 

110.80 

.2268 

250 

12.69 

112.64 

0.2335 

11.10 

112.63 

0.Z3ZD 

9.861 

112.62 

0.2306 

B.B71 

112.61 

0.2294 

260 

12.87 

114.46 

.2361 

11.26 

114.45 

.2345 

10.00 

114.44 

.2331 

8.998 

114.43 

.2319 

270 

13.05 

116.30 

.2386 

11.42 

116.28 

.2371 

10.14 

116.27 

.2357 

9.125 

116.26 

.2344 

280 

290 

13.23 

118.15 

0.2411 

11.57 

11B.13 

0.2396 

10.28 

118.12 

D.23B2 

9.251 

9.378 

118.11 
119.9B 

.2370 

0.2395 




Table 25. F-114 (CClFi-CClFi) Dichlorotetrafluoroethane 
Properties of Superheated Vapor (Continued) 


Temp 

p 

1 PreBBuro 5.5 pbIb 

PreBBure 6.0 psia 

Preaure 6.5 paia 

Pressure 7.0 paia 

Gage preBBure 18.73 in. vac 
(Sat temp —3.1 F) 

Gaga preBBure 17.71 in. vac 
(Sat temp +0.3 F) 

Gaga preBBUre 16.69 in. vac 

Gage presBure 15.67 in. vac 


(Sat temp 3.4 F) 

(Sat temp 6.3 F) 

t 

V 

h 

■ 

V 

h 

B 

V 

h 

s 

V 

h 

B 

Ifit sat) 

iS.IBS) 

{71.07) 

[0.1064) 

[4.726) 

[71.64) 

[0.1566) 

[4.386) 

[71.08) 

[0.1666) 

[4.094) 

[72.39) 

[0.1566) 

0 

5.159 

71.52 

0.1574 







ID 

5.Z76 

73.00 

.1606 

4.829 

72.98 

0.1595 

4.451 

72.96 

0.1586 

4.127 

72.94 

0.1577 

20 

5.393 

74.49 

.1637 

4.937 

74.47 

.1627 

4.551 

74.45 

.1618 

4.220 

74.43 

.1609 

30 

5.510 

76.00 

.1668 

5.044 

75.98 

.1658 

4.650 

75.96 

.1649 

4.312 

75.94 

.1640 

40 

5.626 

77.52 

.1699 

5.151 

77.50 

.1689 

4.749 

77.48 

.1679 

4.404 

77.46 

.1671 

50 

5.743 

79.05 

0.1730 

5.258 

79.03 

0.1719 

4.848 

79.01 

.1710 

4.496 

78.99 

0.1701 

60 

5.860 

80.60 

.1760 

5.365 

80.58 

.1749 

4.947 

80.56 

.1740 

4.588 

80.54 

.1731 

70 

5.976 

82.16 

.1789 

5.472 

82.14 

.1779 

5.046 

82.12 

.1770 

4.680 

82.10 

.1761 

BO 

6.092 

83.73 

.1819 

5.579 

83.71 

.1809 

5.145 

83.70 

.1799 

4.77Z 

83.68 

.1790 

90 

6.2D9 

85.32 

.1848 

5.686 

85.30 

.1838 

5.244 

85.28 

.1828 

4.864 

85.27 

.1819 

100 

6.325 

B6.92 

0.1877 

5.793 

86.90 

0.1867 

5.342 

85.89 

0.1857 

4.956 

86.87 

0.1848 

110 

6.441 

88.53 

.1905 

5.899 

88.52 

.1895 

5.441 

88.50 

.1886 

5.048 

88.49 

.1877 

izo 

6.557 

90.16 

.1934 

6.006 

90.15 

.1924 

5.539 

90.13 

.1914 

5.139 

90.12 

.1905 

130 

6.673 

91.81 

.1962 

6.112 

91.79 

.1952 

5.638 

91.78 

.1942 

5.231 

91.76 

.1933 

140 

6.789 

93.46 

.1990 

6.219 

93.45 

.1980 

5.736 

93.43 

.1970 

5.3Z2 

93.42 

.1961 

ISO 

6.905 

95.13 

0.2017 

6.235 

95.12 

0.20O7 

5.834 

95.10 

0.1998 

5.414 

95.09 

0.1989 

160 

7.021 

96.82 

.2045 

6.431 

96.80 

.2035 

5.932 

96.79 

.2025 

5.505 

96.77 

.2016 

170 

7.136 

98.52 

.2072 

6.537 

98.50 

.2062 

6.031 

98.49 

.2052 

5.596 

98.47 

.2043 

IBO 

7.252 

100.23 

.2099 

6.644 

10D.21 

.2089 

6.129 

100.29 

.2079 

5.687 

IDD.IB 

.2070 

190 

7.368 

101.95 

.2126 

6.750 

101.94 

.2115 

6.227 

101.92 

.2106 

5.778 

101.91 

.2097 

ZOO 

7.483 

103.69 

9.2152 

6.856 

103.68 

0.2142 

6.325 

103.66 

0.2133 

5.87D 

103.65 

0.2124 

ZIO 

7.590 

105.44 

.2179 

6.962 

105.43 

.2168 

6.423 

105.42 

.2159 

5.961 

105,40 

.2150 

2Z0 

7.714 

107.21 

.2205 

7.068 

107.20 

.2195 

6.521 

107.19 

.2185 

6.052 

107.17 

.2176 

230 

7.830 

108.99 

.2231 

7.173 

108.98 

.2221 

6.619 

108.97 

.2211 

6.143 

108.95 

.2202 

240 

7.945 

110.78 

.2257 

7.279 

110.77 

.2246 

6.716 

110.76 

.2237 

6.234 

110.75 

.2228 

250 

8.061 

112.59 

0.2282 

7.385 

112.58 

0.2272 

6.814 

112.57 

0.Z263 

6.325 

112.56 

0.2254 

260 

8.176 

114.42 

.2308 

7.491 

114.40 

.2298 

6.912 

114.39 

.2288 

6.416 

114.38 

.2279 

270 

8.291 

116.25 

.2333 

7.597 

116.24 

.2323 

7.DID 

116.23 

.2314 

6.507 

116.2Z 

.2305 

280 

8.407 

118.10 

.2358 

7.703 

118.09 

.2348 

7.108 

118.08 

.2339 

6.597 

118.07 

.2330 

290 

8.522 

119.96 

0.2383 

7.809 

119.95 

.2373 

7. ZDS 

119.94 

.2364 

6.6BB 

119.93 

.2355 

300 




7.914 

121.83 

D.23QB 

7.303 

121.82 

0.Z3B9 

6.779 

121.81 

0.2380 

Temp 

F 

Pressure 7.5 psia 

Pressure 8.0 psia 

Pressure 9 psia 

Pressure 10 psia 

Gage presHuro 14.6.5 in. vac 

Gage preasure 13.64 in. vac 

Gage pressure 11.60 in. vac 

Gage pressure 9.57 in. vac 


1 (Sat temp 9.1 

F) 

(Sat temp 11.7 F) 

(Sat temp 16.6 F) 

(Sat temp 21.1 F) 

t 

t 

h 

8 

V 

h 

B 

T) 

h 

B 

V 

h 

0 

lat BaO 


{7E.7H) 

(0./5(J6) 

(5.515) 

[73.15) 

[0.1667) 

[3.240) 

[73.84) 

[0.1668) 

[2.937) 

[74.47) 

[0.1669) 

10 

3.846 

72.92 

0.1569 





20 

3.933 

74.41 

.1600 

3.682 

74.39 

0.1593 

3.263 

74.35 

0.1578 




30 

4.019 

75.92 

.1631 

3.763 

75.90 

.1624 

3.336 

75.86 

.1609 

2.994 

75. BZ 

0.1597 

40 

4.105 

77.44 

.1662 

3.844 

77.42 

.1655 

3.408 

77.38 

.1640 

3.060 

77.35 

.1628 

50 

4.191 

78.98 

0.1693 

3.925 

78.96 

0.1685 

3.480 

78.92 

0.1671 

3.125 

78. BB 

0.1658 

60 

4.277 

80.53 

.1723 

4.006 

80.51 

.1715 

3.553 

80.47 

.1701 

3.190 

80.43 

.1688 

70 

4.363 

82.09 

.1753 

4.086 

82.07 

.1745 

3.625 

82.03 

.1731 

3.255 

BZ.DO 

.1718 

80 

4.449 

83.66 

.1782 

4.167 

83.64 

.1774 

3.697 

83.61 

.1760 

3.320 

83.58 

.1748 

90 

4.535 

85.25 

.1811 

4.248 

85.23 

.1803 

3.769 

85.20 

.1789 

3.385 

85.17 

.1777 

IDO 

4.621 

86.85 

0.1840 

4.328 

86.84 

0.1832 

3.840 

86.80 

0.1818 

3.450 

86.77 

0.1806 

110 

4.707 

88.47 

.1869 

4.409 

88.46 

.1861 

3.912 

88.42 

.1847 

3.515 

88.39 

.1834 

120 

4.793 

90.10 

.1897 

4.489 

90.09 

.1889 

3.984 

90.05 

.1875 

3.579 

90. OZ 

.1863 

130 

4.878 

91.75 

.1925 

4.570 

91.73 

.1917 1 

4.055 

91.70 

.1903 

3.644 

91.67 

.1891 

140 

4.964 

93.40 

.1953 

4.650 

93.39 

.1945 

4.127 

93.36 

.1931 

3.708 

93.33 

.1919 

150 

5.049 

95.07 

0.1981 

4.730 

95.06 

0.1973 

4.198 

95.03 

D.1959 

3.773 

95.00 

0.1947 

160 

5.134 

96.76 

.2008 

4.810 

96.75 

.2000 

4.270 

96.72 

.1987 

3.837 

96.69 

.1974 

170 

5.220 

98.46 

.2035 

4.890 

98.45 

.2028 

4.341 

98.42 

.2014 

3.902 

98.39 

.2001 

180 

5.305 

100.17 

.2062 

4.970 

100.16 

.2055 

4.412 

100.13 

.2041 

3.966 

100.10 

.ZD2B 

190 

5.390 

101.90 

.2089 

5.050 

101.88 

.2081 

4.483 

101.86 

.2067 

4.030 

101.83 

.2055 

200 

5.475 

103.64 

0.2116 

5.130 

103.62 

0.21DB 

4.555 

103.60 

0.2094 

4.095 

103.57 

0.2082 

210 

5.560 

105.39 

.2142 

5.210 

105.38 

.2134 

4.626 

105.35 

.2121 

4.159 

105.33 

.2108 

2ZD 

5.645 

107.16 

.2168 

5.290 

107.15 

.2161 

4.697 

1D7.12 

.2147 

4.223 

107.10 

.2134 

230 

5.730 

108.94 

.2194 

5.370 

108.93 

.2187 

4.768 

108.91 

.2173 

4.287 

108.88 

.2160 

240 

5.815 

110.74 

.2220 

5.449 

110.73 

.2213 

4.839 

110.70 

.2199 

4.351 

11D.6B 

.2186 

250 

5.900 

112.55 

0.2246 

5.529 

112.54 

0.2238 

4.910 

112.51 

0.2224 

4.415 

112.49 

0.2212 

260 

5.985 

114.37 

.2271 

5.609 

114.36 

.2264 

4.981 

114.33 

.2250 

4.479 

114.31 

.2237 

270 

6.070 

116.21 

.2297 

5.689 

116.19 

.2289 

5.052 

116.17 

.2275 

4.543 

116.15 

.2263 

280 

6.155 

118.06 

.2322 

5.768 

118.05 

.2314 

5.123 

118.02 

.2300 

4.607 

118.00 

.2288 

290 

6.240 

119.92 

.2347 

5.848 

119.91 

.2339 

5.194 

119.89 

.2325 

4.671 

119.87 

.2313 

300 

6.325 

121.80;; 

0.2372 

5.927 

121.79 

0.2364 

5.265 

121.77 

0.2350 

4.735 

121,75 

0.2338 

310 



6.007 

123.68 

0.2389 

5.336 

123.66 

0.2375 

4.799 

123.64 

.2363 

320 










4.862 

125.55 

0.23B7 
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Table 25. F-114 (CCIF 2 -CCIF 2 ) Dichlorotetrafluoroethani 
Properties of Superheated Vapor (Continued) 



1 PreiBurB 11 pgU 

Ptbbbutb 12 pala 

Pressure 13 psia 

PresBure 14 psia 

Temp 

1 Gase preiBUTB 7.53 

1 in. vac 

Gage presBure 5.50 in. vac 

Gage pressure 3.46 In, vac 

Gage proBBure 1.42 in. vac 


1 (Sat temp 25.2 F) | 

(Sat temp 29.1 F) 

(Sat temp 32.7 F) 

(Sat temp 36.1 F) 

t 

V 

h 

8 

V 

h 

s 

V 

h 

a 

e 

h 

8 

(lit «a() 

[2.686) 

[75.06) 

[0.1570) 

[2.477) 

[76.60) 

[0.1673) 

[2.29B) 

[76.11) 

[0.1673) 

(e-U4) 

[76.69) 

[0.1676) 

30 

2.714 

75.78 

0.1585 

2.481 

75.74 

0.1575 







40 

2.774 

77.31 

.1616 

2.536 

77.27 

.1606 

2.335 

77.23 

0.1596 

2.162 

77.19 

0.1587 

50 

2.B34 

78.85 

0.1647 

2.591 

78.81 

0.1636 

2.386 

78.77 

0.1626 

2.210 

78.73 

0.1617 

50 

2.B93 

80.40 

.1677 

2.646 

80.36 

.1666 

2.436 

80.32 

.1656 

2.257 

80.29 

.1647 

70 

2.952 

81.96 

.1707 

2.700 

81.93 

.1696 

2.487 

81.89 

.1686 

2.304 

81.86 

.1677 

BO 

3.012 

83.54 

.1736 

2.755 

83.51 

.1726 

2.538 

83.47 

.1716 

2.351 

83.44 

.1707 

90 

3.071 

85.13 

.1765 

2.809 

85.10 

.1755 

2.5BB 

85.07 

.1745 

2.399 

85.03 

.1736 

100 

3.130 

86.74 

0.1794 

2.864 

86.71 

0.17B4 

2.639 

86.67 

0.1774 

2.446 

86.64 

0.1765 

110 

3.1B9 

88.36 

.1823 

2.918 

88.33 

.1813 

2.6B9 

BB.29 

.1803 

2.493 

88.26 

.1794 

120 

3.248 

89.99 

.1851 

2.972 

89.96 

.1841 

2.739 

89.93 

.1831 

2.539 

89.90 

.1822 

130 

3.307 

91.64 

.1879 

3.027 

91.61 

.1869 

2.789 

91.SB 

.1859 

2.586 

91.55 

.1850 

140 

3.366 

93.30 

.1907 

3.081 

93.27 

.1897 

2.B39 

93.24 

.1887 

2.633 

93.21 

.1878 

150 

3.425 

94.97 

0.1935 

3.135 

94.94 

0.1925 

2.BB9 

94.91 

0.1915 

2.679 

94.88 

0.1906 

MO 

3.4B3 

96.66 

.1963 

3.189 

96.63 

.1952 

2.939 

96.60 

.1943 

2.726 

96.57 

.1934 

170 

3.542 

98.36 

.1990 

3.243 

98.33 

.1979 

2.989 

98.31 

.1970 

2.772 

98.28 

.1961 

IBO 

3.601 

100.08 

.2017 

3.297 

100.05 

.2006 

3.039 

100.02 

.1997 

2.BIB 

99.99 

.1988 

190 

3.659 

101.81 

.2044 

3.351 

101.78 

.2033 

3.0B9 

101.75 

.2024 

2.865 

101.72 

.2015 

200 

3.71B 

103.55 

0.2070 

3.404 

103.52 

0.2060 

3.139 

103.19 

0.2050 

2.911 

103.47 

0.2041 

210 

3.776 

105.30 

.2097 

3.458 

105.28 

.2086 

3.188 

105.25 

.2077 

2.957 

105.23 

.2068 

220 

3.835 

107.07 

.2123 

3.512 

107.05 

.2113 

3.238 

107.02 

.2103 

3.004 

107.00 

.2094 

230 

3.B93 

108.86 

.2149 

3.565 

10B.B3 

.2139 

3.2B8 

108.81 

.2129 

3.050 

108.78 

.2120 

240 

3.952 

110.65 

.2175 

3.619 

110.63 

.2164 

3.337 

110.61 

.2155 

3.096 

110.58 

.2146 

250 

4.010 

112.46 

0.2201 

3.672 

112.44 

0.2190 

3.387 

112.42 

n.ZlBl 

3.142 

112.39 

0.2172 

260 

4.06B 

114.29 

.2226 

3.726 

114.27 

.2216 

3.436 

114.24 

.2206 

3.188 

114.22 

.2197 

270 

4.127 

116.13 

.2251 

3.780 

116.11 

.2241 

3.486 

116.08 

.2232 

3.234 

116.06 

.2223 

2B0 

4.185 

117.98 

.2277 

3.B33 

117.96 

.2266 

3..'535 

117.03 

.2257 

3.ZB0 

117.91 

.2248 

290 

4.243 

119.85 

.2302 

3.887 

119.82 

.2291 

3.5B5 

119.80 

.2282 

3.326 

119.78 

.2273 

300 

4.301 

121.73 

0.2327 

3.940 

121.70 

0.2316 

3.634 

121.68 

0.2307 

3,372 

121.66 

0.2298 

310 

4.359 

123.62 

.2351 

3.993 

123.60 

.2341 

3.683 

123.58 

.2332 

3.418 

123.56 

.2323 

320 

4.417 

125.53 

0.2376 

4.047 

125.51 

0.2366 

3.733 

125.40 

.2356 

3.464 

125.47 

.2347 

330 







3.782 

127.41 

0.2381 

3.510 

127.39 

0.2372 

Temp 

Pressure 16 psia 

Pressure 18 

psia 

Pressure 20 psia 

Pressure 22 psia 

Gaae pressure 1.3 psis 

Ga^e pressure 3.3 psig 

Gage pressure 5.3 psig 

Gage preBsure 7.3 psig 


(Sat temp 42.3 F)' 

(Sat temp 48.0 F) 

(Sat temp 53.3 

(Sat temp 5B.1 

1 F) 

t 

v 

h 

« 

V 

h 

8 

V 

h 

8 

V 


B 

(itt Anl) 

[l.SOS) 

[77.47) 

[0.1577) 

U.GfM) 

[7S.27) 

[0.1680) 

[1.634) 

[7i).00) 

[0.1683) 

U.403) 

[79.68) 

[0.1686) 

50 

1.924 

78.66 

0.1601 

1.701 

78.58 

0.1586 







60 

1.965 

80.21 

.1631 

1.73B 

80.14 

.1616 

1.557 

80.06 

0.1603 

1.40B 

79.98 

0.1591 

70 

2.007 

81.78 

.1661 

1.776 

81.71 

.1646 

1.591 

81.64 

.1633 

1.439 

81.56 

.1621 

BO 

2.049 

83.37 

.1690 

1.813 

B3.30 

.1676 

1.624 

83.22 

.1663 

1.470 

83.15 

.1651 

90 

2.090 

84.96 

.1720 

1.850 

84.90 

.1705 

1.658 

84. B2 

.1692 

1.501 

84.75 

.1681 

100 

2.131 

86.57 

0.1749 

1.BB7 

86.51 

0.1734 

1.692 

86.44 

0.1721 

1.532 

86.37 

0.1709 

110 

2.173 

BB.20 

.1778 

1.924 

88.13 

.1763 

1.725 

8B,07 

.1750 

1.562 

88.00 

.1738 

120 

2.214 

89.83 

.1806 

1.961 

89.77 

.1792 

1.759 

BO.71 

.1779 

1.593 

89.64 

.1767 

130 

2.255 

91.48 

.1834 

1.998 

91.42 

.1820 

1.792 

91.36 

.1807 

1.623 

91.30 

.1795 

140 

2.296 

93.15 

.1862 

2.035 

93.09 

.1848 

1.825 

93.03 

.1835 

1.654 

92.97 

.1823 

150 

2.337 

94.83 

0.1890 

2.071 

94.77 

0.1876 

1.B5B 

94.71 

0.1863 

1.684 

94.65 

0.1851 

160 

2.378 

96.52 

.1918 

2.108 

96.46 

.1903 

1.891 

96.40 

.1890 

1.714 

96.34 

.1879 

170 

2.419 

98.22 

.1945 

2.144 

9B.16 

.1931 

1.924 

9B.11 

.1918 

1.745 

98.05 

.1906 

IBO 

2.460 

99.94 

.1972 

2.181 

99.88 

.1958 

1.957 

99.83 

.1945 

1.775 

99.77 

.1933 

19D 

2.500 

100.67 

.1999 

2.217 

101.62 

.19B4 

1.990 

101.56 

.1972 

1.BD5 

101.51 

.i960 

200 

2.541 

103.41 

0.2025 

2.253 

103.36 

0.2011 

2.023 

103.31 

0.1998 

1.835 

103.26 

0.1987 

210 

2.582 

105.17 

.2052 

2.290 

105.12 

.2038 

2.056 

105.07 

.2025 

1.865 

105.02 

.2013 

220 

2.622 

106.95 

.2078 

2.326 

106.90 

.2064 

2.089 

106.84 

.2051 

1.B95 

106.79 

.2040 

230 

2.663 

108.73 

.2104 

2.362 

108.68 

.2090 

2.122 

108.63 

.2077 

1.925 

108.5B 

.2066 

240 

2.704 

110.53 

.2130 

2.398 

110.4B 

.2116 

2.155 

110.43 

.2103 

1.955 

110.39 

.2092 

250 

2.744 

112.35 

0.2156 

2.435 

112.30 

0.2142 

2.187 

112.25 

0.2129 

1.985 

112.20 

0.2117 

260 

2.7B5 

114.17 

.2181 

2.471 

114.13 

.2167 

2.220 

114.08 

.2155 

2.014 

114.03 

.2143 

270 

2.825 

116.01 

.2207 

2.507 

115.97 

.2193 

2.252 

115.92 

.2180 

2.044 

115.88 

.2168 

2BO 

2.866 

117.87 

.2232 

2.543 

117.82 

.2218 

2.285 

117.78 

.2205 

2.074 

117.73 

.2194 

290 

2.906 

119.74 

.2257 

2.579 

119.69 

.2243 

2.317 

119.65 

.2230 

2.104 

119.60 

.2219 

300 

2.946 

121.62 

0.2282 

2.615 

121.57 

0.2268 

2.350 

121.53 

0.2255 

2.133 

121.49 

0.2244 

310 

2.986 

123.51 

.2307 

2.651 

123.47 

.2293 

2.382 

123.43 

.2280 

2.163 

123.39 

.2269 

320 

3.027 

125.42 

.2332 

2.687 

125,38 

.2317 

2.415 

125.34 

.2305 

2.192 

125.30 

.2293 

330 

3.067 

127.35 

.2356 

2.723 

127.30 

.2342 

2.447 

127.26 

.2329 

2.222 

127.22 

.2318 

340 

3.107 

129.28 

0.2380 

2.759 

129.24 

0.2366 

2.480 

129.20 

.2354 

2.252 

129.16 

.2342 

350 







2.512 

131.15 

0.2378 

2.281 

131.11 

0.2367 
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Table 25. F-114 (CCIF 2 -CCIF 2 ) DiehlDrotetiafluoroethane 
Properties of Superheated Vapor (Continued) 


Temp 

F 

PreeBure 24 psia 

Gaae prcBBure 9.3 pBig 
(Sat temp 62.6 F) 

PreBBure 26 psia 

Gage preBBUre 11.3 pBig I 
(Sat temp 66.8 F) 

Pressure 28 psia 

Gage pressure 13.3 psig 
(Sat temp 70.8 F) 

Pressure 30 psia 

Gage pressure 15.3 psig 
(Sat temp 74.6 F) 

t 

V 

li 

8 

1 ^ 

h 

s 

V 

h 

a 

V 

h 


(at ant) 

70 

1.313 

[S0.3I) 

81.49 

i0.16H8) 

0.1610 

[I.lfJH) 

1.206 

(80.00) 

81.41 

(0.1690) 

0.1600 

U>117) 

[81.46) 

(0.1593) 

(1.046) 

(SI. OS) 

(0.1506) 

BO 

1.341 

83.08 

.1640 

1.233 

B3.00 

.1630 

1.139 

82.93 

0.1620 

1.058 

82.85 

0.1611 

00 

1.370 

84.68 

.1670 

1.259 

84.61 

.1659 

1.164 

84.54 

.1650 

1.082 

84.47 

.1641 

100 

1.398 

86.30 

0.1699 

1.286 

86.23 

0.16BB 

1.189 

86.16 

0.1679 

1.105 

86.09 

0.1670 

110 

1.427 

87.93 

.1727 

1.312 

87.86 

.1717 

1.213 

87.79 

.1708 

1.128 

87.73 

.1699 

120 

1.455 

89.58 

.1756 

1.338 

89.51 

.1764 

1.238 

89.44 

.1737 

1.151 

89.38 

.1728 

130 

1.4B3 

91.23 

.1784 

1.364 

91.17 

.1774 

1.262 

91.10 

.1765 

1.174 

91.04 

.1756 

140 

1.511 

92.90 

.1812 

1.390 

92.84 

.1802 

1.287 

92.78 

.1793 

1.197 

92.71 

.1784 

150 

1.539 

94.58 

0.1840 

1.416 

94.52 

0.1830 

1.311 

94.46 

0.1821 

1.220 

94.40 

0.1812 

160 

1.567 

96.28 

.1868 

1.442 

96.22 

.1858 

1.335 

96.16 

.1849 

1.242 

96.10 

.1840 

170 

1.595 

97.99 

.1895 

1.468 

97.93 

.1885 

1.359 

97.88 

.1876 

1.265 

97.82 

.1867 

IBD 

1.623 

99.71 

.1922 

1.494 

99.66 

.1912 

1.383 

99.60 

.1903 

1.288 

99.54 

.1895 

190 

1.651 

101.45 

.1949 

1.520 

101.40 

.1939 

1.407 

101.34 

.1930 

1.310 

101.28 

.1922 

200 

1.678 

103.20 

0.1976 

1.545 

103.15 

0.1966 

1.431 

103.09 

0.1957 

1.333 

103.04 

0.4949 

210 

1.706 

104.96 

.2003 

1.571 

104.91 

.1993 

1.455 

104.86 

.1984 

1.355 

104.81 

.1075 

220 

1.733 

106.74 

.2029 

1.596 

106.69 

.2019 

1.479 

106.64 

.2010 

1.378 

106.59 

.2002 

230 

1.761 

108.53 

.2055 

1.622 

108.48 

.2045 

1.503 

108.43 

.2036 

1.400 

108.38 

.2028 

240 

1.788 

110.34 

.2081 

1.647 

110.29 

.2071 

1.527 

110.24 

.2062 

1.422 

110.19 

.2054 

250 

1.816 

112.15 

0.21O7 

1.673 

112.11 

0.2097 

1.550 

112.06 

0.20B8 

1.444 

112.01 

0.2079 

260 

1.843 

113.98 

.2133 

1.698 

113.94 

.2123 

1.574 

113.89 

.2114 

1.467 

113.84 

.2105 

270 

1.871 

115.83 

.2158 

1.724 

115.78 

.2148 

1.598 

115.74 

.2139 

1.489 

115.69 

.2131 

2B0 

1.B9B 

117.69 

.2183 

1.749 

117.64 

.2174 

1.622 

117.60 

.2164 

1.511 

117.55 

.2156 

290 

1.925 

119.56 

.2208 

1.774 

119.51 

.2199 

1.645 

119.47 

.2190 

1.533 

119.42 

.2181 

300 

1.953 

121.44 

0.2233 

1.800 

121.40 

0.2224 

1.669 

121.36 

0.2215 

1.555 

121.31 

0.2206 

310 

1.980 

123.34 

.2258 

1.825 

123.30 

.2249 

1.692 

123.26 

.2240 

1.577 

123.21 

.2231 

320 

2.007 

125.25 

.2283 

1.850 

125.21 

.2273 

1.716 

125.17 

.2264 

1.599 

125.13 

.2256 

330 

2.034 

127.18 

.2307 

1.875 

127.14 

.2298 

1.739 

127.10 

.2289 

1.621 

127.06 

.2280 

340 

2.061 

129.12 

.2332 

1.900 

129.08 

.2322 

1.762 

129.04 

.2313 

1.643 

129.00 

.2305 

350 

2.088 

131.07 

0.2356 

1.925 

131.04 

0.2346 

1.786 

131.04 

0.2337 

1.665 

130.96 

0.2329 

360 

370 

2.116 

133.04 

0.2380 

1.951 

133.01 

0.2371 

1.809 

1.833 

132.97 

134.95 

.2362 

0.2386 

1.687 

1.708 

132.93 

134.91 

.2353 

0.2377 

Temp 

F 

Pressure 32 psia 

Pressure 34 psia 

Pressure 36 psia 

Pressure 38 psia 

Gage pressure 17.3 psig 

Gage pressure 19.3 psig 

Gage pressure 21.3 psig 

Gage pressure 23.3 psig 

(Sat temp 78.2 F) 

(Sat temp 81.6 F) 

(Sat temp 84.9 F) 

(Sat temp BB.O F) 

t 

D 

h 

8 

1) 

h 


V 

h 

s 

D 

h 

N 

(n( Hat) 

80 

0.9874 

{S24.9) 

82.78 

[o.iriUff) 

0.1603 

i0.02S4) 

(82.06) 

(0.1000) 

(0.8702) 

(^ 5.40 

(0.1602) 

(0.8347) 

(83.S 4) 

(0.1604) 

90 

1.010 

84.39 

.1633 

0.9458 

B4.32 

0.1625 

0.8891 

84.24 

0.1617 

0.8384 

84.17 

D.1610 

100 

1.032 

86.02 

0.1662 

0.9666 

85.95 

0.1654 

0.9089 

85.87 

0.1646 

0.8573 

85.80 

0.1639 

no 

1.053 

87.66 

.1691 

0.9873 

87.59 

.1683 

.9286 

B7.52 

.1675 

.8761 

87.44 

.1668 

120 

1.075 

89.31 

.1720 

1.008 

89.24 

.1712 

.9482 

89.17 

.1704 

.8948 

89.10 

.1697 

130 

1.097 

90.97 

.1748 

1.028 

90.91 

.1740 

.9677 

90.84 

.1733 

.9134 

90.77 

.1726 

140 

1.118 

92.65 

.1776 

1.049 

92.59 

.1768 

0.9B71 

92.52 

.1761 

.9320 

92.46 

.1754 

150 

1.140 

94.34 

0.1804 

1.069 

94.28 

0.1796 

1.007 

94.21 

0.1789 

0.9505 

94.15 

0.1782 

160 

1.161 

96.04 

.1832 

1.090 

95.98 

.1824 

1.026 

95.92 

.1817 

.9689 

95.86 

.1810 

170 

1.183 

97.76 

.1859 

1.110 

97.70 

.1852 

1.045 

97.64 

.1844 

0.9872 

97.58 

.1837 

180 

L.204 

99.49 

.1887 

1.130 

99.43 

.1879 

1.064 

99.37 

.1B72 

1.005 

99.31 

.1865 

190 

1.225 

101.23 

.1914 

1.150 

101.17 

.1906 

1.083 

101.11 

.1899 

1.024 

101.06 

.1892 

200 

1.246 

102.98 

1^.1940 

1.170 

102.93 

0.1933 

1.102 

102.87 

0.1926 

1.042 

102.82 

0.1919 

210 

1.268 

104.75 

. 1967 

1.190 

104.70 

.1959 

1.121 

104.64 

.1952 

1.060 

104.59 

.1945 

220 

1.289 

106.53 

. 1993 

1.210 

106.48 

.1986 

1.140 

106.43 

.1979 

1.078 

106.38 

.1972 

230 

1.310 

108.33 

.2020 

1.230 

108.28 

.2012 

1.159 

108.23 

.2005 

1.096 

108.18 

.1998 

240 

1.331 

110.14 

.2046 

1.250 

110.09 

.2038 

1.178 

110.04 

.2031 

1.113 

109.99 

.2024 

250 

1.352 

111.96 

0 2072 

1.269 

111.91 

0.2064 

1.197 

111.86 

0.2057 

1.131 

111.81 

0.2050 

260 

1.372 

113.79 


1.2B9 

113.75 

.2090 

1.215 

113.70 

.2083 

1.149 

113.65 

.2076 

270 

1.393 

115.64 


1.309 

115.60 

.2115 

1.234 

115.55 

.2108 

1.167 

115.50 

.2101 

2BO 

1.414 

117.50 

!214B 

.2173 

1.328 

117.46 

.2141 

1.253 

117.41 

.2133 

1.185 

117.37 

.2127 

290 

1.435 

119.38 

1.348 

119.33 

.2166 

1.271 

119.29 

.2159 

1.203 

119.25 

.2152 

300 

1.455 

121.27 

°.2l9B 

.2223 

.2248 

.2272 

.2297 

1.368 

121.22 

0.2191 

1.290 

121.18 

D.21B4 

1.220 

121.14 

0.2177 

310 

1.476 

123.17 

1.387 

123.13 

.2216 

1.308 

123.08 

.2209 

1.Z3B 

123.04 

.2202 

320 

1.497 

125,09 

1.407 

125.05 

.2241 

1.327 

125.00 

.2233 

1.255 

124.96 

.2227 

330 

1.517 

127.02 

1.426 

126.98 

.2265 

1.345 

126.93 

.2258 

1.273 

126.89 

.2251 

340 

1.538 

128.96 

1.446 

128.92 

.2289 

1.364 

128.88 

.2283 

1.290 

128.84 

.2276 

350 

1.559 

130.92 

°.2321 

p.2345 

“.2370 

1.465 

130.88 

0.2314 

1.382 

130.84 

0.2307 

1.308 

130.80 

0.Z3D0 

360 

1.579 

132.89 

1.485 

132.85 

.2338 

1.401 

132.81 

.2331 

1.325 

132.77 

.2324 

370 

380 

1.600 

134.87 

1.504 

1.524 

134.83 
136.a3 

.2362 

0.23B6 

1.419 

1.437 

134.79 

136.79 

.2355 

0.2379 

1.343 

1.360 

134.75 

136.75 

.2348 

0.2372 


[ 178 ] 




7. REFRIGERANT TABLES AND CHARTS 


17P 


Table 25. F-114 (CClFi-CClFi) Dichlorotetrafluoroethane— 
Properties of Superheated Vapor (Continued) 


. - 

Pressure 40 psla 

Pressure 45 psia 

Pressure 50 psia 

Pressure 55 psia 

Temp 

1 Gage pressure 25.3 pslg 

Gage pressure 30.3 psig 

Gage pressure 35.3 psig 

Gage pressure 40.3 psig 

F 

1 (Sat temp 91.0 F) 

(Sat temp 98.1 Fj 

(Sal temp 104.6 F) 

(Sat temp 110.7 F) 

1 

V 

h 

a 


h 

a 

D 

h 

■ 1 

D 

h 

a 

sal) 

i0.7D4S) 

iS4.26) 

iO.lGOG) 

iO.7095) 

{86.23) 

(0.6111) 

(0.6408) 

(86.10) (0.1616) 1 

(0.6841) 

(86.92) 

(0.1620) 

100 

O.BIDB 

85.73 

0.1632 

0.7125 

85.54 

0.1616 







110 

.B2BB 

87.37 

.1661 

.7288 

87.19 

.1646 

0.6487 

87.00 

0.1631 




120 

.B467 

89.03 

.1690 

.7450 

88.86 

.1675 

.6636 

88.68 

.1660 

0.5967 

88.49 

0.1647 

130 

.B646 

90.70 

.1719 

.7611 

90.53 

.1703 

.6784 

90.36 

.1689 

.6104 

90.18 

.1676 

140 

.BB24 

92.39 

.1747 

.7772 

92.22 

.1732 

.6931 

92.05 

.1718 

.6240 

91.88 

.1705 

150 

0.9001 

94.09 

0.1775 

0.7932 

93.92 

0.1760 

0.7077 

93.76 

0.1746 

0.6375 

93.59 

0.1733 

IbO 

.9176 

95.80 

.1803 

.8091 

95.64 

.1788 

.7223 

95.48 

.1774 

.6509 

95.31 

.1761 

170 

.9351 

97.52 

.1831 

.8250 

97.37 

.1816 

.7367 

97.21 

.1802 

.6643 

97.05 

.1789 

IBO 

.9524 

99.25 

.1858 

.8407 

99.11 

.1843 

.7511 

98.95 

.1829 

.6776 

98.80 

.1816 

1>)0 

.9697 

101.00 

.1885 

.8563 

100.86 

.1870 

.7654 

100.71 

.1856 

.6908 

100.56 

.1844 

200 

D.9B7D 

102.76 

0.1912 

0.8719 

102.62 

0.1897 

0.7796 

102.48 

0.1883 

0.7039 

102.33 

0.1871 

210 

1.004 

104.53 

.1939 

.8874 

104.04 

.1924 

.7937 

104.26 

.1910 

.7170 

104.12 

.1898 

220 

1.021 

106.32 

.1965 

.9028 

106.19 

.1950 

.8077 

106.05 

.1937 

.7300 

105.91 

.1924 

230 

1.039 

108.12 

.1992 

.9182 

107.99 

.1977 

.8217 

107.86 

.1963 

.7429 

107.72 

.1951 

240 

1.056 

109.93 

.2018 

.9335 

109.81 

.2003 

.8357 

109.68 

.1989 

.7558 

109.55 

.1977 

250 

1.073 

111.76 

0.2044 

0.9488 

111.64 

0.2029 

0.8496 

111.51 

0.2015 

0.7686 

111.38 

0.2003 

2b0 

1.D9D 

113.60 

.2069 

.9641 

113.48 

.2055 

.8635 

113.35 

.2041 

.7813 

113.23 

.2029 

270 

1.107 

115.45 

.2095 

.9793 

115.33 

.2080 

.8773 

115.21 

.2067 

.7940 

115.09 

.2054 

2B0 

1.124 

117.32 

.2120 

0.9945 

117.20 

.2106 

.8911 

117.08 

.2092 

8066 

116.97 

.2080 

2Q0 

1.141 

119.20 

.2146 

1.010 

119.08 

.2131 

.9049 

118.97 

.2118 

.8192 

118.85 

.2105 

300 

1.157 

121.09 

0.2171 

1.025 

120.98 

0.2156 

0.9186 

120.87 

0 2143 

0.8318 

120.75 

0.213D 

310 

1.174 

123.00 

.2196 

1.040 

122.89 

.2181 

.9323 

122.78 

.2168 

.8444 

122.67 

.2155 

320 

1.191 

124.92 

.2220 

1.055 

124.81 

.2206 

. 9460 

124.70 

.2193 

.8569 

124.59 

.2180 

330 

1.20B 

126.85 

.2245 

1.070 

126.75 

.2230 

.9597 

126.64 

.2217 

.8694 

126.53 

.2205 

340 

1.224 

128.80 

.2270 

1.085 

128.70 

.2255 

.9733 

128.59 

.2242 

.8819 

128.49 

.2230 

350 

1.241 

130.76 

0.2294 

1.100 

130.66 

0.2279 

0.9868 

130.55 

0.2266 

0.8943 

130.45 

0.2254 

3()0 

1.258 

132.73 

.2318 

1.115 

132.63 

.2304 

1.000 

132.53 

.2290 

.9067 

132.43 

.2278 

370 

1.274 

134.72 

.2342 

1.130 

134.62 

.2328 

1.014 

134.52 

.2315 

.9191 

134.42 

.2303 

380 

1.291 

136.72 

.2366 

1.144 

136.62 

.2352 

1.027 

136.53 

.2339 

.9314 

136.43 

.2327 

3D0 

1.308 

138.73 

0.2390 

1.159 

138.63 

0.2376 

1.041 

138.54 

.2362 

.9437 

138.45 

.2351 

400 







1.054 

140.57 

0.2386 

0.9560 

140.48 

0.2374 

410 










0.9683 

142.53 

0.2398 


Pressure 60 psia 

Pressure 65 psia 

Pressure 70 psia 

Pressure 75 psia 

r L'Tnp 

p 

Gage pressure 45.3 psig 

Gage pressure 50.3 psig 

Gage pressure 55.3 psig 

Gage pressure 60.3 psig 


TSat temp 116.3 F) 

(Sat temp 121.6 F) 

(Sat temp 126.6 F) 

(Sat temp 131.4 F) 

f 

V 

h 

a 

D 

h 

a 

V 

h 

a 

v 

h 

a 

ill .SVlf) 


[S7.67) 

{0.1G:24) 

i0.4!?6S) 

[88.37) 

(0.1628) 

(0.4GU7) 

(8U.03) 

(0.1632) 

(0.4302) 

(89.66) 

(0.1636) 

120 

0.5411 

88.30 

0.1635 










130 

.5539 

90.00 

.1664 

0.5059 

89.81 

0.1652 

0.4645 

89.62 

0.1642 




140 

.5666 

91.70 

.1693 

.5179 

91.52 

.1681 

.4759 

91.34 

.1670 

0.4395 

91.15 

0.1660 

150 

0.5792 

93.42 

0.1721 

0.5298 

93.25 

0.1710 

0.4873 

93.07 

0.1699 

0.4502 

92.89 

0.1689 

IbO 

.5918 

95.15 

.1749 

.5415 

94.98 

.1738 

.4985 

94.81 

.1727 

.4608 

94.63 

.1717 

170 

.6043 

96.89 

.1777 

.5532 

96.73 

.1766 

.5095 

96.56 

.1755 

.4713 

96.39 

.1745 

IHO 

.6166 

98.64 

.1805 

.5648 

98.49 

.1794 

.5204 

98.33 

.1783 

.4817 

98.16 

.1773 

190 

.62BB 

100.41 

.1832 

.5763 

100.26 

.1821 

.5312 

100.10 

.1811 

.4920 

99.94 

.1801 

200 

0.6410 

102.18 

0.1859 

0.5876 

102.04 

0.1848 

0.5419 

101.88 

0.1838 

0.5022 

101.73 

0.1828 

210 

.6530 

103.97 

.1886 

.5989 

103.83 

.1875 

.5525 

103.68 

.1865 

.5122 

103.53 

.1855 

220 

.6650 

105.78 

.1913 

.6101 

105.63 

.1902 

.5630 

105.49 

.1892 

.5222 

105.35 

.1882 

230 

.6770 

107.59 

.1939 

.6213 

107.45 

.1928 

.5735 

107.31 

.1918 

.5322 

107.17 

.1909 

240 

.6BB9 

109.41 

.1965 

.6324 

109.28 

.1955 

.5840 

109.15 

.1945 

.5421 

109.01 

.1935 

250 

0.7D0B 

111.25 

0.1991 

0.6435 

111.12 

0.1981 

0.5944 

110.99 

0.1971 

0.5519 

110.86 

0.1962 

260 

.7126 

113.10 

.2017 

.6545 

112.98 

.2007 

.6048 

112.85 

.1997 

.5617 

112.72 

.1988 

270 

.7244 

114.97 

.2043 

.6655 

114.85 

.2033 

.6151 

114.72 

.2023 

.5715 

114.59 

.2014 

280 

.7362 

116.85 

.2069 

.6765 

116.73 

.2058 

.6254 

116.60 

.2048 

.5812 

116.48 

.2040 

290 

.7479 

118.74 

.2094 

.6874 

118.62 

.2084 

.6356 

118.50 

.2074 

.5908 

118.38 

.2065 

300 

0.7595 

120.64 

0.2119 

0.6983 

120.52 

0.2109 

0.6458 

120.41 

0.2099 

0.6004 

120.29 

0.2090 

310 

.7711 

122.56 

.2144 

.7091 

122.44 

.2134 

.6559 

122.33 

.2124 

.6099 

122.22 

.2115 

320 

.7827 

124.49 

.2169 

.7199 

124.37 

.2159 

.6660 

124.26 

.2149 

.6194 

124.15 

.2140 

330 

.7943 

126.43 

.2194 

.7307 

126.32 

.2184 

.6761 

126.21 

.2174 

.6289 

126.10 

.2165 

340 

.B05B 

128.38 

.2219 

.7414 

128.28 

.2208 

.6862 

128.17 

.2199 

.6383 

128.06 

.2190 
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Table 25. F-114 (CClFi-CClFs) Dichlorotetrafluoroethanc 
Properties of Superheated Vapor (Concluded) 


—.. 

Preiflsure 60 peia 

1 PresBure 65 pBia 


Pressure 70 psia 

PreBBUTB 75 psia 

Temp 

Gage preaiure 15.3 pslg 

1 Gage prBBBure 50.3 | 

piig 


1 Gage pressiire 55.3 paig 

1 Gage presBUTB 60.3 pslg 

F 

(^at temp 116.3 F) 

(Sat temp 121.6 F 

') 


(Sat temp 126.6 F) 

(Sat temp 131.4 F^ 

t 

0 A 

0 1 

0 

A 

a 


0 

A a 

0 

A 

a 

{at aaO 

(0.53(34) (S7.S7) 

(O.J(3S4) 

(0.4.958) 

(88.37) 

(0.1628) 


(0-4607) 

(S5.0S) (0.1632) 

(0.4902 

(89.66) 

(0.1635) 

350 

0.B173 130.35 

0.2243 

0.7521 

130.25 

0.2233 


0.6962 

130.14 0.2223 

0.6477 

130.04 

0.2214 

360 

.B2B7 132.33 

.2267 

.7627 

132.23 

.2257 


.7062 

132.13 .2248 

.6571 

132.03 

.2239 

370 

.B401 134.33 

.2292 

.7733 

134.23 

.2281 


.7161 

134.13 .2272 

.6664 

134.03 

.2263 

3BO 

.8515 136.34 

.2316 

.7839 

136.24 

.2305 


.7260 

136.14 .2296 

.6757 

136.04 

.2287 

390 

.8629 13B.36 

.2340 

.7945 

138.26 

.2329 


.7359 

138.17 .2320 

.6850 

138.07 

.2311 

400 

0.B742 140.39 

0.2363 

D.B050 

140.30 

0.2353 


0.7458 

140.21 0.2344 

0.6943 

140.11 

0.2335 

410 

0.BB55 14Z.44 

D.23B7 

.8155 

142.35 

.2377 


.7556 

142.26 .2368 

.7036 

142.16 

.2359 

4Z0 



0.B260 

144.41 

0.2401 


0.7654 

144.32 0.2391 

.7128 

144.23 

.2382 

430 










0.7220 

146.31 

0.2406 

Temp 

PresBure BO paia 






Pressure 85 psia 




Gage preiBure 65.3 pBig 





Gage preBBure 70.3 psig 




(Sat temp 135.9 F) 






(Sat temp 140.2 F) 




t 

0 

h 


a 




0 

A 

a 



(nt bmO 

(0.4033) 

[D0.S4) 

(0.16.38) 



(0.3794) 

(90.78) 

(0.1641) 



140 

0.4076 

90.96 

0.1650 




— 

— 

— 



150 

D.417B 

92.70 

0.1679 



0.3890 

92.51 

0.1670 



160 

.4279 

94.46 

.1708 




.3988 

94.27 

.1699 



170 

.4379 

96.22 

.1736 




.4084 

96.04 

.1727 



ISO 

.4478 

97.99 

.1764 




.4179 

97.83 

.1755 



190 

.4576 

99.78 

.1792 




.4273 

99.62 

.1783 



200 

0.4674 

101.SB 

0.1819 



0.4366 

101.42 

0.1811 



210 

.4770 

103.38 

.1846 




.4458 

103.23 

.1838 



220 

.4865 

105.20 

.1B73 




.4548 

105.05 

.1865 



230 

.4959 

107.03 

.1900 




.4638 

106.89 

.1892 



240 

.5053 

10B.B7 

.1927 




.4728 

108.73 

.1918 



250 

0.5146 

110.72 

0.1953 



0.4817 

110.59 

0.1944 



260 

.5239 

112.59 

.1979 




.4905 

112.46 

.1971 



270 

.5331 

114.47 

.2005 




.4993 

114.34 

.1996 



280 

.5423 

116.36 

.2031 




.5081 

116.23 

.2022 



290 

.5514 

118.26 

.2056 




.5168 

118.14 

.2048 



300 

0.56d5 

120.17 

0.2081 



0.5254 

120.05 

0.2073 



310 

.5695 

122.10 

.2107 




.5340 

121.98 

.2099 



320 

.5785 

124.04 

.2132 




.5426 

123.93 

.2124 



330 

.5875 

125.99 

.2157 




.5511 

125.88 

.2149 



340 

.5964 

127.96 

.2181 




.5595 

127.85 

.2173 



350 

0.6053 

129.93 

0.2206 



0.5679 

129.83 

0.2198 



360 

.6142 

131.92 

.2230 




.5763 

131.82 

.2222 



370 

.6230 

133.93 

.2255 




.5847 

133.83 

.2247 



3BD 

.631B 

135.94 

.2279 




.5930 

135.85 

.2271 



390 

.6406 

137.97 

.2303 




.6013 

137.88 

.2295 



400 

0.6494 

140.02 

0.2327 



0.6096 

139.92 

0.Z319 



410 

.6581 

142.07 

.2351 




.6179 

141.98 

.2343 



420 

.6668 

144.14 

.2374 




.6262 

144.05 

.2366 



430 

.6775 

146.22 

.2398 




.6344 

146.13 

.2390 



440 

— 

— 


— 




.6426 

148.23 

.2413 





7. REFRIGERANT TABLES AND CHARTS IBI 


Table Z6. leobutane—Properties of Liquid and Saturated Vapor 


Temp 

F 

PreBiurst 

Liquid, 

denaity^ 

Vapor, 

■p vol** 

Enthalpy, datum 0 F 
Btu per lb 

Entr w, datum 0 F 

Btu per lb F 

t 

psia 

pslg 

Ib/cu ft 

1 

cu ft/lb 

Vg 

Liquid 

Vapor 

hg 

Liquid 

V 

Vapor 

flp 

-20 

7.50 

14.6* 

38.35 

11.0 

-9.0 

156.5 

-0.020 

0.356 

-15 

B.30 

13.0* 

38.15 

9.90 

-7.0 

157.0 

- .015 

.354 

-10 

9.28 

11.0* 

37.95 

8.91 

-4.5 

158.5 

- .010 

.353 

- 5 

10.4 

8.8* 

37.80 

7.99 

-2.5 

159.5 

- .003 

.351 

D 

11.6 

6.3* 

37.60 

7.17 

0.0 

160.5 

0.000 

0.350 

+ 5 

13.1 

3.3* 

37.40 

6.41 

+2.5 

162.0 

0.005 

D.34B 

ID 

14.6 

0.2* 

37.20 

5.75 

5.0 

163.5 

.011 

.348 

15 

16.3 

1.6 

37.00 

5.18 

7.5 

164.5 

.016 

.347 

20 

18.2 

3.5 

36.80 

4.68 

10.0 

166.0 

.021 

.346 

25 

20.2 

5.5 

36.60 

4.24 

13.D 

167.5 

.027 

.346 

30 

22.3 

7.6 

36.40 

3.86 

15.5 

169.0 

0.032 

0.346 

35 

24.6 

9.9 

36.20 

3.52 

18.0 

170.5 

.038 

.346 

40 

26.9 

12.2 

36.00 

3.22 

21.0 

172.0 

.044 

.346 

45 

29.5 

14.8 

35.80 

2.96 

24.0 

174.0 

.049 

.346 

50 

32.5 

17.8 

35.60 

Z.71 

27.0 

175.5 

.055 

.346 

55 

35.5 

20.8 

35.40 

2.49 

30.0 

177.5 

0.061 

0.347 

60 

38.7 

24.0 

35.20 

2.28 

33.D 

179.0 

.067 

.348 

65 

42.2 

27.5 

35.00 

2.10 

36.5 

181.0 

.073 

,349 

70 

45.8 

31.1 

34.80 

1.94 

39.5 

133.0 

.079 

.350 

75 

49.7 

35.0 

34.60 

1.79 

43.0 

185.0 

.086 

.351 

BO 

53.9 

39.2 

34.35 

1.66 

46.5 

187.0 

0.092 

0.352 

85 

58.6 

43.9 

34.10 

1.54 

50.0 

189.0 

1 .098 

.353 

90 

63.3 

48.6 

33.90 

1.42 

53.5 

191.0 

.105 

.356 

95 

68.4 

53.7 

33.70 

1.32 

57.5 

193.5 

.112 

.358 

100 

73.7 

59.0 

33.45 

1.23 

61.0 

195.5 

.118 

.359 

105 

79.3 

64.6 

33.25 

1.14 

65.0 

198.0 

0.125 

0.360 

110 

85.1 

70.4 

33.00 

1.07 

69.0 

200.0 

.132 

.362 

115 

91.4 

76.7 

32.80 

O.990 

73.0 

202.5 

,139 

.364 

120 

98.0 

83.3 

32.50 

.926 

77.0 

204.5 

.147 

.367 

125 

104.8 

90.1 

32.30 

,867 

81.5 

207.5 

.154 

.369 

130 

112.0 

97.3 

32.00 

0.811 

86.0 

209.0 

0.161 

□ .371 

135 

119.3 

104.6 

31.80 

.760 

90.5 

211.0 

.169 

.375 

140 

126.8 

112.1 

31.50 

.710 

95.0 

213.2 

.176 

.377 

145 

136.0 

121.3 

31.30 

.662 

99.6 

215.2 

.183 

.379 

150 

145.0 

130.3 

31.03 

.620 

104.5 

217.5 

.190 

.382 

155 

155.0 

140.3 

30.73 

0.580 

109.3 

219.7 

0.197 

0.384 

160 

165.0 

150.3 

30.43 

.542 

114.2 

221.7 

.204 

.387 

165 

175.0 

160.3 

30.14 

.505 

119.3 

224.0 

.212 

.389 

170 

186.0 

171.3 

29.85 

.475 

124.7 

225.7 

.219 

.392 

175 

198.0 

183.3 

29.54 

.448 

129.9 

228.0 

.226 

.395 

180 

210.0 

195.3 

29.23 

0.420 

135.0 

230.0 

0.233 

0.397 


t Based on niaterial from Dana, Jenkins, Burdick and Timm, published Driginally in Refrigerating Engineering, 
June 1U20, vdI. 12, do, 12, page 402. 

* Inches of mercury below one standard atmosphere (29.92 in.), 

SpBcific volume and ilBiisity beyond 136 F, 11. II. Sage and W. N. Lacey, Induatrial and Enginrering Chemiatr]/, 
June 19,38. 
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PART II. TABLES 



Enthalpy, btu per lb 


















HEAT content - BTU PER LB - ABOVE LIQUID AT-40 F 
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PART U. TABLES 


Table Z7. Methyl Chloride—Properties of Liquid and Saturated Vapor 


Temp 

F 

PrSBIUTB 

Liiiuid, 

■p vdI 

Vapor, 

Bp V6l 

Enthalpy, datum —40 F 
Btu per lb 

Entrupy, datum —40 F 
fitu per lb F 

t 

psla 

palK 

cu ft/lb 

V 

cu ft/lb 

Vg 

Lljiuid 

Vapur 

hg 

LUuld 

■/ 

Vapor 

Bg 

-BO 

1.953 

25.94* 

0.01493 

41.08 

-13.888 

184.75 

-0.0351 

0.4882 

-70 

2.715 

24.32* 

.01508 

29.84 

-10.521 

186.25 

- .0261 

.4790 

-60 

3.799 

22.19* 

.01523 

22.09 

— 7.039 

187.74 

- .0172 

.4703 

-50 

5.155 

19.43* 

.01538 

16.64 

- 3.532 

189.19 

- .0085 

.4620 

-40 

6.B7B 

15.92* 

0.01553 

12.72 

0.000 

190.66 

O.OOOO 

0.4544 

-30 

9.036 

11.52* 

.01568 

9.873 

3.562 

192.08 

.0084 

.4472 

-20 

11.71 

6.090* 

.01583 

7.761 

7.146 

193.49 

.0166 

.4405 

-10 

14.96 

0.266 

.01598 

6.176 

10.75 

194.87 

.0247 

.4343 

0 

IB.90 

4.201 

0.01613 

4.969 

14.39 

196.23 

0.0327 

0.4284 

z 

19.77 

5.077 

.01616 

4.763 

15.12 

196.51 

.0343 

.4273 

4 

20.68 

5.985 

.01619 

4.568 

15.85 

196.78 

.0359 

.4262 

5 

21.15 

6.455 

.01622 

4.471 

16.21 

196.92 

.0367 

.4257 

6 

21.62 

6.924 

.01625 

4.379 

16.58 

197.05 

.0375 

.4251 

B 

22.59 

7.896 

.01628 

4.206 

17.31 

197.31 

.0390 

.4240 

10 

23.60 

8.903 

0.01631 

4.038 

18.04 

197.58 

0.0406 

0.4229 

IZ 

24.64 

9.943 

.01634 

3.878 

18.77 

197.83 

.0422 

.4218 

14 

25.72 

11.02 

.01637 

3.726 

19.51 

198.09 

.0437 

.4208 

16 

26.83 

12.13 

.01640 

3.581 

20.25 

198.34 

.0453 

.4198 

IB 

27.97 

13.ZB 

.01644 

3.443 

20.98 

198.59 

.0468 

.4187 

20 

29.16 

14.46 

0.01647 

3.312 

21.73 

198.84 

0.0484 

0.4177 

22 

30.3B 

15.69 

.01650 

3.186 

22.47 

199.08 

.0499 

.4166 

24 

31.64 

16.95 

.01654 

3.067 

23.21 

199.32 

.0514 

.4156 

26 

32.95 

IB.25 

.01658 

2.952 

23.95 

199.56 

.0530 

.4146 

28 

34.29 

19.60 

.01662 

2.843 

24.70 

199.79 

.0545 

.4136 

30 

35.68 

20.98 

0.01665 

2.739 

25.44 

200.03 

0.0560 

0.4126 

32 

37.11 

22.41 

.01669 

2.640 

26.18 

200.26 

.0575 

.4117 

34 

38.58 

23.88 

.01673 

2.546 

26.93 

200.49 

.0590 

.4107 

36 

40.09 

25.39 

.01677 

2.455 

27.67 

200.72 

.0605 

.4098 

38 

41.65 

26.95 

.016B1 

2.369 

28.42 

200.95 

.0621 

.4088 

40 

43.25 

2B.56 

0.01684 

2.286 

29.17 

201.17 

0.0636 

0.4079 

42 

44.91 

30.21 

.016BB 

2.206 

29.92 

201.40 

.0651 

.4070 

44 

46.61 

31.91 

.01692 

2.130 

30.67 

201.62 

.0665 

.4061 

46 

48.35 

33.66 

.01696 

2.057 

31.42 

201.84 

.0680 

.4052 

4B 

50.15 

35.45 

.01700 

1.987 

32.17 

Z02.06 

.0695 

.4043 

50 

51.99 

37.29 

0.01704 

1.920 

32.93 

202.28 

0.0710 

0.4034 

52 

53.88 

39.18 

.01708 

1.856 

33.68 

202.49 

.0725 

.4025 

54 

55.83 

41.13 

.01712 

1.794 

34.44 

Z0Z.71 

.0740 

.4017 

56 

57.83 

43.13 

.01716 

1.735 

35.19 

202.91 

.0754 

.4008 

SB 

59. BB 

45.19 

.01720 

1.679 

35.95 

203.13 

.0769 

.3999 

60 

62.00 

47.30 

0.01724 

1.624 

36.71 

203.33 

0.0784 

0.3991 

62 

64.17 

49.47 

.01728 

1.572 

37.47 

203.54 

.0798 

.3983 

64 

66.39 

51.70 

.01732 

1.522 

38.23 

203.74 

.0813 

.3974 

66 

6B.67 

53.98 

,01736 

1.473 

39.00 

203.95 

.0827 

.3966 

68 

71.01 

56.32 

.01740 

1.427 

39.76 

204.15 

.0842 

.3958 

70 

73.41 

SB.71 

0.01744 

1.382 

40.52 

204.34 

0.0856 

0.3950 

72 

75.86 

61.17 

.01748 

1.339 

41.29 

204.53 

.0870 

.3941 

74 

7B.37 

63.68 

.01752 

1.298 

42.06 

204.72 

.0885 

.3933 

76 

80.94 

66.25 

.01756 

1.258 

42.82 

204.90 

.0899 

.3925 

7B 

B3.57 

68. B7 

.01760 

1.220 

43.59 

205.09 

.0913 

.3918 

BO 

B6.Z6 

71.56 

0.01764 

1.183 

44.36 

205.27 

0.0928 

0.3910 

B2 

B9.01 

74.31 

.01768 

1.148 

45.13 

205.45 

.0942 

.3902 

B4 

91. B2 

77.13 

.01773 

1.114 

45.90 

205.62 

.0956 

.3894 

B6 

94.70 

80.00 

.01778 

1.081 

46.67 

205.80 

.0970 

.3887 

88 

97.64 

82.94 

.01782 

1.049 

47.44 

205.96 

.0984 

.3879 

90 

100.6 

B5.95 

0.01786 

1.018 

48.21 

206.13 

0.0998 

0.3872 

92 

103.7 

89. DZ 

.01791 

.9889 

48.99 

206.30 

.1012 

.3867 

94 

106.9 

92.16 

.01796 

.9603 

49.77 

206.46 

.1026 

.3857 

96 

110.1 

95.37 

.01800 

.9333 

50.54 

206.62 

.1041 

.3850 

98 

113.4 

98.65 

.01804 

.9069 

51.32 

206.78 

.1055 

.3843 

100 

116.7 

102.0 

O.OIBOB 

0.8814 

52.09 

206.94 

0.1069 

0.3836 

120 

154.2 

139.5 

.01859 

.6710 

59.93 

208.39 

.1206 

.3768 

140 

199.6 

184.9 

.01915 

.5189 

67.87 

209.58 

.1341 

.3705 

160 

253.5 

238.8 

.01978 

.4070 

75.90 

210.56 

.1473 

.3646 


* Tnohea of mercury below one atmnphere. 




Tablo 2B. Methyl Chlorid^^PropertleB of Superheated Vapor 


remp 

PreBBUre B pBla 

PreBBUre 12 pela 

1 PreaBUTB 16 palm 

PreBBure 20 

pala 

SF) 

F 

(Sat tamp —34.5 F) 

(Sat temp -19.0 F) 

1 (Sat temp — 

7.2 F) 

(Sat tamp 2. 

( 

V 

h 


V 

h 

a 

0 

h 

a 

a 

h 

• 

at sat) 

(Jl.Off) 

(191.44) (0.4504) 

(7.557) 

(193.64) 

(0.4S99) 

(6.804) 

(196.28) (0.4SE6) 

(4.710) 

(197.68) (0.4B70) 

0 

12.01 

197.58 

0.4643 

7.943 

197.06 

0.4476 

5.907 

196.54 

0.4355 



10 

12.29 

199.42 

.4682 

8.131 

198.94 

.4516 

6.050 

198.45 

.4396 

4.BD1 

197.95 

.4300 

2D 

12.57 

201.26 

.4721 

8.318 

200.82 

.4555 

6.192 

200.37 

.4435 

4.917 

199.90 

.4341 

30 

12.84 

203.12 

.4760 

8.503 

202.70 

.4594 

6.333 

202.27 

.4474 

5.032 

201.82 

.4380 

40 

13.11 

204.97 

.4798 

8.688 

204.58 

.4632 

6.473 

204.18 

.4513 

5.146 

203.75 

.4420 

50 

13.39 

206.90 

0.4836 

8.873 

206.51 

0.4670 

6.613 

206.10 

.4552 

5.260 

205.71 

0.4458 

60 

13.66 

208.82 

.4873 

9.056 

208.43 

.4708 

6.753 

208.85 

0.4589 

3.373 

207.66 

.4496 

65 

13.79 

209.79 

.4891 

9.147 

209.41 

.4726 

6.823 

209.04 

.4608 

5.429 

208.66 

.4515 

70 

13.93 

210.76 

.4910 

9.239 

210.39 

.4745 

6.893 

210.03 

.4627 

5.486 

209.66 

.4534 

80 

14.21 

212.70 

.4946 

9.422 

212.35 

.4782 

7.033 

212.00 

.4664 

5.599 

211.65 

.4572 

90 

14.48 

214.68 

.4982 

9.605 

214.34 

.4818 

7.173 

214.01 

.4701 

5.711 

213.67 

.4608 

100 

14.75 

216.66 

0.5018 

9.788 

216.34 

0.4855 

7.311 

216.01 

.4737 

5.823 

215.69 

0.4645 

110 

15.02 

218.68 

.5054 

9.971 

218.37 

.4890 

7.449 

218.06 

0.4773 

5.935 

217.75 

.4681 

120 

15.29 

220.70 

.5089 

10.15 

220.40 

.4926 

7.587 

220.10 

.4809 

6.046 

219.80 

.4717 

130 

15.56 

222.75 

.5124 

10.34 

222. M 

.4961 

7.725 

222.18 

.4844 

6.157 

221.90 

.4753 

140 

15.83 

224.81 

.5159 

10.52 

224.54 

.4996 

7.863 

224.26 

.4879 

6.268 

223.99 

.4788 

150 

16.10 

226.90 

0.5193 

10.70 

226.64 

0.5030 

8.001 

226.83 

.4914 

6.379 

226.12 

0.4823 

160 

16.37 

228.99 

.5227 

10.88 

228.74 

.5065 

8.137 

228.49 

0.4949 

6.489 

228.34 

.4858 

170 

16.64 

231.12 

.5261 

11.06 

230.88 

.5099 

8.273 

230.64 

.4983 

6.599 

230.40 

.4892 

180 

16.91 

233.25 

.5295 

11.24 

233.02 

.5133 

8.409 

232.79 

.5017 

6.709 

232.56 

.4927 

190 

17.18 

235.41 

.5329 

11.42 

235.19 

.5166 

8.545 

234.97 

.5051 

6.819 

234.75 

.4961 

Temp 

PreBSure 30 psia 

PreBBUre 40 psia 

PresBure 50 psia 

PreBBure 60 psia 

F 

(Sat temp 21.4 F) 

(Sat temp 35.9 F) 

(Sat temp 47.8 F) 

(Sat temp 58.1 F) 

t 

v 

h 

8 

V 

h 

8 

V 

h 

a 1 


h 

a 

(at sat) 

(3.S£4) 

(1.9.1.00) 

(0.416.1) 

(S.461) 

(200.79) (0.4097) 

(1.D3X) 

(£02.09) ( 0 . 404 s) 1 

(1.676) 

(203.17) 

(0.3.198) 

60 

3.532 

206.70 

.4324 

2.608 

205.69 

.4196 

2.054 

204.65 

.4049 

1.684 

203.49 

.4008 

65 

3.571 

207.71 

.4343 

2.638 

206.73 

.4216 

2.079 

205.71 

.4114 

1.705 

204.60 

.4028 

70 

3.610 

208.73 

.4362 

2.668 

207.77 

.4236 

2.104 

206.77 

.4134 

1.727 

205.71 

.4049 

80 

3.687 

210.77 

.4400 

2.729 

209.84 

.4275 

2.154 

208.59 

.4174 

1.770 

207.92 

.4089 

90 

3.764 

212.82 

.4438 

2.788 

211.94 

.4313 

2.203 

211.03 

.4213 

1.812 

210.11 

.4129 

100 

3.840 

214.87 

0.4475 

2.847 

214.03 

0.4351 

2.252 

213.18 

0.4252 

1.854 

212.30 

0.4169 

110 

3.916 

216.96 

.4512 

2.906 

216.17 

.4389 

2.300 

215.35 

.4290 

1.895 

214.50 

.4208 

UO 

3.992 

219.06 

.4548 

2.964 

218.32 

.4426 

2.348 

217.62 

.4328 

1.936 

216.69 

.4246 

130 

4.067 

221.18 

.4585 

3.022 

220.46 

.4463 

2.396 

219.70 

.4366 

1.977 

218.93 

.4283 

140 

4.142 

223.30 

.4620 

3.080 

222.60 

.4499 

2.443 

221.88 

.4402 

2.017 

221.16 

.4322 

150 

4.217 

225.45 

0.4656 

3.138 

224.78 

0.4535 

2.490 

224.10 

0.4439 

2.057 

223.41 

0.4359 

160 

4.292 

227.61 

.4691 

3.195 

226.96 

.4570 

2.537 

226.32 

.4475 

2.097 

225.66 

.4396 

170 

4.367 

229.79 

.4726 

3.252 

229.18 

.4606 

2.584 

228.55 

.4511 

2.137 

227.92 

.4432 

180 

4.442 

231.97 

.4761 

3.309 

231.38 

.4641 

2.630 

230.79 

.4546 

2.176 

230.19 

.4468 

190 

4.517 

234.19 

.4795 

3.366 

233.62 

.4675 

2.676 

233.05 

.4581 

2.215 

232.48 

.4505 

200 

4.591 

236.40 

0.4829 

3.423 

235.86 

0.4710 

2.722 

235.32 

0.4616 

Z.Z54 

234.77 

0.4538 

210 

4.665 

238.65 

.4862 

3.479 

238.13 

.4744 

2.768 

237.61 

.4650 

Z.293 

237.08 

.4573 

220 

4.739 

240.90 

.4896 

3.535 

240.40 

.4778 

2.813 

239.90 

.4684 

2.331 

239.40 

.4608 

230 

4.813 

243.20 

.4929 

3.591 

242.72 

.4811 

Z.B53 

242.24 

.4718 

2.369 

241.75 

.4642 

240 

4.887 

245.50 

.4962 

3.647 

245.04 

.4845 

2.903 

244.58 

.4752 

2.407 

244.11 

.4676 

Temp 

PreBBUre 80 psia 

PreBBUre 100 psia 

PreBBUre 120 pBla 

PreBBure 140 psia 

F 

(Sat temp 75.3 F) 

(Sat temp 89.6 F) 

(Sat temp 101.9 F) 

(Sat temp IIZ.B F) 

t 

r 

h 

a 1 

V 

h 

■ 

V 

h 

■ 

« 

h 

a 

(rif ant) 

(l.e7£) 

(gflr>./i4) (0.33X8) 

(1.0X5) 

(XOB.Il) (0.987B) 1 

(0.858) 

(208.10) (0.S827) 

(0.8SS) 

(207.91) (0.3790) 

150 

1.516 

222.00 

0.4229 

1.191 

220.55 

0.4124 

0.974 

219.04 

0.4034 

0.818 

217.48 

0.3954 

160 

1.547 

224.32 

.4267 

1.217 

222.94 

.4163 

0.996 

221.51 

.4074 

.838 

220.03 

.3995 

170 

1.578 

226.64 

.4304 

1.243 

225.33 

.4201 

1.019 

223.97 

.4113 

.858 

222.56 

.4036 

IBO 

1.608 

228.96 

.4341 

1.268 

227.71 

.4239 

1.041 

226.42 

.4152 

.877 

225.09 

.4076 

190 

1.638 

231.30 

.4377 

1.293 

230.10 

.4276 

1.062 

2ZB.B8 

.4190 

.896 

227.61 

.4115 

200 

1.668 

233.65 

0.4413 

1.318 

232.50 

0.4312 

1.D83 

231.33 

0.4228 

.915 

230.13 

.4154 

210 

1.698 

236.01 

.4448 

1.343 

234.91 

.4349 

1.1D4 

233.79 

.4265 

.934 

232.65 

.4192 

220 

1.728 

238.37 

.4483 

1.367 

237.32 

.4384 

1.125 

236.25 

.4301 

.953 

235.17 

.4229 

230 

1.758 

240.77 

.4518 

1.391 

239.76 

.4420 

1.146 

238.74 

.4337 

.971 

237.70 

.4266 

240 

1.788 

243.16 

.4552 

1.415 

242.20 

.4455 

1.167 

241.22 

.4373 

.989 

240.23 

.4302 

250 

1.817 

245.56 

0.4586 

1.439 

244.63 

0.4489 

1.187 

243.69 

0.4408 

1.007 

242.73 

0.4338 

250 

1.846 

247.95 

.4620 

1.463 

247.06 

.4523 

1.207 

246.16 

.4443 

1.024 

245.24 

.4373 

270 

1.875 

250.37 

.4654 

1.487 

249.51 

.4557 

1.ZZ7 

248.64 

.4477 

1.042 

247.76 

.4407 

280 

1.904 

252.79 

.4687 

1.511 

251.96 

.4591 

1.247 

251.12 

.4511 

1.060 

250.28 

.4442 

290 

1.933 

255.24 

.4720 

1.534 

254.44 

.4624 

1.267 

253.64 

.4545 

1.077 

252.82 

.4476 

300 

1.961 

257.69 

0.4752 

1.557 

256.92 

0.4657 

1.2B7 

256.15 

0.4578 

1.094 

255.36 

0.4510 

310 

1.989 

260.17 

.4784 

1.580 

259.43 

.4589 

1.3D7 

258.67 

.4611 

1.111 

257.91 

.4543 

320 

2.017 

262.64 

.4816 

1.603 

261.93 

.4722 

1.327 

261.20 

.4643 

1.128 

260.46 

.4576 

33d 

2.045 

265.14 

.4848 

1.626 

264.45 

.4754 

1.346 

263.75 

.4676 

1.145 

263.04 

.4609 

340 

2.073 

267.64 

.4879 

1.649 

266.97 

.4786 

1.365 

266.29 

.4708 

1.162 

265.61 

.4641 


!185] 






^^60 -50 -40 ^30 -20 -10 0 io 65 7^ 75 BO BS 90 95 ioo 105 ilO Hs IZO 125 

ENTHALPY BTU PER LB EDITED BY H.D.EDWAHDS 
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Table 29. Nitrous Oxide—Properties of Liquid and Saturated Vapor 


Temp 

F 

t 

PreSBure 

Liquid, 

density 

Vapor, 
ap vol 

Enthalpy, datum BO F 
Btu per lb 

Entropy, datum BO F 
Btu per lb F 

pBia 

pBig 

Ib/cu ft 

1/w/ 

cu ft/Ib 

Liquid 

V 

Vapor 

hg 

Liquid 

V 

Vapor 

-127 

14.7 

O.O 

BO.O 

5.5 

-9B.5 

63. B 


1.33 

-120 

19.0 

4.3 

79.0 

4.25 

-96.6 

64.5 


1.312 

-110 

26.0 

11.3 

77.5 

3.IB 

-93.B 

65.7 


1.3105 

-100 

35.0 

20.3 

76.0 

2.3B 

-90.7 

66.7 


1.3029 

- 90 

46.0 

31.3 

75.0 

1.82 

-87.2 

68.0 


1.2966 

- BO 

5B.0 

42.3 

74.0 

1.43 

-B3.7 

6B.9 


1.2BB7 

- 70 

74.0 

59.3 

72.5 

1.15 

—79.B 

70.0 


1.2B35 

- 60 

91.0 

76.3 

70.5 

0.935 

-75. B 

70.7 


1.2775 

- 50 

112.0 

97.3 

69.3 

0.752 

-71.B 

71.5 


1.2722 

- 40 

137.0 

122.3 

6B.0 

0.606 

-67.5 

72.2 


1.2657 

- 30 

167.0 

152.3 

67.0 

0.513 

-63.2 

72.7 


1.2595 

- 20 

203.0 

IBB.3 

65.5 

0.425 

-58.7 

73.2 


1.2530 

- ID 

240.0 

225.3 

64.7 

0.364 

-54.2 

73.5 


1.2455 

0 

2B3.0 

268.3 

63.1 

0.303 

-49.4 

73.6 


1.2365 

10 

335.0 

320.3 

61.2 

0.262 

-44.B 

73.7 


1.2300 

20 

387.0 

372.3 

59.2 

0.217 

-39.8 

73.6 


1.2243 

32 

460.0 

447.3 

57.0 

0.17B5 

-33.3 

73.5 

l.DD 

1.21BD 

40 

520.0 

505.3 

54.7 

0.160 

-2B.2 

73.3 



50 

590.0 

575.3 

52.3 

0.138 

-21.1 

72.6 



60 

675.0 

660.3 

49.2 

0.119 

-14.2 

72.0 



70 

760.0 

745.3 

46.5 

0.106 

- 7.0 

70.7 



BO 

865.0 

B50.3 

40.0 

O.OB 

0.0 

69.0 



97 

1069.0 

1054.3 

26.5 

0.0377 

66.5 

66.5 




Table 30. Specific Volume of Aqua-Ammonia Solutions* 

Cu ft per lb uf Biibcorilijil i)r Baturutinl liquid 


Weight Concentration Ammonia in Water 


Temp F 

0.00 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1 .DO 

Temp F 

20 

.0160 

.0166 

.0172 

.0177 

.0182 

.0188 

.0196 

.0206 

.0218 

.0232 

.0247 

20 

40 

.0160 

.0167 

.0172 

.0178 

.0183 

.0190 

.0199 

.0209 

.0222 

.0236 

.0253 

40 

60 

.0160 

.0167 

.0173 

.0179 

.0185 

.0192 

.0201 

.0213 

.0226 

.0242 

.0260 

60 

80 

.0161 

.0168 

.0174 

.0180 

.0186 

.0195 

.0204 

.0216 

.0231 

.0248 

.0267 

80 

100 

.0161 

.0169 

.0175 

.0182 

.0189 

.0197 

.0208 

.0221 

.0236 

.0254 

.0275 

IDO 

120 

.0162 

.0170 

.0176 

.0184 

.0101 

.0200 

.0212 

.0226 

.0242 

.0262 

.0284 

120 

140 

.0163 

.0171 

.0178 

.01B6 

.0194 

.0204 

.0216 

.0230 

.0249 

.0269 

.0294 

140 

160 

.0164 

.0172 

.0180 

.0188 

.0197 

.0207 

.0223 

.0237 

.0256 

.0279 

.0306 

16D 

IBO 

.0165 

.0174 

.0182 

.0191 

.0200 

.0212 

.0226 

.0244 

.0265 

.0289 

.0320 

180 

200 

.0166 

.0175 

.0184 

.0193 

.0204 

.0216 

.0232 

.0252 

.0275 

.0304 

.0338 

200 

220 

.0168 

.0177 

.0186 

.0197 

.0210 

.0225 

.0242 

.0264 

.02BB 

.0320 

.0361 

220 


* rre-parnd by R. IT. JminiiiKB and F. P. Sbuiinoii. 
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Table 31. Propan^Properties of Liquid and Saturated Vapor 


Temp 

F 

1 

PresBurs 

Liquid. 

density 

Vapor, 

BP vol 

Enthalpy,** datum —200 F 
Btu per lb 

Entropy,** datum —200 F 
Btu per lb F 

PbIi 

pBig 

Ib/cu ft 

l/Vf 

cu ft/lb 

Lij[uld 

Vap^r 

hg 

Liquid 

V 

Vapor 

Sg 

-75 

6.37 

17.0* 

37.59 

14.5 

65.5 

255.5 

0.142 

0.624 

-70 

7.37 

14.9* 

37.40 

12.9 

68.0 

257.0 

.148 

.623 

-65 

B.4B 

12.7* 

37.20 

11.3 

71.5 

258.0 

.154 

.621 

-60 

9.72 

10.1* 

37.00 

9.93 

74.0 

259.5 

.160 

.620 

-55 

11.1 

7.3* 

36.80 

8.70 

77.0 

261.0 

.167 

.618 

-50 

12.6 

4.3* 

36.60 

7.74 

79.5 

262.7 

0.173 

0.617 

-45 

14.4 

0.6* 

36.39 

6.89 

82.3 

264.2 

.179 

.615 

-40 

16.2 

1.5 

36.19 

6.13 

85.0 

265.8 

.185 

.614 

-35 

18.1 

3.4 

35.99 

5.51 

87.5 

267.2 

.190 

.613 

-30 

20.3 

5.6 

35.78 

4.93 

90.2 

268.9 

.196 

.612 

-25 

22.7 

8.0 

35.58 

4.46 

92.8 

270.3 

0.202 

0.610 

-20 

25.4 

10.7 

35.37 

4.00 

95.6 

271.8 

.208 

.608 

-15 

28.3 

13.6 

35.16 

3.60 

98.3 

273.2 

.214 

.607 

-10 

31.4 

16.7 

34.96 

3.26 

101.0 

274.9 

.220 

.607 

- 5 

34.7 

20.0 

34.75 

2.97 

103.8 

276.2 

.226 

.606 

0 

38.2 

23.5 

34.54 

2.71 

106.2 

277.7 

0.231 

0.605 

+ 5 

41.9 

27.2 

34.33 

2.48 

108.8 

279.0 

0.236 

0.604 

10 

46.0 

31.3 

34.12 

2.27 

113.3 

280.5 

.246 

.603 

15 

50.6 

35.9 

33.90 

2.07 

114.0 

281.8 

.'^48 

.602 

20 

55.5 

40.8 

33.67 

1.90 

116.8 

283.1 

.254 

.601 

25 

60.9 

46.2 

33.43 

1.74 

119.7 

284.4 

.260 

.600 

30 

66.3 

51.6 

33.20 

1.60 

122.3 

285.7 

0.266 

0.599 

35 

72.0 

57.3 

32.97 

1.48 

125.0 

287.0 

.272 

.598 

40 

78.0 

63.3 

32.73 

1.37 

128.0 

286.3 

.278 

.597 

45 

84.6 

69.9 

32.49 

1.27 

131.1 

289.5 

.285 

.596 

50 

91.8 

77.1 

32.24 

I.IB 

134.2 

290.7 

.292 

.596 

55 

99.3 

84.6 

32.00 

1.10 

137.2 

292.0 

0.298 

0.596 

60 

107.1 

92.4 

31.75 

1.01 

140.6 

293.2 

.306 

.595 

65 

115.4 

100.7 

31.50 

0.945 

143.8 

294.5 

.313 

.594 

70 

124.0 

109.3 

31.24 

.883 

147.5 

295.8 

.321 

.594 

75 

133.2 

118.5 

30.97 

.825 

15D.3 

296.9 

.327 

.594 

80 

142.8 

128.1 

30.70 

0.770 

154.0 

298.1 

0.335 

0.593 

85 

153.1 

138.4 

30.42 

.722 

157.0 

299.2 

.342 

.593 

90 

164.0 

149.0 

30.15 

.673 

160.3 

300.3 

.349 

.593 

95 

175.0 

160.0 

29.87 

.632 

163.4 

301.3 

.356 

.592 

100 

187.0 

172.0 

29.58 

.591 

166.8 

302.4 

.363 

.592 

105 

200.0 

185.0 

29.27 

0.553 

169.8 

303.2 

0.370 

0.592 

110 

212.0 

197.0 

28.96 

.520 

172.8 

304.0 

.376 

.591 

115 

226.0 

211.D 

28.63 

.488 

176.2 

304.7 

.383 

.590 

120 

240.0 

225.0 

28.30 

.459 

179.8 

305.2 

.391 

.589 

125 

254.0 

239.0 

27.97 

.432 

183.5 

305.8 

.399 

.588 

130 

272.0 

257.3 

27.64 

0.404 

186.8 

306.1 

0.406 

0.587 

135 

288.0 

273.3 

27.32 

.382 

190.0 

306.3 

.413 

.586 

140 

305.0 

290.3 

27.00 

.360 

194.0 

306.5 

.422 

.585 


Based gn material from Dana, Jenkins, Burdick and Timm, published originally in R ft frigerating Engineering, 
June 1026, vol. 12, no. 12, page 403. 

* Inches of mercury below one standard atmosphere (20.02 in.). 

** From Moilier Diagrams for Propane, W. C. Edminstor, Standard Oil Go. (Indiana). 
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Table 32. Sulfur Dloxide—Propertles of Liquid and Saturated Vapor 


Temp 

F 

PreBBiire 

Liquid, 

Bp VdI 

Vapor, 

Bp vol 

Enthalpy, datum —40 F 

1 Btu per lb 1 

Entrepy, datum — 
Btu per lb F 

40 F 

t 

psla 

PbIk 

cu ft/lb 

V 

cu ft/lb 

Lij^uid 

Vapor 

hg 

Liquid 

■/ 

Evap 

Vapor 

-40 

3.136 

23.53* 

0.01044 

22.42 

0.00 

178.61 

0.00000 

0.42562 

0.42562 

-30 

4.331 

21.10* 

.01053 

16.56 

2.93 

179.90 

.00674 

.41190 

.41864 

-20 

5.883 

17.94* 

.01063 

12.42 

5.98 

181.07 

.01366 

.39826 

.41192 

-10 

7.B63 

13.91* 

.01072 

9.44 

9.16 

1BZ.13 

.02075 

.38469 

.40544 

D 

10.35 

8.85* 

0.01082 

7.2B0 

12.44 

183.07 

0.02795 

0.37122 

0.39917 

2 

10.91 

7.71* 

.01084 

6.923 

13.12 

1B3.25 

.02941 

.36853 

.39794 

4 

11.50 

6.51* 

.01086 

6.584 

13.78 

183.41 

.03084 

.b65B6 

.39670 

5t 

11.81 

5.88* 

0.D10B7 

6.421 

14.11 

183.49 

0.03155 

0.36454 

0.39609 

6 

12.12 

5.25* 

.01088 

6.266 

14.45 

183.57 

.D3Z2B 

.36319 

.39547 

B 

12.75 

3.97* 

.01090 

5.967 

15.13 

1B3.73 

.03373 

.36053 

.39426 

10 

13.42 

2,61* 

0.01092 

5.682 

15.80 

183.87 

0.03519 

0.35787 

0.39306 

11 

13.77 

1.89* 

.01093 

5.548 

16.14 

183.94 

.03592 

.35654 

.39246 

12 

14.12 

1.18* 

.01094 

5.417 

16.48 

1B4.01 

.03664 

.35521 

.39185 

13 

14.48 

0.45* 

.01095 

5.289 

16.81 

184.07 

.03737 

.35388 

.39125 

14 

14.84 

0.14 

.01096 

5.164 

17.15 

184.14 

.03808 

.35257 

.39065 

15 

15.21 

0.51 

0.01097 

5.042 

17.49 

184.21 

0.03BB0 

0.35125 

0.39005 

16 

15.59 

0.89 

.01098 

4.926 

17.84 

184.ZB 

.03953 

.34993 

.38946 

17 

15.98 

1.2B 

.01099 

4.812 

18.18 

184.34 

.04026 

.34861 

.38887 

18 

16.37 

1.67 

.01100 

4.701 

18.52 

184.40 

.04098 

.34729 

.38827 

19 

16.77 

2.07 

.01101 

4.593 

18.86 

1B4.46 

.04169 

.34598 

.38767 

20 

17.IB 

2.4B 

0.01102 

4.4B7 

19.20 

1B4.5Z 

0.04241 

0.34466 

0.38707 

21 

17.60 

2.90 

.01104 

4.386 

19.55 

1B4.5B 

.04313 

.34335 

.38648 

22 

18.03 

3.33 

.01105 

4.287 

19.90 

184.64 

.04385 

.34204 

.38589 

23 

IB.46 

3.76 

.01106 

4.190 

20.24 

184.69 

.04457 

.34073 

.38530 

24 

1B.B9 

4.19 

.01107 

4.096 

20.58 

184.74 

.04528 

.33943 

.38471 

25 

19.34 

4.64 

0.01108 

3.994 

20.92 

1B4.79 

0.04600 

0.33812 

0.38412 

26 

19.80 

5.10 

.01109 

3.915 

21.26 

184.84 

.04671 

.33683 

.38354 

27 

20.26 

5.56 

.OHIO 

3.829 

21.61 

184.89 

.04743 

.33553 

.38296 

2B 

20.73 

6.03 

.01112 

3.744 

21.96 

184.94 

.04814 

.33422 

.38236 

29 

21.21 

6.51 

.01113 

3.662 

22.30 

184.98 

.04886 

.33292 

.38178 

30 

21.70 

7.00 

0.01114 

3.5BI 

22.64 

185.02 

0.04956 

0.33163 

0.38119 

31 

22.20 

7.50 

.01115 

3.503 

22.98 

IBS.06 

.05027 

.33034 

.38061 

32 

22.71 

8.01 

.01116 

3.437 

23.33 

185.10 

.05099 

.32904 

.38003 

33 

23.23 

8.53 

.01118 

3.355 

23.68 

1B5.14 

.05171 

.32774 

.37945 

34 

23.75 

9.05 

.01119 

3.283 

24.03 

1B5.1B 

.05242 

.32645 

.37887 

35 

24.28 

9.5B 

0.01120 

3.212 

24.38 

185.22 

0.05312 

0.32517 

0.37829 

40 

27.10 

12.40 

.01126 

2.BB7 

26.12 

185.37 

.05668 

.31873 

.37541 

45 

30.15 

15.45 

.01132 

2.601 

Z7.B6 

185.4B 

.06020 

.31234 

.37254 

50 

33.45 

18.75 

.01138 

2.34B 

29.61 

185.56 

.06370 

.30599 

.36969 

55 

37.05 

22.35 

0.01144 

2.124 

31.36 

185.60 

0.06715 

0.29971 

0.36686 

60 

40.93 

26.23 

.01150 

1.926 

33.10 

1B5.59 

.07060 

.29345 

.36405 

65 

45.13 

30.43 

.01156 

1.749 

34. B4 

185.54 

.07401 

.28724 

.36125 

70 

49.62 

34.92 

.01163 

1.590 

36.58 

185.46 

.07736 

.28110 

.35846 

75 

54.47 

39.77 

.01169 

1.44B 

38.32 

1B5.34 

.08070 

.27498 

.35568 

BO 

59.6B 

44.9B 

0.01176 

1.321 

40. d5 

1B5.17 

0.08399 

0.26897 

0.35296 

B1 

60.77 

46.07 

.01177 

1.297 

40.39 

1B5.13 

.08462 

.26772 

.35234 

B2 

61. BB 

47.18 

.01179 

1.274 

40.73 

185.09 

.08525 

.26652 

.35177 

B3 

63.01 

48.31 

.01180 

1.253 

41.08 

185.05 

.0B5B9 

.26532 

.35121 

B4 

64.14 

49.44 

.01181 

1.229 

41.43 

185.01 

.08653 

.26412 

.35065 

85 

65.28 

50.58 

0.01183 

1.207 

41.78 

184.97 

0.0B71B 

0.26291 

0.35009 

B6t 

66.45 

51.75 

.01184 

1.185 

4Z.IZ 

184.92 

.08783 

.26171 

.34954 

B7 

67.64 

52.94 

.01185 

1.164 

42.46 

184.87 

.08847 

.26052 

.34899 

BB 

68.84 

54.14 

.01187 

1.144 

42.80 

1B4.B2 

.08910 

.25993 

.34843 

89 

70.04 

55.34 

.01188 

1.124 

43.15 

184.77 

.08974 

.25813 

.34787 

90 

71.25 

56.55 

0.01190 

1.104 

43.50 

184.72 

0.09038 

0.25693 

0.34731 

95 

77.60 

62.90 

.01196 

1.011 

45.20 

184.43 

.09349 

.25103 

.34452 

lOO 

B4.52 

69.82 

.01204 

0.9Z6Z 

46.90 

1B4.10 

.09657 

.24516 

.34173 

110 

99.76 

85.06 

.01219 

.7804 

50.26 

183.31 

.10254 

.23357 

.33611 

120 

120.93 

106.23 

.01236 

.6598 

53.58 

1B2.36 

.10829 

.22217 

.33046 

140 

15B.61 

143.91 

.01272 

.4758 

60.04 

179.94 

.11893 

.19990 

.31883 


* InchcB of mcroury below one Btandard aimoBphDrc. 
t Standard cycle temperaturcB. 

Note—For valucB used in makinK chart No. IB see TransactionB ol American Institute of Chemical EnginBerB, vol. 41, 
no. 3, June 2S, 1946. 
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Table 33. Sulfur Dioxide^PropertiBB of Suporheated Vapor 


Temp 

F 

PreBBure ID pBla 

Gbeb preBBure 9.6 in. vhc 
(Sat temp — 1.34F) 

Ptbbsutb 15 pain 

Gage presBure 0.3 Mlg 
(Sat temp 14.43 F) 

PreSBure 20 psla 

Gage preBBure 5.3 pslg 
(Sat temp 26.44 F) 

Pressure 25 psla 

Gage pressure 10.3 pslg 
(Sat temp 36.33 F) 

t 

B 

h 

1 

V 

h a 

■ 

h 

■ 

V 

h 

s 

{at aat) 

{7.61!) 

{182.96) 

{ 0 . 4000 ) 

[5.110) 

[186.17) {0.39091) 

(S.fi75) 

(184.86) (0.38329) 

(3.123) 

(186.26) (0.37764) 

ZO 

7.939 

1B6.7 

0.40BD2 

5.192 

1B5.4 0.39270 







3D 

B.03D 

IBB.4 

.41159 

5.333 

1B7.3 .39672 







40 

8.316 

190.1 

.41505 

5.470 

189.2 .40054 

4.035 

187.8 

0.3B959 

3.181 

186.1 

0.37927 

50 

B.500 

191.B 

.41B37 

5.604 

191.0 .40424 

4.145 

1B9.B 

.39346 

3.273 

188.4 

.38372 

60 

B.6B1 

193.5 

.42161 

5.734 

192.B .40777 

4.251 

191.B 

.39719 

3.363 

190.6 

.38795 

70 

B.B60 

195.2 

0.424BO 

5.B62 

195.6 0.41116 

4.354 

193.7 

0.40080 

3.451 

192.7 

0.39198 

BO 

9.038 

196.9 

.42795 

5.9BB 

196.4 .41443 

4.454 

195.6 

.40429 

3.536 

194.7 

.39582 

90 

9.214 

19B.6 

.43104 

6.112 

19B.2 .41765 

4.552 

197.5 

.40758 

3.61B 

196.7 

.39945 

IDO 

9.3B9 

200.3 

.43407 

6.233 

199.9 .42076 

4.64B 

199.3 

.41093 

3.696 

198.6 

.40291 

110 

9.563 

202.0 

.43705 

6.353 

210.6 .423B3 

4.742 

201.1 

.41415 

3.772 

200.5 

.40625 

12d 

9.736 

203.7 

0.43997 

6.471 

203.3 0.42682 

4.B34 

202.9 

0.41726 

3.848 

202.4 

0.40949 

130 

9.9DB 

205.4 

.442B3 

6.5BB 

205.6 .42976 

4.925 

204.7 

.42027 

3.923 

204.2 

.41261 

140 

10.08 

207.1 

.44565 

6.705 

206.7 .43264 

5.015 

206.5 

.42322 

3.998 

206.0 

.41568 

150 

10.25 

ZQB.B 

.44842 

6.B21 

20B.4 .43548 

5.104 

20B.2 

.42613 

4.073 

207.8 

.41866 

160 

10.42 

210.5 

.45116 

6.937 

210.1 .43825 

5.193 

209.9 

.42898 

4.145 

209.6 

.42158 

170 

10.59 

212.2 

0.45296 

7.052 

211.8 0.44097 

5.281 

211.6 

0.43176 

4.216 

211.4 

0.42439 

IBO 

10.76 

213.B 

.45651 

7.167 

213.5 .44366 

5.369 

213.3 

.43449 

4.ZB7 

213.2 

.42717 

190 

10.93 

215.4 

.45913 

7.2B2 

215.2 .44630 

5.456 

215.0 

.43716 

4.358 

215.0 

.429BB 

ZOO 

11.10 

217.0 

.46171 

7.396 

216.9 .44889 

5.542 

216.7 

.43977 

4.428 

216.7 

.43253 

210 






5.629 

21B.4 

.44234 

4.498 

21B.4 

.43413 


PreBBure 40 pBia 

Pressure 50 psla 

PreBBure 60 psla 

Pressure 70 paia 

P 

Gage pressure 25.3 psig 

Gage pressure 35.3 pslg 

Gage preBBurr 45.3 psig 

Gage pressure 55.3 pslg 


(Sat temp 5B.B3 F) 

(Sat temp 70.40 F) 

(Sat temp 80.29 F) 

(Sst temp 88.97 F) 

t 

v 

h 

a 

0 

h a 

V 

h 

a 

p 

h 

1 

(at sat] 

I.!)70 

{186.60) {0.36470) 

{1.677) 

{186.46) (0.36826) 

{1.3144) 

(186.18) (0.36272) I 

(1.126) 

(184.77) (0.94789) 

100 

2.246 

196.1 

0.38415 

1.650 

193.9 0.37369 

1.448 

191.4 

0.36403 

1.181 

187.6 

0.35443 

110 

2.304 

19B.3 

0.3BB10 

1.825 

196.4 0.37B15 

1.500 

194.3 

0.36906 

1.Z2B 

191.6 

0.36020 

120 

2.360 

200.4 

.391B3 

1.B72 

19B.B .3B234 

1.548 

197.0 

.37375 

1.272 

194.8 

.36545 

130 

2.413 

202.5 

.39541 

1.917 

201.1 .38627 

1.590 

199.5 

.37810 

1.313 

197.6 

.3702B 

140 

2.465 

204.6 

.39BB1 

1.961 

203.3 .3B99B 

1.629 

201.9 

.38217 

1.352 

200.3 

.37478 

150 

2.515 

206.5 

.40209 

2.003 

205.4 .39353 

1.669 

204.2 

.38603 

1.389 

202.9 

.37B97 

160 

2.565 

208.5 

0.40525 

2.044 

207.5 0.39691 

1.708 

206.5 

0.3B963 

1.424 

205.3 

0.3B291 

170 

2.614 

210.4 

.40831 

2.DB4 

209.6 .40015 

1.744 

208.6 

.39310 

1.457 

207.6 

.38662 

IBO 

2.662 

212.3 

.41127 

2.123 

211.6 .40327 

1.778 

210.7 

.39639 

1.4B9 

209.9 

.39014 

190 

2.709 

214.2 

.41416 

2.161 

213.4 .40628 

l.BOB 

212.8 

.39956 

1.521 

212.0 

.39348 

ZOO 

2.755 

216.0 

.41694 

2.199 

215.4 .40919 

1.842 

214.8 

.40260 

1.551 

214.1 

.39670 

210 

2. BOO 

217.9 

0.41966 

2.237 

217.3 0.41200 

1.874 

216.B 

0.40554 

1.580 

216.1 

0.39978 

220 

2.B45 

219.7 

.42233 

2.274 

219.2 .41477 

1.907 

218.7 

.40839 

1.608 

ZlB.l 

.40275 

230 

2.BB9 

221.5 

.42494 

2.311 

221.1 .41748 

1.939 

220.7 

.41118 

1.636 

220.1 

.40564 

240 

2.933 

223.3 

.42751 

2.347 

223.0 .42015 

1.970 

222.6 

.41391 

1.664 

222.1 

.40845 

Z5d 

2.977 

225.1 

.43007 

2.3B3 

224.9 .42275 

2.000 

224.5 

.41657 

1.691 

224.1 

.41120 

260 

3.021 

227.0 

0.43262 

2.41B 

226.7 0.42535 

2.032 

226.4 

0.41917 

1.718 

226.0 

0.41389 

Temp 

1? 

Pressure BO psla 

Pressure 100 psla 

PreBBure 120 psla 

Pressure 140 psla 

Gage pressure 65.3 pslg 

Gage pressure B5.3 psig 

Gage pressure 105.3 pslg 

Gage preBBure 125.3 psig 

r 


(Sat temp 110.15 F) 

(Sat temp 121.52 F) 

(Sat temp 131.64 F) 

t 

V 

h 

a 

t 

h a 

p 

h 

a 

p 

h 

■ 

(at sat) 

{Q.9809) 

{184.93) [0.34357) 

{0.7786) 

(183.30) (0.33603) 

{0.6430) 

(182.19) (0.99964) 

(0.6461) 

(181.04) (0.32388) 

140 

1.163 

19B.6 

0.36B19 

D.B92B 

194.6 0.35528 

0.70B5 

190.1 

0.34264 

0.5734 

185.1 

0.33089 

150 

1.199 

201.3 

0.37270 

0.9255 

197.9 0.36061 

0.7403 

193.9 

0.34904 

0.6055 

189.7 

0.33777 

160 

1.232 

203.9 

.37692 

0.9561 

200.9 .3655B 

0.7700 

197.4 

.35484 

0.6345 

193.6 

.34442 

170 

1.263 

206.4 

.3B093 

0.9B4B 

203.7 .37009 

0.7972 

200.6 

.36012 

0.6613 

196.3 

.35041 

IBO 

1.292 

208.7 

.38461 

1.012 

206.4 .37431 

D.BZBB 

203.7 

.36494 

0.6861 

ZOO. 8 

.355BB 

190 

1.320 

211.0 

.3B813 

1.Q3B 

209.0 .37829 

0.8470 

206.7 

.36936 

0.7092 

204.0 

.36088 

200 

1.347 

213.3 

0.39150 

1.062 

211.5 0.38203 

0.B699 

209.4 

0.3734B 

0.7309 

207.1 

0.36548 

210 

1.374 

215.5 

.39471 

1.086 

213.8 .38556 

0.8916 

212.0 

.37737 

0.7513 

210.0 

.36976 

220 

1.400 

217.5 

.397B0 

1.109 

216.1 .38892 

0.9124 

214.5 

.3B104 

0.7707 

212.7 

.37379 

230 

1.426 

219.6 

.40079 

1.131 

218.4 .39214 

0.9342 

217.0 

.38451 

0.7B92 

215.4 

.37758 

240 

1.451 

221.6 

.40369 

1.152 

220.5 .39524 

0.9515 

219.3 

.38785 

0.8070 

217.9 

.38118 
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Table 34. Properties of Liquid and Saturated Vapor of Ethylamine, 
Metbylamine, Methylene Chloride, Methyl Formate 


PreBBure 

Liquid, 

■p vol 

Vapor, ] 
Bp vol 

Enthalpy, datum 0 F 
Btu per lb 

Entropy, datum 0 F 

Btu per lb F 

pBia 

PBIK 

cu ft/lb 

*/ 

cu fC/lb 

Vff 

Liquid 

V 

Vapor 

hff 

1 Liquid 

! ■/ 

Vapor 

00 


Ethylamine (C 2 HiiNH 2 ) 


-5B 

.355 

29.20* 


270.8 

-7.82 

284.78 

-0.0263 

0.7094 

-40 

0.740 

28.42* 


134.5 

0.00 

290.93 

.0000 

.6931 

-22 

1.408 

27.06* 


72.87 

10.93 

296.84 

.0253 

.6788 

- 4 

2.546 

24.75* 


41.71 

23.01 

303.05 

.0498 

.6664 

5 

3.342 

23.12* 

0.02212 

32.32 

27.61 

306.04 

.0619 

.6609 

23 

5.590 

18.76* 


20.00 

38.91 

311.92 

0.0857 

0.6512 

41 

8.960 

11.72* 


12.88 

50.36 

317.70 

.1091 

.6430 

6B 

16.896 

2.20 


7.156 

68.18 

326.50 

.1437 

.6332 

86 

24.72 

10.02 


5.039 

80.50 

332.46 

.1664 

.6281 

113 

41.49 

26.79 


3.136 

99.52 

341.44 

.1999 

,6223 


M ethylamine (CHaNH^) 


-58 

1.322 

27.24* 


98.93 

-12.4 

374.8 

-0.D5D3 

0.9135 

-40 

2.532 

25.14* 


56.72 

0.0 

381.7 

.0000 

.9092 

-22 

4.551 

20.67* 


32.56 

12.7 

388.4 

.0294 

.8877 

- 4 

7.78 

14.12* 


19.84 

Z5.7 

395.0 

.0586 

.8689 

5 

10.03 

9.89* 

0.02273 

15.54 

32.6 

398.5 

.0731 

.8603 

23 

15.99 

1.29 


10.01 

45.6 

404.3 

D.1D15 

0.8443 

41 

24.49 

9.79 


6.796 

59.2 

410.1 

.1292 

.8300 

68 

43.52 

2B.B2 


3.985 

80.2 

418.8 

.1698 

.8115 

86 

61.53 

46.83 


2.962 

94.5 

424.4 

.1963 

.8008 

113 

98.76 

84.06 


1.867 

116.9 

432.6 

.2360 

.7873 


Methyl Formate (C 2 H 4 O 2 ) 


0 

1.50 

26.87* 


54.0 

0 

232.5 

0.0000 

0.5075 

20 

2.70 

24.43* 


31.0 

ID.3 

236.6 

.0219 

.4934 

40 

4.66 

20.45* 


18.9 

20.6 

240.7 

.0432 

.4837 

60 

7.61 

14.44* 


12.0 

30.9 

244. B 

.0633 

.4748 

80 

12.07 

24.55* 


7.98 

41.2 

248.8 

.0825 

.4670 

100 

18.26 

3.56 


5.38 

51.5 

252.9 

0.1015 

0.4615 

120 

27.24 

12.54 


3.74 

61.8 

257.0 

.1192 

.4559 

140 

38.41 

23.71 


2.65 

72.1 

261.0 

.1375 

.4525 


Methylene Chloride (Carrene) (CH 2 CI 2 ) 


10 

1.38 

27.12* 


42.55 

3.4 

164.4 

0.0072 

0.3502 

20 

1.92 

26.01* 


31.40 

6.8 

165.6 

.0151 

.3461 

30 

2.56 

24.71* 


23.90 

10.2 

166.9 

.0222 

.3425 

40 

3.38 

23.04* 


18.60 

13.6 

168.0 

.0285 

.3377 

60 

5.52 

18.72* 


11.68 

20.4 

170.1 

.0410 

.3292 

80 

8.81 

12.02* 


7.50 

27.2 

172.0 

0.0520 

0.3202 

100 

13.25 

2.97* 


5.14 

34.0 

173.7 

.0620 

.3113 

120 

19.20 

4.50 


3.65 

40.8 

175.0 

.0714 

.3031 

140 

26.79 

12.09 


2.69 

47.6 

176.0 

.0795 

.2935 


* Inr.hni of mercury below one nlandnrd Htmospherc;. 
8bb Table 0. 












8. REFRIGERANT CHARACTERISTICS 


IN THE early days of nieclianiual re- 
^ frigeration, few chemical compounds 
were available that were suitable as re¬ 
frigerants and the types of refrigerating 
equipment were necessarily limited to 
those that could be used with those few 
refrigerants. As the industry grew, as new 
uses for refrigeration appeared, and as dif¬ 
ferent types of equipment were designed, 
the desirability of new refrigerants more 
suitable to those uses and equipment de¬ 
signs became more evident. 

The use of mechanical refrigeration in 
the home and in retail businesses called for 
a low-pressure refrigerant to permit lighter, 
smaller, and lower priced equipment; sul¬ 
fur dioxide and later ethyl chloride and 
methjd chloride made their appearance. 
The need for a refrigerant having high 
vapor density, low ratio of compression, 
and other characteristics suitable for a 
centrifugal compressor led to the intro¬ 
duction of meth.ylene chloride. 

Finally, physical chemists exploring the 
field of the hydrocarbons of the methane 
and ethane series, found that by juggling 
the atoms of these hydrocarbons, sub¬ 
stituting chlorine and/or fluorine atoms for 
hydrogen atoms, they* could synthesize 
almost any type of refrigerant needed for a 
specific use or for a specific type of equip¬ 
ment. These halogcnated hydrocarbons are 
supplied to the industry under the trade 
name Freon. 

And yet the search goes on, with the 
trend toward non-flammable, non-toxic, 
odorless refrigerants of greater stability, 
even though these characteristics may be 
obtained at the expense of efficiency, 
horsepower-per-ton, and coefficient of per¬ 
formance, for these differ so little among 
the commonly used refrigerants that con¬ 
siderations of safety, stability, boiling 
point, condensing pressure and other prop¬ 
erties suitable to a speciflc application are 
apt to be more compelling, especially for 


tlie smaller, automatic equipment. In the 
larger installations attended by operating 
personnel, the factors affecting operating 
costs and the size and original cost of the 
equipment, including piping, may out¬ 
weigh toxicity, ffammability, odor, and 
even corrosion factors. No one refrigerant 
may be considered as a universal ideal, 
and many angles must be considered in de¬ 
termining the suitability of a refrigerant 
for a specific application nr for a specific 
type of equipment. 

Refrigerant suitability for a specific ap¬ 
plication or use should be determined by 
comsideration of (1) thermodynamic, phys¬ 
ical and chemical properties; (2) reaction 
with moisture; (3) leak detection; (4) ac¬ 
tion on materials; (5) safety considerations 
and codes; (6) cost; (7) type of compres¬ 
sor; and (8) methods of handling. 

I. Thermodynamic, Physical and 
Chemical Properties (Tables 
1, 2 and 3) 

1. Boiling temperature and pressure. 

Inasmuch as the evaporator temperature 
determines the evaporator pressure, it is 
desirable to select a refrigerant whose 
saturation pressure at minimum evapo¬ 
rator operating temperature is slightly 
above zero gage, in order to maintain a 
small positive differential between suction 
(and crankcase) pressure, and atmospheric 
pressure. Probability of leakage of refrig¬ 
erant from the system or of air and/or 
moisture into the low-pressure side of the 
system, especially at the compressor shaft 
seal, is less with the smaller pressure dif¬ 
ferentials. This factor will require less 
consideration if the motor-compressor unit 
is of the hermetically-sealed type, but 
cannot be ignored even in the sealed con¬ 
struction. 

2. Freezing temperature. The refriger¬ 
ant used must have a freezing temperature 
well below the minimum temperature at 
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which the evaporator may possibly oper¬ 
ate. 

3. Condensing temperature and pres¬ 
sure. In installations designed for a specific 
location with known temperature limits of 
the condensing medium, the refrigerant to 
be used may be more accurately chosen, 
than if, as is generally true, the equipment 
is made for nation-wide use, and subject to 
wide temperature limits of the condensing 
medium. For this latter type of equipment 
the maximum condensing temperature 
likely to be encountered must be a govern¬ 
ing factor in the selection of the refrigerant. 

In any case, it is desirable to use a 
refrigerant whose condensing pressure at 
extremes of design and safety conditions is 
low enough to permit the use of light¬ 
weight material in the high-pressure por¬ 
tion of the system, including non-ferrous 
sheet metals or pipe of light gages. This ap¬ 
plies to the condenser, receiver, liquid line, 
expansion valve, liquid line solenoid, or 
other accessories subject to condensing 
pressure. Such construction is desirable 
from considerations of safety, original and 
operating costs, and conservation of space. 

The condensing pressure will be a deter¬ 
mining factor in the choice of type of con¬ 
denser, air-cooled or water-cooled. Thus it 
may automatically eliminate a refrigerant 
from applications in which the air-cooled 
condenser is a practical and economic nec¬ 
essity. 

There is also increased likelihood of leak¬ 
age of refrigerant from the system and 
greater danger in handling or working 
around a refrigerant having a relatively 
high condensing pressure. 

4. Discharge temperature. Kefrigerants 
that have relatively high compressor dis¬ 
charge temperatures are apt to cause oil 
break-down and formation of sludges un¬ 
less highly refined, expensive oils are used. 

5. Critical temperature. The refrigerant 
used must have a critical temperature well 
above the maximum condensing tempera¬ 
ture that may be experienced, even under 
extreme conditions. The critical tempera¬ 
tures of most of the commonly used re¬ 
frigerants (except carbon dioxide) are high 
enough that this factor may be disregarded 
for most types and locations of equipment. 

6. Critic^ pressure. The refrigerant 
must have a critical pressure well above 


the likely maximum condensing pressure. 
High power consumption for compression 
results if the critical pressure is but little 
higher than the condensing pressure cor¬ 
responding to normal water or air tem¬ 
perature. As is true of the critical tempera¬ 
ture, this factor is satisfactory for all of the 
commonly used refrigerants other than 
carbon dioxide. 

7. Compression ratio. A refrigerant hav¬ 
ing a low ratio of compression is desirable 
as to first cost of the equipment and cost 
of operation. The original cost of the com¬ 
pressor will be increased by a high ratio of 
compression because of the higher preci¬ 
sion in manufacture necessary to mini¬ 
mize losses from clearance volume and 
from leakage between the cylinder walls 
and pistons. As these factors affect vol¬ 
umetric efficiency, the ovoiall cost of oper¬ 
ation is correspondingly affected. 

High compression ratios affect the de¬ 
sign, construction and operating char¬ 
acteristics of expansion valves, liquid line 
solenoid valves and the like, enabling 
them to operate at the high difference in 
pressure on the two sides of the valve. 

Rotary and centrifugal type compres¬ 
sors should use only refrigerants having 
comparatively low ratios of compression 
to minimize vapor sbppage past the rotor. 

8. Latent heat of vaporization. Other 
factors being equal, a high latent heat of 
vaporization is desirable, since it affects 
the net refrigerating effect, the amount of 
refrigerant circulated, and the size and 
cost of piping and equipment. The value 
of a high latent heat of vaporization is 
sometimes over-rated, however, for its 
bearing on the selection of a refrigerant is 
affected by other important factors, such 
as specific heat of the liquid, and by tfie 
density of the liquid and of the vapor. In 
fact, the small machine (household and 
small commercial sizes) favors a refriger¬ 
ant with a moderate to low latent heat of 
vaporization, to prevent the expansion 
valve or refrigerant float valves from hav¬ 
ing such small orifices as to make very 
difficult the accurate metering of liquid 
into the evaporator. 

9. Specific heat of the liquid. The latent 
heat of vaporization is the "refrigerating 
ability" of the refrigerant. It is reduced 
because some of it is required to cool the 
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Table 2. Comparative Refrigerant Characteristics at Various Evaporating 
and Condensing Temperatures 






Net 

Refriger- 


Compres- 


Evapo- 

Condens- 

Ratio of 

refriger- 

ant 

Specific 

sor dis- 


rating 

ing 

compres- 

ating 

circulated 

volume 

placement 


pressure 

pressure 

si on 

effect 

per ton 

of vapor 

per ton 


psig 

psig 


Btu/lb 

Ib/min 

cu ft/lb 

cu ft/min 


- 

-130 F Evaporating, — 

40 F Condensing 



Ethylene 

16.16 

196.7 

6.8 

141.4 

1.42 

3.72 

5.27 

Nitrous oxide 

1.02" 

145.3 

11.3 



5.94 


Ethane 

2.24" 

98.2 

8.3 

155.1 

1.29 

8.16 

10.52 

Carbon dioxide 

18.84" 

131.0 

27.1 

130.6 

1.53 

14.74 

22.60 

Freon-22 

28.51" 

.61 

22.2 

89.7 

2.25 

58.21 

130.0 


— 76 F Evaporating, 5 F Condensing 


Ethylene 

95.0 

399.8 

3.8 1 

117.0 

1.71 

1.14 

1.95 

Nitrous oxide 

60.3 

318.3 

4.4 



1.22 


Ethane 

40.4 

221.3 

4.2 

131.1 

1.53 

2.30 

3.51 

Propane 

17.4" 

35.9 

8.2 

147.7 

1.35 

14.80 

20.02 

Freon-22 

18.87" 

28.3 

8.1 

84.2 

2.38 

8.56 

20.37 

Ammonia 

23.47" 

19.6 

10.9 

534.7 

.37 

75.00 

28.05 

Freon-12 

23.54" 

11.8 

7.8 I 

59.9 

3.34 

10.02 

33.47 

Methyl chloride 

25.34" 

6.5 

9.4 

169.2 

1.18 

36.00 

42.55 


— 40 F Evaporating, 6B F Condensing 


Nitrous oxide 

145.3 1 

730.3 

4.7 



.600 


Ethane 

98.2 

532.2 

4.9 

72.8 

2.75 

1.136 

3.12 

Carbon dioxide 

131.1 1 

816.9 

5.7 

75.9 

2.60 

.611 

1.59 

Propylene(approx) 

21.0 

145.0 

6.9 

122.0 

1.65 



Propane 

1.5 

104.9 

13.4 

168.6 

1.19 

6.13 

7.28 

Freon-22 

.61 ’ 

118.3 

8,7 

70.1 

2.85 

3.28 

9.35 

Ammonia 

8.7" 

109.6 

11.9 

479.3 

.42 

24.86 

10.38 

Carrene-7 

7.9" 

82.7 

9.0 

60.4 

3.31 

4.08 

13.50 

FrBon-12 

11.0" 

67.5 

8.9 

50.1 

3.99 

3.91 

15.60 

Methyl chloride 

15.9" 

56.3 

10.3 

150.9 

1.33 

12.72 

16.85 

Sulfur dioxide 

23.6" 

32.6 

14.5 

143.4 

1.40 

22.2 

31.00 

1 


20 F Evaporating, 80 F Condensing 


Propane 

40.8 

128.1 

2.57 

128.5 

1.55 

1:900 

2.96 

Freon-22 

43.3 

145.0 

2.76 

72.96 

2.74 

.937 

2.57 

Ammonia 

33.5 

138.3 

3.18 

485.8 

.41 

5.910 

2.44 

CarrBne-7 

27.3 

102.5 

2.79 

64.9 

3.08 

1.144 

3.52 

Freon-12 

21.0 

84.0 

2.76 

54.2 

3.69 

1.121 

4.14 

Methyl chloride 

14.5 

71.6 

2.96 

154.5 

1.29 

3.312 

4.28 

Isobutene 

3.5 

39.2 

3.97 

119.5 

1.67 

4.680 

7.84 

Sulfur dioxide 

2.5 

45.0 

3.48 

144.5 

1.38 

4.487 

6.22 

Methylamine 

.2 

40.5 

3.71 

313.6 

.64 



Butane 

6.3" 

22.9 

3.24 

133.0 

1.51 

7.230 

10.93 

FrBon-114 

10. r 

18.3 

3.44 

46.6 

4.29 

! 

3.000 

12.87 

40 F Evaporating, 100 F Condensing 

Propane 

63.3 

172.0 

2.40 

121.5 

1.65 

1.37 

2.25 

FreDn-22 

69.0 

197.9 

2.54 

68.1 

2.94 

.656 

1.93 

Ammonia 

58.6 

197.2 

2.89 

467.8 

.428 

3.294 

1.30 

Carrene-7 

46.2 

141.9 

2.57 

61.4 

3.26 

.802 

2.61 

FreDn-12 

37.0 

116.9 

2.54 

51.6 

3.88 

.792 

3.07 

Methyl chloride 

27.9 

104.3 

2.80 

149.4 

1.34 

2.32 

3.11 
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Table 2. Comparative Refrigerant Characteristics at Various Evaporating 
and Condensing Temperatures (Continued) 






Net 

Refriger- 


Compres- 


Evapo- 

Condens- 

Ratio of 

refriger- 

ant 

Specific 

Bor dis- 


rating 

ing 

compres- 

erating 

circulated 

volume 

placement 


pressure 

pressure 

Sion 

effect 

per ton 

of vapor 

per ton 


PSig 

psig 


Btu/lb 

Ib/min 

cu ft/lb 

cu ft/min 

40 F Evaporating, 100 F Condensing 

Isobutane 

12.Z 

59.0 

3.74 

lll.D 

1.80 

3.22 

5.80 

Sulfur dioxide 

12.4 

69.8 

3.12 

138.5 

1.44 

2.89 

4.17 

Methylamine 

9.3 

62.8 

3.23 

304.8 

.66 



Butane 

3.0 

37.5 

2.95 

128.0 

1.56 

4.88 

7.63 

FreDn-114 

.5 

31.7 

3.05 

44.7 

4.47 

1.98 

8.85 

Freon-Zl 

4.8" 

25.3 

3.28 

90.0 

2.22 

4.13 

9.18 

Freon-ll 

15.6" 

8.9 

3.36 

68.8 

2.90 

5.45 

15.8 

Methyl formate 

20.45" 

3.6 

3.91 

189.2 

1.06 

18.90 

20.0 

Methylene chloride 

23.04" 

2.97" 

3.92 

134.0 

1.49 

IB.DO 

27.8 

FrBon-113 

24.52" 

8.59" 

3.95 

55.7 

3.60 

10.68 

38.7 

Water 

29.67" 

27.99" 

7.75 

1011.3 

.198 

2438 

482.0 


" Itiohefl uf mercury vncuiim. 


wiirni liquid ahead of the expansion valve 
tlown to evaporator temperature. What is 
left is known as the net refrigerating ef- 
feet. A low specific heat of the liquid is 
rlesirable, for the less the latent heat of 
vaj)orization used in cooling the liquirl, the 
more will be left as net refrigejating effect. 

10. Density of the liquid. A refrigerant 
having high liquid density Jnay first ap¬ 
pear to be desirable because of savings in 
size and cost of receiver, litjuid line pipe or 
tubes and other vessels containing liquid 
refrigerant. Such savings are largely offset, 
however, by the increased viscosity that 
p!ii:illels increase in density, requiring in¬ 
creased sizes of pipe and orifices to main¬ 
tain low pressure drops. 

In installations in which the evaporator 
is placed several floors above the condens¬ 
ing unit, the formation of flash gas in the 
liquid line is a factor that must be con¬ 
sidered; the greater the density of the 
liquid refrigerant the lower the level at 
which this will occur. 

Since refrigerant is sold by the pound, 
the refrigerant charge for an installation 
will, other factors being equal, be more for 
a refrigerant having high liquid density. 
This factor may be of minor concern in 
small, self-contained equipment, in which 
the refrigerant charge is small and the 
liquid line short and of small diameter. 

11. Viscosity of the liquid. Pressure 


drop in long liquid lines maybe suflicient 
to require larger and more costly piping in 
order to prevent excess flash gas and re¬ 
duced capacity of the expansion valve. In 
large installations these factors may re¬ 
quire serious consideration. 

12. Specific heat of the vapor. If the 
heat capacity or specific heat of the vapor 
is high, the heat that is added to the satu¬ 
rated vapor, superheating it in the evapo¬ 
rator and suction line, will raise its tem¬ 
perature less than if the specific heat is low. 
As its temperature rises, the superheated 
vapor expands and its density decreases. 
This is unfavorable to the compressor 
capacity, for the cylinders pump more re¬ 
frigerant vapor if it is saturated, cool and 
dense than if it is superheated, warmed 
and les.s dense. Therefore, a high specific 
heat of vapor is desirable. The gains ef¬ 
fected by use of heat exchangers may offset 
superheating losses of the compressor only, 
and result in added efficiency to the .system 
as a whole, 

13. Density of the vapor. One might as¬ 
sume that high vapor density would per¬ 
mit the use of smaller tubes, piping and 
orifices in tlie pressure side of the system, 
but the reverse is true, due to high pressure 
drop resulting from high vapor density. 
Moderately low vapor densities are, there¬ 
fore, desirable in ordinary compression 
systems, except those using centrifugal 
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coinpre^Bors, for which refrigerants having 
high vapor densities are desirable. 

14. Viscosity of the vapor. To minimize 
pressure drop and consequently the sizes 
and costs of tubes and piping, a low vapor 
viscosity is desirable. 

15. Thermal conductivity. An ability to 
conduct the heat quickly from the evapo¬ 
rator or to the condenser in either the 
liquid or vapor phases is a desirable char¬ 
acteristic of a refrigerant, since it increases 
evaporator and condenser performance. 
Therefore high thermal conductivities of 
refrigerant vapor or liquid are desirable. 

16. Oil solubility. Some refrigerants are 
liighly miscible with compressor oil, con¬ 
sequently picking up oil from the com¬ 
pressor and carrying it through the sys¬ 
tem. Some oil passing the pistons and dis¬ 
charge valves is desirable for lubrication, 
and to seal the valve surfaces, yet oil serves 
no useful purpose in the rest of the system, 
with the possible exception of some types 
of refrigerant flow controls. 

17. Horsepower per ton. With a theo¬ 
retically perfect cycle, all refrigerants 
would be equal as to power required per ton 
of refrigeration. In actual practice there is 
very little dilTcrcnce in horsepower per ton 
betw'een the commonly used refrigerants 
except in the case of carbon dioxide. Thus 
this factor is much leas important than 
most of the other characteristics. 

In the smaller machines the unit ordi¬ 
narily used instead of horsepower per ton is 
Btu per watt, which is of inverse char¬ 
acter to horsepower per ton. 

18. Stability. Ideally, any refrigerant 
used in a compression system should be 
absolutely stable and inert, that is, it 
should have no chemical reaction with any 
material—oil, gas (including air), metal, 
moisture or other substance of any nature 
with which it might come in contact, nor 
be chemically affected by any extremes of 
temperature to which it might be sub¬ 
jected. 

19. Dielectric strength of vapor. This 
characteristic is important only in the 
"hermetic’' units, in which the refrigerant 
comes into direct contact with the field 
coils of the motor driving the compressor. 
If the dielectric strength of the refrigerant 
vapor at suction pressure and the tempera¬ 
ture are low, possibility of short-circuits 


between electrical conductors is increased, 
although in most designs no bare conduc¬ 
tors are exposed to the refrigerant, all be¬ 
ing fully insulated. TaVde 3 shows the rela¬ 
tive dielectric strengths of the vapor at 
atmospheric pressures of several of the 
refrigerants that are frequently used in 
hermetic motor-compressor units. 

20. Leakage tendency. The smaller the 
molecule of the refrigerant, the harder it is 
to prevent it from leaking. The size of the 
molecule is proportional to the square root 
of the molecular weight. Pressure, capil¬ 
larity, viscosity, density and rate of diffu¬ 
sion are also factors that affect the tend¬ 
ency of a gas to leak, but these being equal, 
the refrigerant with a high molecular 
weight has a lower leak tendency. 

21. Washing effect. The hydro-carbon 
refrigerants are all excellent oil and grease 
solvents, which makes it especially im¬ 
portant that castings particularly, but 
other materials as well, be degreased and 
very carefully cleansed after machining 
and fabrication. Otherwise the continual 
washing of the parts by the refrigerant or 
refrigerant-oil mixture circulating in the 
system will dissolve the oils on the inner 
surfaces of the system or soaked into the 
pores of castings and will loosen scale, dirt 
and other impurities which will clog 
screens, foul orifices and aggravate sludge 
formation. 

The action of the refrigerant on gasket 
material and the nature of the impregna¬ 
tion of seal surfaces may lead to difficulty 
in "holding” the refrigerant. 

22. Odor. An easily detectable odor has 
an advantage in leak detection in that 
maintenance personnel will become aware 
of leakage and make the necessary repair, 
or that the user of untended equipment will 
know when to call the repairman. An odor 
can serve also as a warning to occupants 
to avoid the refrigerant. On the other 
hand, a pronounced odor, especially one 
of an irritating nature, may cause hysteria 
and panic in congested public places or in¬ 
stitutions. 

There are but few refrigerants that have 
a pronounced odor that is easily detected. 
These include ammonia and sulfur dioxide, 
and, to a lesser degree, ethyl chloride and 
ethane. Most of the hydrocarbons, includ¬ 
ing the halogens, methyl chloride, methyl- 
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Table 3. ApplicationB, Leak Methods and Oil Miscibility 




Application for whkli the refiixsrant la UBed or 1 b eultable | 

leak 

teat 

meth- 

oda<-* 


Dialec- 

trlc 

•trei^gth 

vapor* 


IndUB- 

trial 

with 

attend¬ 

ance! 

Com¬ 
mercial 
up to 
Z5 
hp! 

Air 

condi- 

tioninK! 

Houbb- 

hold* 

Evaporator 

temperahire 

range! 

Type of 
compree- 
Bor* 

Air or 
water- 
cooled 

Miaci- 

bUlty 

with 

dU 

MethuiB 

Ltd. 

None 

None 

None 

Ult 

Recip. 

Water 

2, 4 

Tee 

1.00 

Ethylene 

Ltd. 

Few 

Nona 

None 

Ult. 

Reclp. 

Water 

Zi 4 

Ybb 

1.21 

Nitfoue Dzlde 

Ltd. 

Few 

Suit. 

None 

Ult. 

Recip. 

Water 

2, 4 

No 

1.14 

Ethans 

Ltd. 

Few 

None 

None 

Ult. 

Recip. 

Water 

2, 4 

Ybb 


Carbon dioxids 

Ext. 

Few 

Ltd. 

None 

Low ft Med. 

Recip. 

Water 

2,4 

No 

.88 

Propylene 

Ltd. 

Ltd. 

None 

Mono 

Ult ft Low 

Recip. 

Water 

2, 4 

Ybb 


Propane 

Ltd. 

Ltd. 

None 

Mono 

Suit. 

Ult. ft Low 

Recip. 

Water 

2. 4 

Ybb 


Freon-ZZ 

Ltd. 

^Ltd. 

None 

Ult ft Low 

Recip. 

Water 

1, 3. 3 

Ybb 

1.31 

Ammonia 

Ext. 

Ext. 

Ltd. 

Ext. 

Low to High 

Recip. 

Water 

1. 3, 6 

No 

.BZ 

Carrene-7 

Suit. 

Suit. 

Suit. 

Suit. 

Mad. ft High 

Rec.-Rot. 

Wat. or Air 

1. 3. 5 

Yea 


Freon-lZ 

Ext. 

Ext. 

Ext. 

Ext. I 

Med. ft High 

Rbc.-RdI. 

Wat or Air 

1, 3, 5 

Yea 

Z.40 

Methyl chloride 

Ltd. 

Ext. 

Ltd. 

Ext. 

Med. ft High 

Rec.-Rot. 

Wat. or Air 

1, 3, 5 

Yea 

1.06 

iBobutane 

Few 

Ltd. 

None 

Ltd. 

Med. ft High 

Rec.-Rot. 

Wat. or Air 

1.3 

Yea 


Sulfur dioxide 

Few 

Ext. 

Few 

Ext. 

Med. ft High 

Rec.-Rot, 

Wat or Air 

1.3, 6 

No 

1.90 

MBthylamine 

Few 

Suit. 

None 

Suit. 

Med. ft High 

Rec.-Rot. 

Wat. or Air 

1. 3 

Yea 


Butane 

Few 

Suit. 

None 

Ltd. 

Med. ft High 

Rec.-Rot. 

Wat. or Air 

1, 3 

Yea 


Freoii-114 

None 

None 

None 

Ext. 

Med. ft High 

Rotary 

Air 

1, 3, 5 

Ybb 

2.BO 

Freon-Zl 

Few 

None 

None 

None 

Med. ft High 

Rotary 

Air 

1, 3, 5 

Yea 

1.33 

Ethyl chloride 

None 

Few 

None 

Ltd. 

Med. ft High 

Rotaiy 

Rot.-Cer. 

Air 

1, 3, 5 

Ybb 

1.00 

Ethyl amine 

Suit. 

None 

None 

None 

High 

Air 

1 

Yea 


Freon-ll 

Suit. 

Few 

Ext. 

Ext. 

High 

Rot.-Cen. 

Water 

1,5 

Ybb 

3.00 

Methyl formate 

Suit. 

None 

None 

None 

High 

Centrif. 

Water 

", 5 

Ybb 


Ethyl ether 

Suit. 

None 

None 

None 

High 

Centrlf. 

Water 

z 

Ybb 


Methylene 

chloride 

Suit. 

None 

Ext. 

None 

High 

Centrif. 

Water 

2, 5 

Ybb 

1.11 

Freon-lli 

Suit. 

None 

Ext. 

None 

High 

Centrlf. 

Water 

Z 

Ybb 

2.60 

Dichlorethylene 

None 

None 

None 

None 

High 

Centrif. 

Water 

2. 5 

Ybb 


Trichlorethylene 

None 

None 

None 

None 

High 

Centrif. 

Water 

2, 5 

Ybb 


Water 

Ltd. 

None 

Ext. 

None 

High 

Cen.-Jet. 

Water 

Z 

No 



> Ext.—^Extenaive; Ltd.—Limited; Few—Few, if any; None—None; Suit.—Suitable but low if any. 

* Ult.—Ultra-Low, —130 to —7B F; Low— IjOw, —76 to 0 F; Med.—Medium, 0 F to 30 F; HiKb—HiKh, 30 F to 
BOF, 

* Rbc. —ReciproBatine; Cen.—Centrifugal; Rot.—Rotary. 

* Numbers refer to thoae dcacribEBd on page 105. 

■ When uaing the Halide torch on equipment charged with USA Group 2 refrigeranta (bob Table 4) make certain that 
good ventilation is provided. Do not use llalide torch for USA Group 3 rofrigeranta. 

* Ethyl chloride ae unity. 


cne chloride, dichlorethylene aod tri- 
chlorethylene, have an odor which is not 
readily detectable. It is a slightly sweet, 
ethereal odor similar to that of natural gas. 
Methyl chloride may be obtained with 1% 
acrolein in it to give it a pungent, irritating 
odor. 

Carbon dioxide, the Freon group, and 
water when used as a refrigerant have 
practically no odor. Also, they are essen¬ 
tially harmless, so no irritating odor is 
needed to serve as a warning of leakage. 
The products of decomposition of the non¬ 
flammable or slightly flammable halogen- 
ated hydrocarbons by a flame, or in some 
cases by hot wire, have pungent, detecta¬ 
ble odors that serve as warning agents 
against those toxic gases produced by de¬ 
composition. 

Azeotropes. A comparatively recent de¬ 
velopment in refrigerants is the azeotropic 
mixture of two refrigerants. Such a mix¬ 
ture does not resolve into its component 


refrigerants at change of pressure or tem¬ 
perature, and has its own fixed thermo¬ 
dynamic properties that are unlike either 
of its components. Several azeotropes are 
known, but the only one in actual use, is 
Carrene-7, an azeotropic mixture of 73.8% 
Freon-12 (CCUFj) and 26.2% Genetron- 
100 (CH*CHFz). It is of particular interest 
in that its displacement characteristics per¬ 
mit it to be used in direct driven compres¬ 
sors at 50 cycle speed with about the same 
refrigerating capacity and evaporating 
temperature, as those same compressors 
driven at 60 cycle speed, and charged with 
Freon-12. 

Refrigerants and absorbents in an ab¬ 
sorption system. A refrigerant for use in an 
absorption system should, in general, have 
the same desirable qualities as a refriger¬ 
ant for a compression system, and in addi¬ 
tion it must be suitable for use with an 
absorbent so selected that in the combina¬ 
tion: 
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(a) The vapor pressures of the two at the 
generator temperatuf'e shall be widely 
divergent, in order to obtain as nearly 
complete fractionation as possible in 
the condenser and rectifier. 

(b) Temperature-pressure relations should 
conform to practical absorber and gen¬ 
erator temperatures and pressures. 

(c) The refrigerant must have high solu¬ 
bility in the absorbent at the absorber 
temperature and pressure (as governed 
by the condensing medium), and low 
solubility at the generator temperature 
and pressure. 

(d) In most absorption equipment the 
solvent must remain liquid at absorber 
and generator temperatures and pres¬ 
sures. 

(c) The refrigerant and the solvent must 
remain stable with one another within 
the generator-evaporator range of 
temperatures. The solvent should have 
low specific heat, surface tension and 
viscosity, and must be neutral to the 
materials used in the equipment. 

There are many known combinations of 
refrigerant and absorbent that could be 
used in an absorption system, but the only 
ones which have been commonly used are 
ammonia-water, methylene chloridc-di' 
methyl ether of tetraethylene glycol, water- 
lithiurn chloride, water-lithium bromide, 
ammonia-calcium cliloride, ammonia- 
strontium chloride, and sulfur dioxide- 
silica gel. 

II. Reaction with Moisture 

Water in a refrigerating system has two 
effects, either of which is sufficiently in¬ 
jurious to warrant the utmost care in pre¬ 
venting the entrance of moisture into a 
system, or in reducing to the lowest prac¬ 
tical minimum any moisture that may 
have been introduced into the system. 

1. Water unites in varying degrees with 
most of the refrigerants, which with, or in 
addition to, any air tliat may be in the sys¬ 
tem, in turn react on the oil and the vari¬ 
ous materials of which the equipment is 
made—nietals, plastics, fibers, and various 
compounds in valve packing, gaskets, and 
electrical insulation. If the refrigerant 
holds considerable moisture in solution (as 
do ammonia, sulfur dioxide and carbon 
dioxide), this moisture is still able to cause 
corrosion to some of the materials with 


which it comes in contact. Therefore, be¬ 
cause no trouble arises from freeze-ups at 
the expansion valve, it is not necessarily 
true that any moisture that is in the sys¬ 
tem is doing no harm. It is not uncommon 
to open a system and find damaging cor¬ 
rosion, although the system has operated 
with no expansion valve freeze-up trouble. 
Corrosion first makes itself known by 
pitted and damaged valve needles and 
seats; if not checked, it may extend to seal 
leakage, and damage to bearings, bushings, 
pins, shafts and other finely finished sur¬ 
faces. Rust and scale washed from cor¬ 
roded surfaces may clog screens, filters and 
valve ports and restrict the flow of refrig¬ 
erant. 

Sludges and precipitates may form as a 
result of chemical reaction between the 
refrigerant and the oil, and in the presence 
of impurities, foreign substances or adul¬ 
terants, their reactions are aggravated 
and amplified by moisture and/or air in the 
system. It is wise to exclude everything 
from the vsystem other than the refrigerant 
and the oil of si)ecirications approved by 
the manufacturer of the equipment, espe- 
ciall 3 ^ the manufacturer of the compressor. 

2. After the refrigerant has absorbed all 
the moisture of which it is capable, any 
further moisture in the s^^stem exists as 
free water, which freezes into ice in those 
imrtions of the s^^stem below 32 F. This 
usually occurs first at the orifice in the ex¬ 
pansion valve or float valve or in the capil¬ 
lary tube. Formation of ice causes restric¬ 
tion or stoppage of refrigerant flow and 
refrigeration ceases. The valve then w^ariiis 
up, the iee melts, and refrigeration is re¬ 
sumed. This may reoccur, causing “sticky” 
operation of the valve, or the water may 
pass on into the evaporator where it nia^' 
freeze and remain as small droplets of ice. 
It may remain frozen in the evaporator for 
a considerable period until the evaporator 
is defrosted, when it returns to the w^ater 
state and again circulates through the con¬ 
densing unit to the expansion valve. It is, 
therefore, imperative that moisture be ex¬ 
cluded or removed from the compression 
system. 

When refrigerants are warm, they carry 
higher percentages of moisture than when 
thej'' are cold. So w’hcn a refrigerant that is 
saturated with moisture is chilled, it re- 
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leases some of its luoistui e eoiitent wliieli 
then appears in the system as free water. 

For full information on moisture in the 
system and methods for its removal, see 
Chapter 18. 

III. Leak Detection 

The most frequent cause of service calls 
on refrigerating systems is “leaks in the 
system,“ usually caused by: 

a. In portions of the system in which 
the pressure is above atmospheric pres¬ 
sure, the refrigerant will leak out of the 
S 3 ^stem, eventually creating a shortage and 
necessitating replacement r)f the amount 
of leakage. 

b. In other portions in whifdi the pres¬ 
sure may be below atmospheric (on a 
vacuum), the leakage will be of air into the 
system. In most climates, air contains 
enough moisture to cause trouble in time 
inside the system. In either case the leak 
must be found and rejKiired and refrigerant 
added as required, or air and moisture re¬ 
moved. 

The methods for detecting leaks differ 
according to the refrigerant used, the size 
and type of equipment being tested, and 
the facilities available at the test location. 

1. In factories or well equipped shops, 
a favorite method is to put a pressure of 
200 or 300 psi (depending upon the 
strength of the equipment) of dried air or 
some inert gas such as carbon dioxide or 
nitrogen, in the equipment and tlien sub¬ 
merge the equipment in a brightly lighted 
tank of water or kerosene. Location of a 
leak will be discovered by a stream of 
bubbles rising from it. The tank must be 
brilliantly lighted (preferably from be¬ 
neath the water surface as well as from 
above) and the liquid clear; otherwise a 
fine stream of bubbles from a very small 
leak may escape detection. 

2. Large equipment is frequently tested 
by putting nitrogen or carbon dioxide 
(never oxygen) in it to a definite pressure 
and letting it stand for at least 24 hr. Con¬ 
stancy of gage readings indicates absence 
of leaks. Allowance must be made for varia¬ 
tions in pressure due to variations in am¬ 
bient temperature. 

3. Another method of testing is by 
pumping a vacuum on the equipment by 
means of an auxiliary vacuum pump 


(preferable to using the refrigerating com¬ 
pressor for this purpose), with the pump 
discharging through a tube, the outlet end 
of which is submerged in clear oil in a glass 
vessel. After discontinuance of bubbles, 
indicating a high degree of vacuum, the 
equipment is allowed to stand for an hour 
nr two with the vacuum pump idle. The 
pump is then started. Issuance of bubbles 
indicates that air has leaked in during the 
idle period. In larger equipment, constancy 
of gage readings may be acceptable instead 
of the “no bubble” method. 

4. Leaks may also be detected by put¬ 
ting a refrigerant or air pressure of at 
least 50 psi in the equipment, and then 
spreading a thick, ropey snap solution or 
heavy, clear oil over joints or other sus¬ 
pected places. Presence of bubbles indi¬ 
cates and locates the leak^.. 

5. Another method is to put the equip¬ 
ment under a pressure of 50 psi or more of 
one of the hah)gfMi refrigerants, and then 
test each joint or suspected place with the 
exploring tube of a “halide torch” burning 
either methyl alcohol or Prestolite gas. 
This is a very accurate method which is 
becoming increasingly popular. 

If desired, the pressure of the refrigerant 
may be built up by adding with it carbon 
dioxide or nitrogen to a pressure high 
enough to accentuate small leaks. If this 
method is \ised with methyl chloride or 
other flammable halogen, due caution must 
be exercised to provide sufficient ventila¬ 
tion to prevent ignition of the refrigerant 
by the flame of the torch. 

6. The "smoke” method is usable with 
animonia and sulfur dioxide. If a swab 
dipped into “stronger” ammonia (about 
25% solution of aqueous ammonia) is 
brought near a leak from which sulfur di¬ 
oxide is emerging, a white smoke is easily 
vi.sible, indicating the presence and rela¬ 
tive location of the leak. 

Conversely, ammonia equipment may be 
tested for leaks by burning a sulfur candle 
(thus producing sulfur dioxide) and ex¬ 
ploring all suspected places, a leak evidenc¬ 
ing itself by the “smoke.” If the leak is 
large enough to pollute the nearby air con¬ 
siderably, its exact location may be diffi¬ 
cult to determine by this method. 

To detect or locate very small ammonia 
leaks, a piece of porous paper soaked in a 
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phenolphthalein solution or Nessler solu¬ 
tion, is applied to the suspected joint. Ap¬ 
pearance of a red spot in the paper indi¬ 
cates the presence of a leak. 

For practical purposes of maintenance 
cost and safety, a refrigerant should have 
some simple, positive method of locating 
leaks. The soap-and-water method can be 
used with any refrigerant but it is tedious, 
time-consuming and thus expensive. The 
'Woke” test method used with ammonia 
and sulfur dioxide is excellent. 

The introduction of the halide torch has 
greatly simplified the location of leaks of 
the halogens. Its use makes it possible to 
detect and locate minute leaks of these 
refrigerants quickly and effectively. 

IV. Action on Materials of which 
the Equipment is Constructed 

The hydrocarbons attack natural rub- 
beri causing it to become soft and to swell 
and to form blisters. For this reason the 
synthetic rubbers of the chloroprene or 
neoprene types, which are less vulnerable, 
are used. 

In hermetically sealed systems the re¬ 
frigerant comes into direct contact with 
the motor winding. The hydrocarbons are 
very effective solvents for many of the 
electrical insulating varnishes or binders 
with which the insulating fabrics are im¬ 
pregnated. Much trouble has been experi¬ 
enced from the refrigerant washing out 
these varnishes and depositing them, some¬ 
times with fragments of the fabrics, on 
valve seats and in valve mechanisms or 
small orifices. Insulations of bakelite or 
glass fibre have been successfully u.sed in 
such applications. 

Moisture and/or air in the system seem 
to aggravate any action that the anhydrous 
refrigerant alone might have on metals, 
fibrous materials, gaskets, oils or other sub¬ 
stances which may be exposed to the re¬ 
frigerant. Ammonia readily unites with 
water to form aqueous ammonia, a strong 
alkaline solution that attacks copper, 
brass or other cupreous alloys. 

Inasmuch as in ordinary practice there is 
some moisture in the system, copper or 
copper alloys are not used in ammonia sys¬ 
tems where the ammoiua may come into 
contact with them. 

Another well jenown instance of a refrig¬ 


erant attacking materials of which the sys¬ 
tem is made is the case of sulfur dioxide 
that has been exposed to moisture. Sul- 
furouB acid is formed, which strongly at¬ 
tacks the metals in the system, especially 
the ferrous metals. Depending upon the 
amount of moisture present, the resulting 
corrosion may range from mere discolora¬ 
tion of the metals up to "freezing” of pis¬ 
tons in cylinders, shafts in bearings or 
other damage, even to the extent of being 
entirely irreparable. 

If free aluminum, magnesium or zinc or 
their alloys or die-castings containing 
them, come into contact with methyl 
chloride, they are strongly attacked. 
(There is no action of methyl chloride on 
activated alumina, the drying agent.) The 
resulting compounds react with the oil to 
form a heavy black gummy precipitate 
that stops up screens and oil passages and 
fouls valves, rings, bearings, and other 
working parts. 

The action of methyl chloride on alu¬ 
minum produces aluminum tri-methyl, a 
highly inflammable gas that may ignite 
with explosive violence when merely ex¬ 
posed to the air or abnormally high pres¬ 
sures. Aluminum or its alloys must not be 
used with methyl chloride, and if such a 
system is found, much caution must be 
used in opening it for repair. 

Methyl chloride and the Freons attack 
magnesium, and in additon methyl chlo¬ 
ride attacks zinc. (Zinc is sometimes used 
in dehydrators with sulfur dioxide as a 
“neutralizer” for sulfurous acid.) Mag¬ 
nesium and zinc are corroded by such ac¬ 
tion, but there are no known cases of 
formation of dangerous compounds. To 
some degree all of the halogenated hydro¬ 
carbons, which include methyl chloride, 
ethyl chloride, the Freons and methylene 
chloride, unite with water even in small 
quantities to form acids, particularly 
hydrochloric acid, which will readily at¬ 
tack any of the metals commonly used in 
refrigerating equipment, as well as some of 
the materials of which gaskets, electrical 
insulation, and other non-metallic mate¬ 
rials may be composed. 

Copper plating. In systems employing 
methyl chloride, some of the Freons or 
other halogenated hydrocarbon refriger¬ 
ants, certain types of oils have elements in 
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them that disBolve copper from tubing or 
other parts, as the oil is being circulated 
throughout the system. The copper thus 
picked up is deposited on hot surfaces such 
as bearings, shafts, bushings, pins, pistons, 
rings, cylinders, valves and valve seats. 
There the copper accumulates, in time 
causing seizure of frictional parts or leak¬ 
age of valves. 

Moisture in the system aggravates this 
action but is not its direct cause. The use 
of a more highly refined oil with a small 
content of unsaturated hydrocarbons, 
greater stability and low Sligh oxidation 
number, plus thoroughly drying the sys¬ 
tem, will practically eliminate instances of 
“copper plating.” 

All of the statements above emphasize 
the necessity of properly drying the system 
and keeping it dry, and of introducing into 
the system only clean, dry refrigerant and 
suitable oil. 

The straight hydrocarbons such as 
ethane, propane, butane, etc., containing 
carbon and hydrogen only, are less suscept¬ 
ible to formation of harmful compounds in 
the presence of moisture and air than the 
halogens that include fluorine or chlorine 
atoms. Therefore moisture in systems using 


the straight hydrocarbons may present a 
less serious problem, except that trouble 
will continue to result from freeze-ups at 
the expansion valve. 

V. Safety Considerations (Table 4) 

In choosing a refrigerant for a specific 
application, safety must be considered as a 
relative term. A refrigerant such as am¬ 
monia might not, because of its explosive 
and toxic characteristics, be considered 
safe for an automatic, small commercial or 
household application, yet is quite ac¬ 
ceptable, from a safety viewpoint, for a 
large cold storage or ice-rnaking plant in 
which the equipment is under constant 
surveillance by experienced operating per¬ 
sonnel. The quantity of refrigerant used, 
the size of the room into which it might 
leak, whether or not flames a^e present, the 
type of occupancy and the odor of the re¬ 
frigerant also have a direct bearing on the 
relative safety of the installation. A large 
multiple installation using methyl chloride 
would be unsafe in an institution, hotel or 
apartment house, while a small household 
refrigerator or freezer with only a pound or 
two of methyl chloride as the total charge, 
would be safe for all practical purposes. 


Table 4. Relative Safety of Refrigerants 


Refrigerant 

ASA 

Safety 

Code 

group 

cUealfl- 

cation 

Net’l 
Fire 
Under- 
writ era 

KTOUp 

number 

Toxicity 

Lethal or aerloua Injury* 

Flammable 
or explosive 
llmlta of 
concentration 
in air 

Refrigerant in air | 

Producta of decom- 
poaition by flame 

Dura¬ 
tion of 
expo- 
Bure 
hours 

Percentage 
by volume 

Pounda 
per 1,000 
cu ft 

Dura- 1 
tion of 
exposure 

min 


Percent¬ 
age by 
volumei 

Percentage 
by volume 

Methane 


+5 






4.9-15.0 

Ethylene 

31 

+5 






3.0-25.0 

Nitroua oxide 



B 

.0025 




Non-Flam. 

Ethane 

3 

5 

2 

37.5-51.7 




3.3-10.6 

Carbon dioxide 

I 

S 

\ to 1 

29-30 

33.2-34.3 



Non-Flam. 

Propane 

3 

5 

2 

37.S-51.7 

42.4-58.5 



2.3-7.3 

Freon-ZZ 

11 

5A 




16 

1.0 

Non-Flam.: 

Ammonia 

Z 

2 

) 

.5-.6 

.221-.256 



16.0-25.0 

Carrene-? 

1> 

5A 

2 

19.4-20.3 

50.2-52.2 

25 

1.1 

N on-Flam. 

Preon-12 

1 

6 

2 

28.5-30.4 

89.6-05.7 

20 

1.0 

Non-Flam. 

Methyl chloride 

2 

4 

2 

2-2.5 

2.62-3.28 

30 

2.4 

8.1-17.2 

laobutane 

3 

+s 






1.8-8.4 

Sulfur dioxide 

2 

1 

A 

.7 

1.165 



Non-Flam. 

Butane 

3 

5 

2 

37.5-51.7 




1.6-6.5 

Freon-114 

1 

6 

2 

20.1-21.5 

90.5-06.8 

15 

1.0 

Non-Flam. 

Freon-21 

1 


« 

10.2 

27.1 



Non-Flam.* 

Ethyl chlorida 

2 

4 

1 

4.0 

6.72 

18 

2.0 

3.7-12.0 

Freon-l1 

1 

5 

2 

ID 

35.7 

5 

1.0 

Non-Flam. 

Methyl formate 

2 

3 

1 

2-2.5 

3.12-3.9 



4.5-20.0 

Methylene chloride 

1 

4A 

« 

5.1-5.J 

11.25-11.7 

20 

1.0 

Non-Flam. 

Freon-l13 

11 

4 

1 

4.B-5.Z 

23.3-25.2 

16 

1.2 

Non-Flam. 

Dlchlorethylene 

2 

4 

1 

2-2.5 

5.04-6.3 

5 

2.1 

5.6-11,4 


1 UnoffloiflI. 

■ Very Blightly flammable, but lor piaoiioal purpoeea oonaidored non-flammable. 
* Tn KUinea pia*- 
1 InltUl Danoentration. 
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PART II. TABLES 


Safety luay be conHidered with respect 
to toxicity, inflaniinability and explosive¬ 
ness. 

1. Toxicity. In a strict sense, all of the 
refrigerants except air, which is rarely used, 
may cause suffocation by oxygen de¬ 
ficiency. 

The term “toxic” is usually applied to 
those refrigerants which are actually in¬ 
jurious to human beings—those that may 
cause death or serious injury even though 
they are mixed in air in small enough 
proportions that sufficient oxj^gen can be 
obtained from the air-refrigerant vapor 
mixture. 

The extent and permanence of the injury 
depend upon: (1) the nature of the re¬ 
frigerant, i.e., its relative toxicity; (2) the 
percentage of the refrigerant in the air; 
(3) the duration of time that the person is 
subjected to the mixture. Obviously, the 
greater the percentage of concentration of 
refrigerant in the air and the longer the 
person is subjected to the vapor, the 
greater will be the injury, or, in fatal in¬ 
stances, the sooner death will occur. The 
National Board of Fire Underwriters has 
tested most of the commonly used re¬ 
frigerants and classified them into groups 
according to their toxicit,y. Group 1 in¬ 
cludes the most toxic, with toxicity de¬ 
creasing as the group nuirdier increases, so 
that Group 6 includes those refrigerants 
which are harmless, except when a high 
concentration might dangerously exclude 
oxygen from the person exposed. 

In Table 4, the refrigerants are classified 
ns to toxicity according to the Underwrit¬ 
ers’ tests. 

Mixtures of toxic vapors and air may 
attack the membranes of the lungs, nose, 
eyes or even the skin, and/or they may be 
absorbed into the blood and carried to 
other parts of the body to which they may 
be injurious. 

Some refrigerants which in their normal 
state mixed with air, even in heavy per¬ 
centages, are practically harmless, are de¬ 
composed by contact with a flame and 
form products that are highly toxic and 
even in low concentrations may cause fatal 
or serious injury in less than one-half hour. 
The halogens, including methyl chloride 
and the Freons, are in this category. If a 
flame or an electric heating clement is 


present in a room into which these refriger¬ 
ants are known or suspected of having 
leaked, the room shoulil be well ventilated 
before entering. 

2 . Flammability and explosiveness. 
Many of the refrigerants that have been in 
common and widespread use for many 
years will burn if mixed with just the right 
percentages of air, and yet fires or explo¬ 
sions from this cause have been extremely 
rare. This hazard is slight because: (1) 
the flammable vapor-air mixture must be 
within a rather narrow limit of concen¬ 
tration of the vapor; (2) the refrigerant 
vapor is usually under sufficient pressure 
that it tends to blow out the flame; and 
(3) due to offensive odor or lack of refriger¬ 
ation, the loss of refrigerant is usually de¬ 
tected before an inflammable concentra¬ 
tion develops. 

In Table 4, the various refrigerants that 
have been or are in fairly common use are 
classified as to flammability. Some re¬ 
frigerants, such as most of the Freons 
(those from which the hydrogen atom has 
been eliminated), will not burn nor will 
they support combustion. Others will burn, 
but only feebly and within close limits of 
concentration of air. Ammonia and methyl 
chloride fall in this second group. The 
third group includes those that arc quite 
flammable, such as methane, ethylene, 
ethane, propylene, propane, butane, and 
isobutane. 

In general, those halogenated hydrocar¬ 
bons, such as Freons-ll, 12, 113 and 114, 
in winch the hydrogen atoms have been 
entirely replaced by fluorine and/or chlo¬ 
rine atoms, are the least toxic and the least 
inflammable. These hydrocarbons in which 
the hydrogen atoms have not been en¬ 
tirely removed are moderately toxic and 
slightly flammable. The straight hydro¬ 
carbons are the most toxic and the most 
flammable (see bibliography, page 207). 

The ASRE-sponsored ASA “Ameri¬ 
can Standard Safety Code for Mechanical 
Refrigeration” is usually the basic model 
on which states and municipalities compile 
their codes. Despite this fact, there is much 
variance between the provisions of the 
various local codes. Since these refrigera¬ 
tion codes are units of local building or 
safety codes, they must be taken into con¬ 
sideration and followed when installing, re- 
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pairing or operating refrigeration or air- 
conditioning equipment in any area under 
the jurisdiction of a local code. 

VI. Cost 

Other factors being equal, low cost of a 
refrigerant is quite desirable. However, the 
jjrice per pound must be evaluated on the 
basis of: (1) the number of pounds that 
must be circulated per minute to provide 
the necessary refrigeration (dependent 
upon the “net refrigerating effect” per 
pound of refrigerant); (2) the density of 
the liquid. Since refrigerants are sold by 
the pound rather than by unit of volume, 
the cost advantage is with those having 
high net refrigerating effects and low 
liquid densities. Such refrigerants also 
permit smaller and less costly liquid re¬ 
ceivers and piping. 

VII. Type of Compressor 

In late years, advancements in metal¬ 
lurgy have made new alloys available and 
modern precision machining processes have 
allowed finer finishes, so that much greater 
running speeds than heretofore are en¬ 
tirely practical This has resulted in com¬ 
pressors driven directly by induction elec¬ 
tric motors at full motor speed. Reduction 
of size, further aided by a multiplicity of 
cylinders, has permitted cost reduction 
and has stimulated the development and 
use of self-contained and portable fixtures. 
These advances in compressor design have 
affected the requirements of the refriger¬ 
ant, putting increased emphasis on horse¬ 
power per ton, amount of refrigerant cir¬ 
culated, vapor density, viscosity and elec¬ 
trical resistance, and reducing the impor¬ 
tance of compression ratio and evaporator 
pressure. 

VIII. Methods of Handling 

During storage, transport, transfer from 
larger to smaller cylinders, and installa¬ 
tions, service and maintenance operations, 
refrigerants must be handled by experi¬ 
enced workmen who are familiar with their 


nature and with the precautions that must 
be taken. 

Reference should be made to instruc¬ 
tions issued by the refrigerant manufac¬ 
turers on the handling of the refrigerant 
that they produce, and on the safe quan¬ 
tities of refrigerant that may be put into 
their particular containers. 

The Interstate Commerce Commission 
regulates the type, size, strength, test 
pressures, design, marking and retest pe¬ 
riod of refrigerant containers for interstate 
shipment of the various refrigerants. ICC 
regulations must be complied with when 
shipping and handling refrigerants. 
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9. BRINE PROPERTIES 


1. Brine. Tabular material on brines be¬ 
gins with the two common salts, calcium 
chloride and sodium chloride. The proper¬ 
ties of pure calcium chloride brine and 
sodium chloride brine are given in Tables 


1 and 6. For commercial grades use the 
formulae indicated in the footnotes to 
these tables. Tables 2 and 7, which give 
for these salts the enthalpy for liquid and 
frozen brines, may be used for computa- 


Table 1. Properties of Pure Calcium Chloride Brine 


Pure 
CaCb 
% by 
weight 

1 

Deg 
sal- 
ometer 
60/60F 

Specific 
heat 
60 F 
Btu per 

1 IbF 

1 

Freez¬ 

ing 

point 

F 

W eight per gallon* 

Weight per cubic foot I* 

gravity 
60 F 

density 
60 F 

CiCl2 

Ib/gal 

Water 

Ib/gal 

Brine 

Ib/gal 

CaCIi 

Ib/cu 

1 « 

Water 

Ib/cu 

ft 

Brine 

Ib/cu 

ft 

0 

1.000 

0.0 

0.0 

1.000 

32.0 

0.000 

1 8.34 

8.34 

1 0.00 

62.40 

62.40 

5 

1.044 

6.1 

24.4 

0.924 

27.7 

0.436 

8.281 

B.717 

3.26 

61.89 

65.15 

6 

1.050 

7.0 

28.0 

0.914 

26.8 

.526 

8.234 

8.760 

3.93 

61.59 

65.52 

7 

1.060 

8.2 

32.8 

0.898 

25.9 

.620 

8.231 

B.B51 

4.63 

61.51 

66.14 

8 

1.069 

9.3 

37.2 

0.8B4 

24.6 

.714 

B.212 

8.926 

5.34 

61.36 

66.70 

9 

1.078 

10.4 

41.6 

0.869 

23.5 

.810 

8.191 

9.001 

6.05 

61.22 

67.27 

10 

1.087 

11.6 

46.4 

0.855 

22.3 

0.908 

8.168 

9.076 

6.78 

61.05 

67.83 

11 

1.096 

12.6 

50.4 

0.842 

20.8 

1.006 

8.137 

9.143 

7.52 

60.81 

68.33 

IZ 

1.105 

13.8 

55.2 

0.828 

19.3 

1.107 

B.IZO 

9.227 

8.27 

60.68 

68.95 

13 

1.114 

14.8 

59.2 

0.816 

17.6 

1.209 

8.093 

9.302 

9.04 

60.47 

69.51 

14 

1.124 

15.9 

63.6 

0.804 

15.5 

1.313 

8.064 

9.377 

9.81 

60.27 

70.08 

15 

1.133 

16.9 

67.6 

0.793 

13.5 

1.418 

8.034 

9.452 

10.60 

60.04 

70.64 

16 

1.143 

18.0 

72.0 

0.779 

11.2 

1.526 

8.DIO 

9.536 

11.40 

59.86 

71.26 

17 

1.152 

19.1 

76.4 

0.767 

8.6 

1.635 

7.984 

9.619 

12.22 

59.67 

71.89 

18 

1.162 

20.2 

80. 8 

0.756 

5.9 

1.747 

7.956 

9.703 

13.05 

59.46 

72.51 

19 

1.172 

21.3 

85.2 

0.746 

2.8 

1.859 

7.927 

9.786 

13.90 

59.23 

73.13 

ZO 

1.182 

22.1 

88.4 

0.737 

- 0.4 

1.970 

7.883 

9.853 

14.73 

58.90 

73.63 

Z1 

1.192 

23.0 

92.0 

0.729 

— 3.9 

2.085 

7.843 

9.928 

15.58 

58.61 

74.19 

2Z 

1.202 

24.4 

97.6 

0.716 

- 7.8 

2.208 

7.829 

10.037 

16.50 

58.50 

75.00 

23 

1.212 

25.5 

102.0 

0.707 

— 11.9 

2.328 

7.792 

10.120 

17.40 

58.23 

75.63 

24 

1.223 

26.4 

105.6 

0.697 

-16.2 

2.451 

7.761 

10.212 

18.32 

58.00 

76.32 

25 

1.233 

27.4 

109.6 

0.689 

-21.0 

2.574 

7.721 

10.295 

19.24 

57.70 

76.94 

26 

1.244 

28.3 

113.2 

0.682 

-25.8 

2.699 

7.680 

10.379 

20.17 

57.39 

77.56 

27 

1.254 

29.3 

117.2 

0.673 

-31.2 

2.827 

7.644 

10.471 

21.13 

57.12 

78.25 

28 

1.265 

30.4 

121.6 

0.665 

— 37.8 

2.958 

7.605 

10.563 

22.10 

56.84 

78.94 

29 

1.276 

31.4 

125.6 

0.658 

-49.4 

3.090 

7.565 

10.655 

23.09 

56.53 

79.62 

29.6 

1.290 

32.6 

_ 

0.655 

-59.8 

3.16 

7.59 

10.75 

23.65 

56.80 

80.45 

30 

1.295 

33.0 

— 

0.653 

-50.8 

3.22 

7.58 

10.80 

24.06 

56.70 

ao.76 

32 

1.317 

34.9 

— 

0.640 

-19.5 

3.49 

7.49 ! 

10.9B 

26.10 

56.04 

82.14 

34 

1.340 

36.8 

— 

0.630 

-h 4.3 

3.77 

7.40 j 

11.17 

28.22 

55,35 

83.57 


deg CbCIi sal. wt of pure CoCli wt of pure CoCli 

Dog Boauind heavy —- ■ Wt of flake CaCl*"- t Wt of eolid CaCU —- 

4 .7Bfl .74 


1209] 
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Table 2. Enthalpy (CaCL) 

Enthalpy (Btu por lb from 32 F where it is 200 minus heat of solution)* 


Sp gr 


1.08 

1.12 

1.16 

1.20 

1.24 

1.28 

Lb CaClj per 








IDO lb Bolution 


9.2 

13.5 

17.6 

21.5 

25.1 

28.7 

FrcBzinK point, 








degF 


23.2 

16.5 

7.0 

-5.B 

-21.5 

-44.3 

Lb Bolution per 
gal, 60 F 

9.01 

9.35 

9.6B 

10.01 

10.35 

10.68 

t. deg F 
-65 

■a 

41.14 

54.70 

67.69 

80.22 

92.27 

103.80 

-60 

o 

03 

43.07 

56.59 

69.54 

B2.01 

94.02 

105.52 

-5D.B 


43.15 

56.65 

69.61 

82.08 

94.08 

105.58 

-59.B 


60.60 

B2.30 

103.13 

123.16 

142.43 

160.93 

-55 


63.34 

85.40 

106.57 

126.93 

146.52 

165.30 

— 50 


66.25 

BB.67 

110.23 

130.94 

150.87 

169.97 

-45 


69.31 

92.20 

114.IB 

135.30 

155.64 

175.13 

-40 


72.57 

95.96 

11B.44 

140.04 

160.B2 

180.24 

-35 


76.01 

100.02 

123.OB 

145.25 

166.58 

183.41 

-30 

tJ 

79.71 

104.43 

128.15 

150.96 

172.90 

186.59 

-25 

O 

03 

T) 

B3.72 

109.24 

133.77 

157.34 

IBO.Ol 

189.77 

-20 

BB.07 

144.63 

140.13 

164.64 

187.57 

192.95 

-15 


93.01 

120.76 

147.41 

173.04 1 

190.87 

196.15 

-10 

•o 

'3 

9B.64 

127.91 

156.04 

183.06 

194.19 

199.35 

-5 

O’ 

105.07 

136.36 

166.42 

192.45 

197.51 

202.55 

0 


112.60 

146.29 

17B.67 

195.95 

200.B4 

205.77 

5 


121.63 

15B.44 

193.87 

199.45 

204.18 

208.99 

10 


133.07 

174.13 

198.38 

202.97 

207.53 

212.21 

15 


149.39 

197.04 

202.11 

206.49 

210.89 

215.45 

20 


176.58 1 

201.63 

205.86 

210.03 

214.27 

218.70 

25 


210.49 

205.63 

209.62 

213.58 

217.75 

221.94 

30 


205.79 

209.65 

213.38 

217.14 

221.04 

225.20 

35 


210.12 

213.67 

217.15 

220.70 

224.44 

228.46 

40 


214.44 

217.70 

220.94 

224.28 

227.85 

231.74 

45 


218.7B 

221.74 

224.74 

227.87 

231.27 

235.02 

50 

'3 

O’ 

223.11 

225.79 

228.54 

231.47 

234.69 

238.31 

55 


227.46 

229.85 

232.35 

235.08 

238.13 

241.62 

60 


231.B2 

233.91 

236.17 

238.70 

241.58 

244.93 

65 


236.18 

237.98 

240.00 

242.32 

245.03 

248.24 

70 


240.55 

242.07 

243.B3 

245.95 

248.50 

251.57 

75 


244.92 

246.17 

247.67 

249.59 

251.97 

254.86 
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Table 3. CBiciuin Chloride Density 

Specific gravity refers to water at 60 F 



Density (gr per cc) 


% Salt 

-4 F 

14 F 

32 F 

50 F 

5 



1.043 

1.042 

6 



1.052 

1.051 

7 



1.061 

1.060 

B 



1.071 

1.069 

9 



l.OBO 

1.07B 

10 



1.0B9 

1.0B7 

11 



1.098 

1.096 

12 



l.lOB 

1.105 

13 



1.117 

1.115 

14 



1.127 

1.124 

15 


1.139 

1.137 

1.134 

16 


1.149 

1.146 

1.143 

17 


1.159 

1.156 

1.153 

IB 


1.169 

1.166 

1.163 

19 


i.iao 

1.176 

1.173 

20 


1.190 

1.186 

1.1B3 

22 

1.215 

1.211 

1.207 

1.203 

24 

1.236 

1.232 

1.22B 

1.224 


lion of heat loads with ordinary brine as 
well as for any problems dealin;? with 
frozen brines.' Tables 3 and 8 show the 
flensity, commonly used as the measure of 
salt ennceiitration. Viscosities are Kiven in 
Tables 4 and 9, Chapter 6, on fluid flow, 
presents additional data on viscosity. 
Tables 15 and 16 show the tliernial con¬ 
ductivity of calcium and sodium brines at 
varying temperatures and concentrations.'^ 

Tables 5 and 10 give data on the vapor 
pressures existing over salt solutions, in 
equilibrium with them. The temperature 
corresponding to the vapor pressure given, 
can be considered the boiling point of the 
solution at that pressure. A common exam¬ 
ple of the use of Tables 5 and 10 is to de¬ 
termine the amount of water to be taken 
up by a salt in coming into equilibrium 
with the vapor pressure of the moisture 
existing in the atmosphere. These tables 
also show w^hat temperature would result 
from the establishment of a stated pressure 
above a solution, a principle used in some 
refrigerating machines to establish tem¬ 
peratures below the ordinary. 

An elementary method of producing a 
lowering of temperature is by the mixing 
of Balts. The effect of several mixtures is 
indicated in Table 11. 


2. Freezing of brines. A solution of any 
salt in water has a certain concentration 
at which the freezing point is lowest. A 
solution of this concentration is called a 
eutectic mixture, or cryohydrate, and the 
temperature at which it freezes is the 
eutectic temperature. A solution at any 
other concentration will start to freeze at 
a higher temperature, and as the tempera¬ 
ture is lowered, will freeze out pure ice or 
salt, the remaining liquid approaching the 
eutectic concentration, until the final freez¬ 
ing takes place at the eutectic point. 

Referring to Fig, 1, if a solution of con¬ 
centration .T, less than the eutectic, at a 
temperature above 32 F, is cooled, it will 
not solidify when 32 is reached (point A), 
but will continue to cool as a liquid until 
point R is reached. At this point ice crys¬ 
tals of pure w^'lte^ will begin to form, ac¬ 
companied by the removal of their latent 
heat. The removal ul this water from the 
solution increases the concentration of the 
residual solution. As the temperature is 
lowered these crystals continue to form, 
and the mixture of ice crystals and brine 
solution forms a slush. When point C is 
reached, there is a mixture of ice crystals, 
Ci, and brine solution of concentration Ci, 
in the proportions of h parts of brine to I 2 
parts of ice crystals in parts of mix¬ 

ture. When the process has continued to 


Table 4. Calcium Chloride Viscosity 



Viscosity (in c 

entipoisBs)^ 


% 

-13 F 

-4F 

14 F 

32 F 

50 F 

1.6 




1.BD4 

1.319 

3.4 




1.B54 

1.358 

5.0 




1.922 

1.407 

6.B 




2.001 

1.461 

B.7 




2.104 

1.515 

10.5 




2.211 

1.608 

12.2 




2.334 

1.702 

14.1 




2.491 

1.809 

16.0 



4.217 

2.677 

1.947 

17.8 



4.521 

2.888 

2.113 

19.B 



4.B94 

3.119 

2.310 

21.B 


B.522 

5.335 

3.413 

2.560 

23.7 

11.499 

9.326 

5.B50 

3.761 

2.844 

25.7 

12.901 

10.513 

6.585 

4.217 

3.197 

27.6 

14.955 

12.013 

7.571 

4.854 

3.678 

29.7 


14.269 

B.B60 

5.6BB 

4.335 

34.0 




8.164 

6.119 

37.2 




10.861 

7.870 
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Table 5. Calcium Chloride Vapor Preaeure 

Vapor preaaure above Bolutions, mm Hg* 


Sp gr 
■t 60 F 

Temperaturs. deg F 

42. B 

39.2 

35.6 

32 

28.4 

24.8 

21.2 

17.6 

14 

10.4 

6.8 

3.2 

— .4 

-4.0 

1.00 

7.01 

6.10 

5.29 

4.58 

3.88 

3.28 

2.76 

2.32 

1.95 

1.63 

1.36 

1.13 

0.94 

0.77 

1.01 

6.97 

6.07 

5.26 

4.56 











1.02 

6.93 

6.03 

5.23 

4.53 











1.03 

6.90 

6.00 

5.20 

4.50 











1.04 

6 .B6 

5.96 

5.17 

4.48 

3.86 










1.05 

6.B1 

5.92 

5.13 

4.45 

3.83 










1.06 

6.76 

5.BB 

5.10 

4.42 

3.81 










1.07 

6.71 

5.B4 

5.06 

4.38 

3.78 

3.26 









l.OB 

6.66 

5.79 

5.02 

4.35 

3.75 

3.23 









1.09 

6.60 

5.74 

4.98 

4.31 

3.72 

3.21 

2.76 








1.10 

6.56 

5.70 

4.95 

4.28 

3.69 

3.18 

2.74 








1.11 

6.49 

5.65 

4.90 

4.24 

3.66 

3.15 

2.71 

2.32 







1.12 

6.41 

5.58 

4.84 

4.19 

3.61 

3.11 

2.68 

2.29 







1.13 

6.36 

5.53 

4.80 

4.15 

3.58 

3.09 

2.65 

2.27 

1.94 






1.14 

6.28 

5.46 

4.74 

4.10 

3.54 

3.05 

2.62 

2.25 

1.92 






1.15 

6.20 

5.40 

4.68 

4.05 

3.49 

3.01 

2.59 

2.22 

1.90 

1.62 





1.16 

6.13 

5.33 

4.62 

4.00 

3.45 

2.97 

2.56 

2.19 

1.87 

1.60 

1.35 




1.17 

6.03 

5.25 

4.55 

3.94 

3.40 

2.93 

2.52 

2.16 

1.84 

1.57 

1.33 




1.18 

5.93 

5.16 

4.47 

3.87 

3.34 

2.88 

2.48 

2.12 

1.81 

1.54 

1.31 

1.11 



1.19 

5 .83 

5.07 

4.40 

3.81 

3.29 

2.83 

2.44 

2.09 

1.78 

1.52 

1.29 

1.09 

0.92 


1.20 

5.71 

4.97 

4.31 

3.73 

3.22 

2.77 

2.39 

2.04 

1.75 

1.49 

1.26 

1.07 

0.91 

0.76 

1.21 

5.59 

4.87 

4.22 

3.65 

3.15 

2.72 

2.34 

2.00 

1.71 

1.46 

1.24 

1.05 

0.89 

0.75 

1.22 

5.47 

4.76 

4.12 

3.57 

3.08 

2.65 

2.28 

1.95 

1.67 

1.42 

1.21 

1.03 

0.87 

0.73 

1.23 

5.30 

4.61 

4.00 

3.46 

2.99 

2.57 

2.21 

1.90 

1.62 

1.38 

1.17 

1.00 

0.85 

0.71 

1.24 

5.15 

4.48 

3.88 

3.36 

2.90 

2.50 

2.15 

1.84 

1.57 

1.34 

1.14 

0.97 

0.82 

0.69 

1.25 

4.98 

4.33 

3.75 

3.25 

2.80 

2.42 

2.08 

1.78 

1.52 

1.29 

1.10 

0.93 

0.79 

0.66 

1.26 

4.77 

4.14 

3.59 

3.11 

2.68 

2.31 

1.99 

1.70 

1.46 

1.24 

1.05 

0.89 

0.75 

0.63 



Fig. 1. Brine Mixture 


point D, there is a, mixture of m\ parts of 
eutectic brine solution Di, and parts of 
ice, D 2 , all at the eutectic temperature. As 
more heat is removed, the mi parts of 
eutectic brine freeze at uniform tempera¬ 
ture, until all of the latent heat is removed. 
The frozen eutectic mixture is a mechani¬ 
cal mixture of salt and frozen water, not 
a solution, and consequently the latent 
heat must be corrected for the heat of 
solution. If this is positive it decreases the 
effective latent heat, if negative it increases 
it. 

If the initial solution is of greater con¬ 
centration than the eutectic, salt freezes 
out as the temperature is lowered, instead 
of water, and the concentration is de¬ 
creased until at the eutectic temperature 
the eutectic concentration is reached. In 
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brines used as a refrigerating fluid, salt 
sometimes freezes out due to the use of too 
high concentrations. 

The upper right branch of the curve in 
Fig. 1 gives the solubility—point E at 
32 F, point F at some higher temperature. 

On melting a eutectic brine, the water 
must redissolve the salt, which may require 
agitation, circulation or other mixing aids. 

The total heat of CaCU solutions at vari¬ 
ous temperatures and concentrations is 
shown in Table 2. The —59.8 horizontal 
line represents the eutectic temperature, 
and the lower horizontal line in each col¬ 
umn represents the temperature at which 
ice crystals start to freeze out. In Table 7 
similar data are given for NaCl. Table 12 
gives the eutectic concentrations and tem¬ 
peratures for a number of two-component 


systems. The data are adapted from the 
International Critical Tables (which con¬ 
tain data on many additional systems, in¬ 
cluding some three-component systems). 

Table 13 shows the concentration and 
freezing point of some aqueous solutions 
(non-eutectic). Other non-eutectic solu¬ 
tions can be found in the International 
Critical Tables. 

Figs. 2 and 3 show the variations in 
specific heat of calcium chloride and so¬ 
dium chloride brine solutions with changes 
in concentration and temperature. 

The applications of brine in refrigeration 
are mainly in the industrial machinery 
field where the calcium chloride solution is 
the standard secondary refrigerating me¬ 
dium. Corrosion is the principal problem 
met in use of calcium chloride brines, es- 


Table 6. Properties of Pure Sodium Chloride (NeCl) Brine 


Pure 

Specific^ 

Beaumll 

density 
60 F 

Sal- 

Specific 

heat 

59 F 
Btu/lb 
deg F 

Freez- 

Weight per gallon'^ 

Weight per cubic foDt"' 

NaCl 
% by 
wt 

gravity ■ 
59 F 1 
39 F 

ometeri 
59 F 
39 F 

ing 

point 

degF 

NaCl 

Ib/gal 

Water 

Ib/gal 

Brine 

Ib/gal 

NaCl 

Ib/cu 

ft 

Water 

Ib/cu 

ft 

Brine 

Ib/cu 

It 

0 

1.000 1 

0.0 

0.0 

1.000 

32.0 

0.000 

B.34 

B.34 

0.000 

62.40 

62.4 

5 

1.035 

5.1 

IB.2 

0.93B 

27.0 

0.432 

B.Z2 

B.65 

3.230 

61.37 

64.6 

6 

1.043 

6.1 

22.5 

0.927 

25.5 

0.523 

B.19 

B.71 

3.906 

61.19 

65.1 

7 

1.050 

7.0 

26.0 

0.917 

24.0 

0.613 

B,15 

B.76 

4.5B5 

60.91 

65.5 

B 

1.057 

B.O 

29.6 

U.907 

23.2 

0.706 

B.ll 

B.B2 

5.ZB0 

60.72 

66.0 

9 

1.065 

9.0 

33.5 

0.897 

21.8 

O.BOO 

B.09 

B.B9 

5.985 

60.51 

66.5 

10 

1.072 

10.1 

37.2 

O.BBB 

20.4 

0.B95 

B.05 

B.95 

6.690 

60.21 

66.9 

11 

l.OBO 

10 .B 

41.1 

O.B79 

IB.5 

0.992 

B.D3 

9.02 

7.414 

59.99 

67.4 

12 

1.0B7 

11 .S 

44. B 

0.B70 

17.2 

1.D9D 

7.99 

9.OB 

B.136 

59.66 

67.B 

13 

1.095 

12.7 

4B.7 

0.B62 

15.5 

I.IBB 

7.95 

9.14 

B.B79 

59.42 

6B.3 

14 

1.103 

13.6 

52.6 

0.854 

13.9 

1.291 

7.93 

9.22 

9.632 

59.17 

68 . B 

15 

1.111 

14.5 

56.B 

0.B47 

12.0 

1.392 

7.B9 

9.2B 

10.395 

58.90 

69.3 

16 

l.llB 

15.4 

60.0 

O.840 

10.2 

1.493 

7.B4 

9.33 

11.16B 

5B.63 

69.B 

17 

1.126 

16.3 

64.0 

0.833 

B.2 

1.59B 

7.BD 

9.40 

11.951 

58.36 

70.3 

IB 

1.134 

17.2 

68.0 

0.B26 

6.1 

1.705 

7.76 

9.47 

12.744 

58.06 

70.8 

19 

1.142 

IB.I 

71.7 

0.819 

4.0 

1.B13 

7.73 

9.54 

13.547 

57.75 

71.3 

20 

1.150 

19.0 

75.2 

0.B13 

-h l.B 

1.920 

7.6B 

9.60 

14.360 

57.44 

71. B 

21 

1.15B 

19.9 

79.1 

0.BO7 

- O.B 

2.031 

7.64 

9.67 

15.1B3 

57.12 

72.3 

22 

1.166 

20 .B 

B2.B 

0.B02 

- 3.0 

2.143 

7.60 

9.74 

16.016 

56.7B 

72.B 

23 

1.175 

21.7 

B6.B 

0.796 

- 6.0 

2.256 

7.55 

9.81 

16.B54 

56.45 

73.3 

24 

1.1B3 

22.5 

90.2 

0.791 

-h 3.B 

2.371 

7.51 

9.SB 

17.712 

56.09 

73.8 

25 

25.2 

1.191 

1.200 

23.4 

94.0 

0.7B6 

-1-16.1 

-l-JZ.O 

Z.4BB 

7.46 

9.95 

IB.575 

55.72 

74.3 


wt of pure NaCl rDquired 

• Wt of Dommeruial NaCl requirad -- 

per cent purity 
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Table 7. Enthalpy (NaCl) 

Enthalpy in Btu per lb from 32 F, where it ia 200 minus heat of aolution^ 


Sp er 

1.04 

1.06 

1.08 

1.10 

1.12 

1.14 

1.16 

I.IB 

Lb NaCl 
per 100 lb 
solution 

5.5 

8.2 

10.9 

13.5 

16.1 

IB.6 

21.1 

23.5 

Freezing 

point, 

degF 

26.0 

12.7 

19.0 

14.9 

10.4 

5.4 

— 0.3 

-3.6 

Lb NaCl 
per gal 
solution, 
60 F 

0.48 

0.73 

0.98 

1.24 

1.50 

1.77 

2.04 

2.31 

Lb Bolu- 
tion per 
gal, 60 F 

8.67 

8.84 

9.00 

9.17 

9.34 

9.50 

9.67 

9.84 

Deg F 
-6.03 1= 

46.46 

50.34 

54.35 

58.29 

62.17 

65.96 

69.98 

72.93 

-6.03 

70.26 

86.12 

101.77 

117.16 

132.29 

147.11 

161.65 

174.35 

-4 

72.42 

88.88 

105.12 

121.09 

136.79 

152.17 

167.26 

176.03 

-2 

74.65 

91,74 

10B.60 

125.19 

141.48 

157.45 

173.13 

177.59 

0 

77.05 

94.86 

112.43 

129.71 

146.70 

163.34 

17B.9B 

179.16 

2 

7P.66 

98.28 

116.67 

134.74 

152.49 

169.90 

1B0.56 

1B0.73 

4 

82.50 

102.06 

121.35 

140.33 

158.98 

177.25 

182.15 

182.29 

6 

85.61 

106.22 

126.57 

146.57 

166.23 

1 183.47 

183.74 

183.86 

B 

89.OP 

110.95 

132.50 

153.73 

174.56 1 

185.09 

185.33 

185.43 

10 

93.10 

116.45 

139.48 

162.16 

184.41 

186.71 

186.92 

187.00 

12 ^ 

97.72 

122.90 

147.70 

172.13 

188.00 

188.33 

188.51 

188.58 

14 -s 

C/] 

16 % 

103.14 

130.47 

157.44 

183.96 1 

189.66 

189.96 

190.11 

190.15 

109.60 

139.62 

169.24 

1 190.85 

191.31 

191.58 

191.71 

191.72 

IB S 

•a 

117.62 

151.09 

184.13 

1 192.54 

192.57 

193.21 

193.30 

193.30 

20 1 

127.97 

166.04 

1 193.64 

194.24 

194.63 

194.83 

194.90 

194.88 

22 

141.96 

186.43 1 

195.39 

195.94 

196.29 

196.46 

196.50 

196.45 

24 

162.72 

1 196.38 

197.14 

197.63 

197.94 

198.09 

198.10 

198.03 

26 

196.19 

198.18 

198.88 

199.33 

199.61 

199.72 

199.70 

199.61 

2B 

199.00 

199.98 

200.63 

201.03 

201.27 

201.34 

201.30 

201.19 

30 

200.85 

201.77 

202.38 

202.74 

202.94 

202.98 

202.91 

202.77 

32 

202.71 

203.57 

204.12 

204.44 

204.60 

204.61 

204.51 

204.35 

34 

204.57 

205.37 

205.87 

206.14 

206.26 

206.24 

206.11 

205.93 

36 

206.43 

207.17 

207.62 

207.85 

207.93 

207.BB 

207.72 

207.51 

3B 

20B.29 

20B.97 

209.37 

209.56 

209.60 

209.51 

209.33 

209.10 

-2 

210.15 

210.7B 

211.12 

211.26 

211.27 

211.15 

210.94 

210.66 

3 

42 .S' 

212.01 

212.57 

212.87 

212.97 

212.94 

212.79 

212.54 

212.27 

44 

213.87 

214.3B 

214.62 

214.68 

214.61 

214.43 

214.16 

213.86 

46 

215.73 

216.IB 

216,3B 

216.39 

216.29 

216.07 

215.77 

215.44 

4B 

217.59 

217.99 

218.14 

218.11 

217.96 

217.71 

217.38 

217.03 

50 

219.46 

219.BO 

219.89 

219.82 

219.63 

219.34 

218.99 

218.62 
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pecially in ice-making tanks where galvan¬ 
ized iron cans are immersed. 

Calcium chloride is also used in machin¬ 
ery of intermediate sizes to provide hold¬ 
over capacity in refrigeration storage tanks 
or plates. Corrosion treatment in this class 
of work is not readil}'^ applied by the user, 
but manufacturers may supply the treat¬ 
ment or service. 

Ordinary salt is used where contact with 
calcium chloride could not be tolerated, as 
for example in the brine fog method of 
freezing fish anfl other foods. A common 
application now is in air cooling in unit 
coolers, as spray, preventing formation of 
frost on coils. For most refrigerating work 
the lower freezing pf)int of calcium makes 
its use more convenient. 



Fig 2. Specific Heat of Calcium Chloride 


Eutectic brine in metal containers is 
often used in place of dry ice for ice-cream 
cabinets and truck refrigeration. The 
eutectic brine, in metal containers, is 
frozen in cold rooms or by means of re¬ 
frigeration coils built ill the eutectic con¬ 
tainer. 

Propylene glycol solution finds some use 
as a brine, principally in the brewing and 
ice cream industries. It is colorless, prac- 

Table B. Sodium Chloride Density 

iSpccific gnivity refers tu wiiter at 00 F 


Sp gr Densities (gr per cc) 


Vf 

/o 

14 F 

32 F 

50 F 

68 F 

5 


1.0382 

1.0366 

1.0341 

6 


1.0459 

1.0440 

1.0413 

7 


1.0536 

1.0515 

1.0486 

B 


1.0613 

1.0590 

1.0559 

9 


1.0691 

1.0665 

1.0633 

10 


1.0769 

1.0741 

1.0707 

11 


1.0B49 

1.0817 

1.0782 

12 


1.0925 

1.0897 

1.0857 

13 


1.1004 

1.0971 

1.0933 

14 


1.1083 

1.1048 

1.1009 

15 

1.1195 

1.1163 

1.1126 

1.1086 

16 

1.1277 

1.1243 

1.1205 

1.1163 

17 

1.1359 

1.1323 

1.1284 

1.1241 

IB 

1.1442 

1.1404 

1.1363 

1.1319 

19 

1.1535 

1.1486 

1.1444 

1.1398 

20 

1.1608 

1.1568 

1.1524 

1.1478 

21 

1.1692 

1.1651 

1.1606 

1.1559 

22 

1.1777 

1.1734 

1.1688 

1.1640 

23 

1.1B62 

1.1818 

1.1771 

1.1721 

24 

1.194B 

1.1902 

1.1B54 

1.1804 
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Table 9. Sodium CUoride Viscosity 



ViacDsitlBB (centlpoisea)" 


% 

5 F 

14 F 

23 F 

32 F 

55F 

4.9 




1.B24 

1.36B 

5.9 




1.B49 

1.3BB 

7.0 




1.878 

1.412 

B.O 



2.297 

1.912 

1.437 

9.1 



2.349 

1.952 

1.466 

10 .z 



2.403 

1.991 

1.496 

11.3 



2.464 

2.040 

1.530 

12.3 



2.525 

2.091 

1.564 

13.4 


3.212 

2.499 

2.153 

1.606 

14.5 


3.320 

2.6B2 

2.224 

1.640 

15.6 


3.437 

2.768 

Z.30B 

1.701 

16.7 


3.575 

2.B74 

2.391 

1.755 

17.9 

4.629 

3.741 

3.011 

2.490 

1.B13 

19.0 

4.B30 

3.90B 

3.14B 

2.592 

1.872 

20.1 

5.056 

4.009 

3.295 

2.702 

1.941 

21.2 

5.291 

4.310 

3.454 

2.820 

2.004 

22.3 

5.556 

4.521 

3.624 

2.947 

2.098 

23.5 

5.B65 

4.791 

3.B17 

3.091 

2.199 

24.7 


5.105 

4.026 

3.246 

2.316 

25.9 




3.433 

2.463 


tically odorless, non-corrosive chemically 
and inhibits bacterial growth. Table 14 


gives the properties of pure propylene 
glycol. In solution the specific gravity 
varies little, being 1.020 at 20% glycol and 

I. 055 at 60% glycol, both at 23 F. 

For information on the application of 
these brines in respect to brine coolers, re¬ 
fer to Chap. 26. 
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Table 10. Sodium Chloride Vapor Pressure'* 

Vapor pressure above solutions in mm of mercury" 


Temperature, deg F 


at 60F 

42.B 

39.2 

35.6 

32.0 

28.4 

24.8 

21.2 

17.6 

14.0 

10.4 

6.8 

3.2 -0.4 

1.00 

7.01 

6.10 

5.29 

4.59 

3.BB 

3.28 

2.76 

2.32 

1.95 

1.63 

1.36 

1.13 0.94 

1.01 

6.94 

6.04 

5.24 

4.54 









1.02 

6.BB 

5.99 

5.20 

4.50 









1.03 

6.82 

5.94 

5.15 

4.46 

3.B4 








1.04 

6.76 

5.99 

5.10 

4.42 

3.81 








1.05 

6.69 

5.BZ 

5.05 

4.37 

3.77 

3.25 







1.06 

6.62 

5.76 

5.00 

4.33 

3.74 

3.22 







1.07 

6.56 

5.70 

4.95 

4.29 

3.70 

3.18 







l.OB 

6.4B 

5.64 

4.B9 

4.23 

3.65 

3.15 

2.71 






1.D9 

6.41 

5.5B 

4.B3 

4.19 

3.61 

3.11 

2.68 

2.29 





1.10 

6.34 

5.52 

4.79 

4.14 

3.57 

3.08 

2.65 

2.27 

1.94 




1.11 

6.26 

5.45 

4.72 

4.09 

3.54 

3.04 

2.61 

2.24 

1.91 




1.12 

6.17 

5.37 

4.66 

4.03 

3.4B 

3.00 

2.58 

2.21 

1.89 

1.61 



1.13 

6.09 

5.30 

4.60 

3.99 

3.4B 

2.96 

2.54 

2.IB 

1.86 

1.59 

1.35 


1.14 

6.00 

5.22 

4.53 

3.92 

3.3B 

2.91 

2.51 

2.15 

1.83 

1.56 

1.33 

1.13 

1.15 

5.91 

5.14 

4.46 

3.86 

3.33 

2.78 

2.47 

2.11 

1.81 

1.54 

1.31 

1.11 

1.16 

5.B2 

5.06 

4.39 

3.BO 

3.2B 

2.82 

2.43 

2.08 

1.77 

1.52 

1.29 

1.09 0.92 

1.17 

5.17 

4.97 

4.30 

3.73 

3.22 

2.77 

2.38 

2.04 

1.74 

1.49 

1.26 

1.07 0.90 
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Table Hi EndothermeJ MixtureB’ 

Mixture. T.mp.r.ture drop, 

deg F 


Snow 

Calcium chloride, 
crystallized 


Ammonium nitrate 
Water 

Ammonium chloride 
Potassium nitrate 
Water 

Ammonium chloride 
Potassium nitrate 
Sodium sulfate 
Water 

Sodium nitrate 
Nitric acid, diluted 

Ammonium nitrate 
Sodium carbonate 
Water 

Sodium phosphate 
Nitric acid, diluted 

Sodium sulfate 
Sulfuric acid, diluted 

Sodium sulfate 
Ammonium chloride 
Potassium nitrate 
Nitric acid, diluted 

Sodium sulfate 
Ammonium nitrate 
Nitric acid, diluted 

Snow or pounded ice 
Sodium chloride 


From +40 to + 4 


From +50 to +10 


From +50 to + 4 


From +50 to — 3 


From +50 to — 7 


From +5o to —12 


From +50 to + 3 


From +50 to —10 


From f 50 to —40 


From +50 to — 5 


From +32 to —50 


From +32 to —51 


Table 12. Eutectic Points of Aqueous 
Solutions'^ 


Substance 

Eutectic 

concen¬ 

tration 

wt of 
solute 

wt of 
solution 

Eutectic 

temper¬ 

ature, 

degF 

Ammonium nitrate (NH 4 NO 2 ) 

.428 

+ 2.0 

Ammonium chloride (NH 4 CI) 

.191 

+ 4.3 

Calcium chloride (CaCb) ! 

.324 

- 59.B 

Sodium chloride (NaCl) 

.233 

- 6.0 

Sodium sulfate (Na 2 S 04 ) 

.049 

+ 30.0 

Sodium nitrate (NaNOa) 

.397 

+ 0.6 

Sodium carbonate (NaaCOy) 

.080 

+ 28.2 

Potassium chloride (KCl) 

.197 

+ 12.8 

Potassium sulfate (KiS 04 ) 

.065 

+ 28.3 

Potassium nitrate (KNOa) 

.112 

+ 26.6 

Potassium carbonate (KCOg) 

.355 

- 34.7 

Methyl alcohol (CH 4 O) 

.695 

-164 

Ethyl alcohol (C^HnO) 

.763 

- 94 

Glycerine (CgHbOj) 

.669 

- 60.4 


Snow or pounded ice 
Sodium chloride 
Ammonium chloride 


From +50 to —12 


Table 13. See page 2lB. 


Snow or pounded ice 
Sodium chloride 
Ammonium chloride 
Potassium nitrate 

Snow or pounded ice 
Sodium chloride 
Ammonium nitrate 

Snow 

Sulfuric acid, diluted 
Snow 

Hydrochloric acid 
Snow 

Nitric acid, diluted 
Snow 

Calcium chloride 


From +50 to —IB 


From +50 to —25 


From +32 to —23 


From +32 to -27 


From +32 to —30 


From +32 to —40 


Table 14. Properties of Pure 
Propylene Glycol 


Molecular weight 

76.06 

Boiling point, deg F 

369.1 

Specific gravity at 68 F 

1.0381 

Weight per gal at 68 F, lb 

8.64 

Surface tension at 77 F, dynes per cm 

40.1 

Viscosity at 77 F, poises 

0.406 

Specific heat at 68 F, Btu per lb F 
Latent heat of evaporation at boiling 

0.590 

point, Btu per lb 

Flash Point (A5TM Open Cup), 

303.5 

degF 

Coefficient of eipansion at 68 F 

210.2 

(per deg F) 

0.000386 
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Table 13. Freezing Points of Aqueous Solutions 


Alcohol Glycerine Ethylene Glycol Propylene Glycol 


% by wt 

desF 

% by wt 

degF 

% by vul 

deg F 

% by vdI 

deg F 

5 

28.0 

10 

29.1 

15 

22.4 

5 

29.0 

10 

23.6 

20 

23.4 

20 

16.2 

10 

26.0 

15 

10.7 

30 

14.9 

25 

10.0 

15 

22.5 

20 

13.2 

40 

4.3 

30 

3.5 

20 

19.0 

25 

5.5 

50 

- 9.4 

35 

- 4.0 

25 

14.5 

30 

- 2.5 

60 

-30.5 

40 

-12.5 

30 

9.0 

35 

-13.2 

70 

-38.0 

45 

- 22.0 

35 

2.5 

40 

-21.0 

• 80 

- 5.5 

50 

-32.5 

40 

- 5.5 

45 

-27.5 

90 

+29.1 



45 

-15.0 

50 

-34.0 

100 

+ 62.6 



50 

-25.5 

55 

-40.5 





55 

-39.5 







59 

-57.0 







Above fiO% fails to crys- 







tallize 

at -99.4 F 



Table 15. 

Thermal Conductivity of CaCl> 

Brine'- 





Bill ft per hr sq ft F 




% salt 

68 F 

SO F 

32 F 

14 F 

-4 F 

-22 F 

-40 F 

5 

0.343 

0.333 

0.324 





10 

0.338 

0.329 

0.321 





15 

0.335 

0.326 

0.317 

0.308 




20 

0.331 

0.323 

0.314 

0.305 




25 

0.328 

0.319 

0.310 

0.302 

0.294 

0.286 


30 

0.323 

0.315 

0.307 

0.298 

0.291 

0.283 

0.275 

31.4 

0.323 

0.314 

0.305 

0.297 

0.290 

0.282 

0.274 Eutectic 

35 

0.321 

0.313 

0.303 

0.295 




40 

0.317 

0.309 







Table 16. Thermal Conductivity of NaCl Brine'- 
Btu ft in>r hr sq ft F 


% salt 

68 F 

50 F 

32 F 

14 F 

0 

0.346 

0.337 

0.327 


5 

0.343 

0.334 

0.325 


10 

0.339 

0.331 

0.322 


15 

0.336 

0.328 

0.319 

0.310 

20 

0.334 

0.325 

0.316 

0.307 

23.5 

0.332 

0.323 

0.315 

0.305 

25 

0.331 

0.322 

0.313 

0.304 


0.296 


Eutectic at — 6 F 














10. PSYCHROMETRIC TABLES 


^ I CABLES presented here include data on 
^ the properties of dry air, saturated ice, 
saturated water, saturated steam, and mix¬ 
tures of dry air and saturated steam in the 
range of temperatures from —160 F to 
liOU F. 

Although properties of dry air and of the 
mixture of dry air and saturated steam are 
given, directly, only for a total pressure of 
29.921 in. Tig abs, suflicient information is 
given so that these properties may be 
found for any other total pressure. Table 3 
shows for the range in question all of the 
items in the following development. Ta¬ 
bles 1 and 2 are arranged for general use 
with certain of the developmental items 
omitted. 

There follows a summary of data used in 
preparation of the tables: 


.1 .s'.sumed covL'posiiion of dry air: 



Fraction 

Fraction 

Cumiiiuent 

hy 

«/ 


volume 

weight 

Nitrogen 

0.7803 

0.7547 

Oxygen 

0.2099 

0.2319 

Monatomic gases 
(principally argon) 

0.0094 

0.0130 

Carbon dioxide 

0.0003 

0.0004 

Hydrogen 

0.0001 

0.0000 


Based upon this analysis, the equivalent 
molecular weight of dry air is 28.966 Ib per 
mol. 

Equation of state for dry air is the Beat- 
tie-Bridgeman form with all vjrial coeffi¬ 
cients beyond the second ignored. 


Va =Vl-V, 

53.35(C-|-459.7) 


-0.0225-1- 


13.06 3.87(10)» 


: + 


i-l-459.7 (f-|-459.7)=‘ 


Specific heat at constant pressure of dry 
air. The values of the molal specific heat 
at zero pressure of nitrogen and oxygen as 
calculated from quantum theory and 


spectroscopic data by Johnston and Davis 
and Johnston and Walker were used to de¬ 
rive an empirical equation for tlie specific 
heat of dry air at zero pressure as a func¬ 
tion of temperature. (I'or the monatomic 
gases present in dry air, a constant value 
of the specific heat at zero pressure of 
0.124 Btu/lb r was used.) 

For the range in temperature covered 
by the tables, the specific heat at zero 
pressure of dry air is: 

CpW =0.2397-1-4.08(10)-*«-f 9.24(10)--“^ 

where I is in degrees F. 

The enthalpy of dry air was calculated 
from the following equation: 

ha = hi — /la, 

where 





778.18 ' 



.0225 + 


26.12 

( 7 + 169 ^ 7 ^ 


i5.4iirioi‘' 

’*”(<+41)9.7)* 


The specific enthalpy of dry air was as¬ 
signed, arbitrarily, a zero value at t-=0 F 
and at a dry air pressure of 29.921 in. Hg 
abs, BO hao = -0.1366 Btu/lb. 

Properties of saturated ice, saturated 
water, and saturated steam. The thermo¬ 
dynamic properties of ice, water, and 
steam were taken from the tables pre¬ 
pared by Goff and Gratch presented in 
[Ieating, Piping and Air Conditioning, 
February, 1946, and also in the 1946 
A.S.H.V.E. Guide. 

Properties of mixtures of dry air and 
saturated steam. In preparing these tables, 
the Gibbs-Dalton Law was assumed to 


1219 1 
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Table 1. Thermodynamic Properties of Air, Water and Steam (Continued) 


Tomper- 

ature, 

F 

1 

Properties of Water and Steam 

Properties of Dry 

Air at a Pressure 
of 29.921 in. 

Hg abs 

Properties of Mixture of 

Dry Air and Sat Steam 
at a Total Pressure of 

29.921 in. Hg abs 

Saturation 
pressure 
of water 
a steam, 
in. Hg 

P- 

Enthalpy 
of sat 
water, 
Btu/lb 

A/ 

Enthalpy 
of sat 
'steam, 
Btu/lb 

ha 

Specific 
volume 
of sat 
steam, 
cuft/lh 

Vg 

True 
specific 
volume, 
cu ft/lb 

Enthalpy, 

Btu/lb 

hn 

Volume 

of 

mixture 
per lb of 
dry air, 
ft-> 

i;* 

Enthalpy 

of 

mixture 
per lb of 
dry air, 
Btu 

h, 

Specific 
humidity, 
ffrains 
per lb of 
dry air 

w. 

91 

1.4671 

59.0 

1100.9 

454.3 

13.880 

21.88 

14.60 

57.25 

224.9 

92 

1.5136 

60.0 

1101.3 

441.1 

13.905 

22.12 

14.65 

58.69 

232.4 

g3 

1.5613 

61.0 

1101.7 

428.4 

13.930 

22.36 

14,70 

60.16 

240.1 

94 

1.6103 

62.0 

1102.2 

416.1 

13.955 

22.60 

13.75 

61.67 

248.1 

95 

1.6607 

63.0 

1102.6 

404.2 

13.981 

22.84 

14.80 

63.22 

256.4 

96 

1.7124 

64.0 

1103.0 

392.7 

14.006 

23.08 

14.86 

64.82 

264.8 

97 

1.7655 

65.0 

1103.4 

381.5 

14.031 

23.32 

14.91 

66.45 

273.6 

9B 

1.8200 

66.0 

1103.9 

370.7 

14.057 

23.56 

14.97 

68.13 

282.6 

99 

1.8759 

67.0 

1104.3 

360.3 

14.082 

23.80 

15.02 

69.86 

291.9 

lOD 

1.9334 

68.0 

1104.7 

350.2 

14.107 

24.04 

15.08 

71.62 

301.5 

101 

1.9923 

69.0 

1105.2 

340.4 

14.132 

24.28 

15.14 

73.44 

311.3 

102 

2.0529 

7o.o 

1105.6 

331.0 

14.157 

24.52 

15.20 

75.31 

321.5 

103 

2.1149 

71.0 

1106.0 

321.8 

14.183 

24,76 

15.26 

77.22 

332.0 

104 

2.1786 

72.0 

1106.4 

313.0 

14.208 

25.00 

15.32 

79.19 

342.8 

105 

2.2440 

73.0 

1106.9 

304.4 

14.233 

25.24 

15.39 

81.21 

353.9 

106 

2.3110 

74.0 

1107.3 

296.0 

14.259 

25.48 

15.45 

83.29 

365.4 

107 

2.3798 

75.0 

1107.7 

288.0 

14.284 

ZS.72 

15.52 

85.42 

377.2 

LOB 

2.4503 

76.0 

1108.2 

280.2 

14.309 

25.96 

15.59 

87.62 

389.4 

109 

2.5226 

77.0 

1108.6 

272.6 

14.334 

26,20 

15.65 

89.87 

402.0 

LID 

2.5968 

78.0 

1109.0 

26S.3 

14.360 

26.45 

15.72 

92.19 

414.9 

111 

2.6728 

79.0 

1109.4 

258.2 

14.385 

26.69 

15.80 

94.58 

428.3 

112 

2.7507 

80.0 

1109.9 

251.3 

14.410 

26.93 

15.87 

97.03 

442.1 

113 

2.8306 

81.0 

1110.3 

244.6 

14.435 

27.17 

15.94 

99.55 

456.3 

114 

2.9125 

82.0 

1110.7 

238.1 

14.461 

27.41 

16.02 

102.16 

471.0 

115 

2.9963 

83.0 

1111.1 

231.8 

14.486 

27.65 

16.10 

104.81 

486.1 

116 

3.0823 

84.0 

1111.6 

225.8 

14.511 

27.89 

16.18 

107.55 

501.6 

117 

3.1703 

85.0 

1112.0 

219.9 

14.537 

28.13 

16.26 

110.38 

517.7 

IIB 

3.2606 

86.0 

1112.4 

214.1 

14.562 

28.37 

16.34 

113.29 

534.3 

119 

3.3530 

87.0 

1112.8 

208.6 

14.587 

28.61 

16.43 

116.28 

551.4 

120 

3.4477 

88.0 

1113.3 

203.2 

14.612 

2B.B5 

16.51 

119.36 

569.0 

121 

3.5446 

89.0 

1113.7 

197.9 

14.637 

29.09 

16.60 

122.52 

587.2 

1Z2 

3.6439 

90.0 

1114.1 

192.9 

14.663 

29.33 

16.70 

125.79 

606,0 

123 

3.7455 

91.0 

1114.5 

188.0 

14.688 

29.57 

16.79 

129.15 

625.3 

124 

3.8496 

92.0 

1114.9 

183.2 

14.713 

29.82 

16.89 

132.61 

645.3 

125 

3.9561 

93.0 

1115.4 

178.5 

14.739 

30.06 

16.98 

136.17 

665.9 

126 

4.0651 

94.0 

1115.8 

174.0 

14.764 

30.30 

17.08 

139.88 

687.2 

127 

4.1768 

95.0 

1116.2 

169.6 

14.789 

30.54 

17.19 

143.64 

709.2 

128 

4.2910 

96.0 

1116.6 

165.4 

14.814 

30.78 

17.29 

147.54 

731.9 

129 

4.4078 

97.0 

1117.0 

161.3 

14.839 

31.02 

17.40 

151.57 

755.4 

130 

4.5274 

98.0 

1117.5 

157.3 

14.865 

31.26 

17.52 

155.72 

779.6 

131 

4.6498 

99.0 

1117.9 

153.4 

14.890 

31.50 

17.63 

160.00 

804.6 

132 

4.7750 

100.0 

1118.3 

149.6 

14.915 

31.74 

17.75 

164.43 

830.5 

133 

4.9030 

101.0 

1118.7 

145.9 

14.941 

31.98 

17.87 

168.98 

857.2 

134 

5.0340 

102.0 

1119,2 

142.4 

14.966 

32.22 

17.99 

173.69 

884.8 

135 

5.1679 

103.0 

1119.6 

138.9 

14.991 

32.46 

18.12 

178.54 

913.3 

136 

5.3049 

104,0 

1120.0 

135.5 

15.016 

32.70 

18.25 

183.57 

942.8 

137 

5.4450 

105.0 

1120.4 

132.2 

15.043 

32.94 

18.39 

188.75 

973.4 

138 

5.5881 

106.0 

1120.8 

129.1 

15.067 

33.18 

18.53 

194.09 

1005.0 

139 

5.7345 

107.0 

1121.2 

126.0 

15.092 

33.43 

18.67 

199.64 

1038 

140 

5.8842 

108.0 

1121.7 

123.0 

15.117 

33.67 

18.82 

205.34 

1071 

141 

6.0371 

109.0 

1122.1 

120.0 

15.143 

33.91 

18.97 

211.27 

1106 

142 

6.1934 

110.0 

1122.5 

117.2 

15.168 

34.15 

19.13 

217.39 

1143 

143 

6.3532 

111.0 

1122.9 

114.4 

15.193 

34.39 

19.29 

223.70 

1180 

144 

6.5164 

112.0 

1123.3 

111.7 

15.218 

34.63 

19.45 

230.28 

1219 

145 

6.6832 

113.0 

1123.7 

109.1 

15.244 

34.87 

19.62 

236.94 

1259 

146 

6.8536 

114.0 

1124.1 

106.6 

15.269 

35.11 

19.81 

244.06 

1301 

147 

7.0277 

115.0 

1124.6 

104.1 

15.294 

35.35 

19.99 

251.34 

1344 

MB 

7.2056 

116.0 

1125.0 

101.7 

15.319 

35.59 

2D.18 

258.88 

1389 

149 

7.3872 

117.0 

1125.4 

99.32 

15.345 

35.83 

20.37 

266.71 

1436 

150 

7.5727 

118.0 

1125.8 

97.04 

15.370 

36.07 

20.58 

274.84 

1485 
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Table 1. Thermodynamic Properties of Air, Water and Steam (Concluded) 







Properties of Dry 

Properties of Mixture of 


ProDertieB of Water and Steam 

Air at a Pressure 

Dry Air and Sat Steam 






of 29.921 in. 

at a Total Pressure of 






Ha abs 

29.921 in. He abs 

Temper- 










Saturation 

prBBBUre 

Enthalpy 
of Bat 

Enthalpy 
of Bat 

Specific 

volume 

True 

specific 

Enthalpy, 

Volume 

of 

mixture 

Enthalpy 

of 

mixture 

Specific 

humidity, 

Bture, 

F 


& steam. 

water. 

ateam. 

in 

volume. 

Btu/lb 

per lb of 

per lb of 

per lb of 
dry air 


in. Hk ' 

Biu/lb 

Btu/lb 

cu ft/Ib 

cu ft/lb 


dry air, 
ft3 

dry air, 
Btu 

t 

P. 

hf 

K 

D„ 

Va 


Vg 

A, 

W, 

151 

7.7622 

119.0 

1126.2 

94.81 

15.395 

36.31 

20.79 

283.25 

1535 

152 

7.9556 

120.0 

1126.6 

92.65 

15.420 

36.56 

21.01 

292.00 

1587 

153 

B.1532 

121.0 

1127.0 

90.54 

15.446 

36.80 

21.23 

301.07 

1641 

154 

8.3548' 

122.0 

1127.4 

88.49 

15.471 

37.04 

21.46 

310.53 

1698 

155 

8.5607 

123.0 

1127.B 

86.50 

15.496 

37.28 

21.71 

320.34 

1757 

156 

8.7708 

124.0 

1128.3 

84.55 

15.521 

37.52 

21.96 

330.57 

1818 

157 

8.9853 

125.0 

1128.7 

1 82.66 

15.547 

37.76 

22.22 

341.18 

1882 

15B 

9.2042 

126.0 

1129.1 

80.81 

15.572 

38.00 

22.49 

352.24 

1948 

15g 

9.4276 

127.0 

1129.5 

79.02 

15.597 

38.24 

22.77 

363.29 

2018 

160 

9.6556 

12B.0 

1129.9 

77.27 

15.622 

38.48 

23.07 

375.81 

2090 

161 

9.8BB2 

129.0 

1130.3 

75.56 

15.648 

38.72 

23.37 

JH8.34 

2165 

162 

10.126 

130.0 

1130.7 

73.90 

15.673 

38.96 

23.69 

401.45 

2244 

163 

10,368 

131.0 

1131.1 

72.28 

15.698 

39.21 

24.02 

415.14 

2326 

164 

10.615 

132.0 

1131.5 

70.71 

15.724 

39.45 

24.37 

429.44 

2412 

165 

1D.B67 

133.0 

1131.9 

69.17 

15.749 

39.69 

24.73 

144.41 

2503 

166 

11.124 

134.0 

1132.3 

67.67 

15.774 

39.93 

25.11 

460.10 

2597 

167 

li.3B6 

135.0 

1132.7 

66.21 

15.799 

40.17 

25.50 

476.53 

2696 

16B 

11.653 

136.0 

1133.1 

64.79 

15.824 

40.41 

25.92 

493.77 

2800 

169 

11.925 

137 0 

1133.5 

63.40 

15.850 

40.65 

26.35 

511.83 

2910 

17D 

12.203 

13B.0 

1133.9 

62.04 

15.875 

40.89 

26.81 

530.86 

3024 

171 

12.487 

139.0 

1134.4 

60.73 

15.900 

41.13 

27,29 

550.89 

3145 

172 

12.775 

140.0 

1134.8 

59.44 

15.925 

41.37 

27.79 

571.97 

3273 

173 

13.0B0 

141.0 

1135.2 

58.18 

15.951 

41.61 

28.32 

594.19 

3407 

174 

13.370 

142.0 

1135.6 

56.96 

15.976 

41.85 

28.88 

617.65 

3549 

175 

13.676 

143.9 

1136.0 

55.77 

16.001 

41.10 

29.47 

642.48 

3699 

176 

13.987 

144.0 

1136.4 

54.60 

16.026 

42.34 

30.09 

668.67 

3858 

177 

14.305 

145.0 

1136.8 

53.47 

16.052 

42.58 

30.75 

696.49 

4026 

17B 

14.629 

146.0 

1137.2 

52.36 

16.077 

42.82 

31.46 

726.04 

4205 

170 

14.959 

147.0 

1137.6 

51.28 

16.103 

43.06 

32.21 

757.46 

4396 

IBO 

15.295 

148.0 

1137.9 

50.22 

16.128 

43.30 

32.99 

790.88 

4598 

181 

15.637 

149.0 

1138.3 

49.19 

16.153 

43.54 

33.83 

826.46 

4815 

1B2 

15.986 

150.0 

1138.7 

48.19 

16.178 

43.78 

34.74 

864.74 

5046 

183 

16.341 

151.0 

1139.1 

47.20 

16.203 

44.02 

35.70 

905.58 

5294 

184 

16.703 

152.0 

1139.5 

46.25 

16.229 

44.26 

36.74 

949.49 

5560 

IBS 

17.071 

153.0 

1139.9 

45.31 

16.254 

44.51 

37.85 

996.65 

5847 

1B6 

17.446 

154.0 

1140.3 

44,40 

16.279 

44.75 

39.04 

1047.7 

6156 

1B7 

17.829 

155.0 

1140.7 

43.51 

16.304 

44.99 

40.34 

1102.8 

6491 

IBB 

18.218 

156.0 

1141.1 

42.64 

16.329 

45.23 

41.75 

1162.6 

6854 

1B9 

18.614 

157.0 

1141.5 

41.79 

16.354 

45.47 

42.28 

1227.8 

7250 

190 

19.017 

158.0 

1141.9 

40.96 

16.380 

45.71 

44.94 

1298.9 

7682 

191 

19.42B 

159.1 

1142.3 

40.14 

16.4D5 

45.95 

46.78 

1376.9 

8156 

192 

19.B46 

160.1 

1142.7 

39.35 

16.430 

46.19 

48.79 

1463.0 

8679 

193 

20.271 

161.1 

1143.1 

38.58 

16.456 

46.43 

51.02 

1558.2 

9257 

194 

20.704 

162.1 

1143.5 

37.82 

15.481 

46.68 

53.50 

1664.0 

9901 

195 

21.145 

163.1 

1143.8 

37.09 

16.506 

46..02 

56.27 

1782.6 

10622 

196 

21.594 

164.1 

1144.2 

36.36 

16.531 

47.16 

59.40 

1916.2 

11434 

197 

2Z.o5d 

165.1 

1144.6 

35.66 

16.556 

47.40 

62.93 

2067.6 

12354 

198 

22.515 

166.1 

1145.0 

34.07 

16.582 

47.64 

66.99 

2240.9 

13409 

199 

22.9B7 

167.1 

1145.4 

34.30 

16.607 

47.88 

71.66 

2440.9 

14624 

20D 

23.468 

16B.1 

1145.8 

33.64 

16.632 

48.12 

77.14 

2675.6 

16052 
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PART II. TABLES 


Table 2. Thermodynamic Properties of Air, Ice and Steam 



PropertieB of Ice end Steam 

PropertieB of Dry 
Air at a PreBsure of 
29.921 in. Hg abo 

PropertieB of Mixture of Dry Air 
and Sat Steam at a Total 
PreBBure of 29.921 In. Hg abB 

Temper- 








Volume 

Enthalpy 

Specific 

ature, 

Saturation 

Enthalpy 

Enthalpy 

Specific 

True 


of 

of 

humidity. 

F 

preBBure 

of aat 

□f Bat 

volume of 

Bpecific 

Enthalpy. 

mixture 

mixture 

KTains 


of ice and 

ice, 

steam, 

Bat Bteam, 

volume. 

Btu/lb 

per lb of 

per lb of 

per lb of 


steam. 

Btu/lb 

Btu/lb 

cu ft/lb 

cu ft/lb 


dry air. 

dry air, 

dry air 


In. He 






cu ft 

Btu 


t 

Pm 


hi 

hg 

Vg 

Va 

V. 

ha 

A. 

w. 

32 

0.1803 


-143.4 

1075.2 

3305 

12.389 

7.69 

12.46 

11.75 

26.40 

31 

0.1723 


-143.9 

1074.7 

3453 

12.363 

7.45 

12.43 

11.32 

25.21 

30 

0.1645 


-144.4 

1074.3 

3608 

12.338 

7.21 

12.41 

10.90 

24.07 

29 

0.1571 


-144.9 

1073.8 

3771 

12.313 

6.97 

12.38 

10.49 

22.9B 

2B 

0.1500 


-145.4 

1073.4 

3943 

12.287 

6.73 

12.35 

10.09 

21.92 

27 

0.1431 


-145.9 

1073.0 

4122 

12.262 

6.49 

12.32 

9.70 

20.92 

26 

0.1366 


-146.4 

1072.5 

4311 

12.237 

6.25 

12.29 

9.31 

19.96 

25 

0.1303 


-146.9 

1072.1 

4509 

12.211 

6.01 

12.27 

8.92 

19.04 

24 

0.1243 


-147.4 

1071.7 

4717 

12.186 

5.77 

12.24 

8.55 

18.16 

23 

0.11B6 


-147.9 

1071.2 

4936 

12.161 

5.53 

12.21 

8.18 

17.32 

22 

0.1130 


-14B.4 

1070.8 

5166 

12.136 

5.29 

12.IB 

7.B1 

16.51 

21 

0.1078 


-148.9 

1070.3 

5408 

12.110 

5.05 

12.15 

7.45 

15.73 

20 

0.1027 


-149.4 

1069.9 

5662 

12.085 

4.81 

12.13 

7.10 

14.99 

19 

9.789 

10)-* 

-149.8 

1069.5 

5929 

12.060 

4.56 

12.10 

6.75 

14.28 

18 

9.326 

10)-* 

-150.3 

1069.0 

6210 

12.035 

4.32 

12.07 

6.40 

13.61 

17 

B.BB4 

10)-* 

-150.8 

1068.6 

6505 

12.009 

4.OB 

12.05 

6.06 

12.96 

16 

B.461 

10)-* 

-151.3 

106B.1 

6817 

11.984 

3.84 

12.02 

5.73 

12.34 

15 

8.056 

10)-* 

-151.8 

1067.7 

7144 

11.959 

3.60 

11.99 

5.40 

11.75 

14 

7.669 ( 

10)-* 

-152.3 

1067.3 

7489 

11.933 

3.36 

11.96 

5.07 

11.18 

13 

7.300 

10)-* 

-152.8 

1066.8 

7851 

11.918 

3.12 

11.94 

4.75 

10.64 

12 

6.946 

10)-* 

-153.3 

1066.4 

8234 

11.883 

2.BB 

11.91 

4.43 

10.13 

11 

6.60B (10)-3 

-153.7 

1065.9 

8636 

11.B57 

2.64 

11.BB 

4.11 

9.633 

10 

6.286 

10)-* 

-154.2 

1065.5 

9060 

11.832 

2.40 

11.B6 

3.80 

9.161 

9 

5.977 1 

10)-* 

-154.7 

1065.1 

9507 

11.807 

2.16 

11.83 

3.49 

8.711 

8 

5.683 1 

10)-* 

-155.2 

1064.6 

9979 

11.782 

1.92 

11.80 

3.18 

8.280 

7 

5.402 1 

10)-* 

-155.7 

1064.2 

1.048 (10)« 

11.756 

1.6B 

11.78 

2.BB 

7.867 

6 

5.134 (10)-* 

-156.1 

1063.7 

1.100 (10)« 

11.731 

1.44 

11.75 

2.58 

7.478 

5 

4.B7B 

10)-* 

-156.6 

1063.3 

1.155 (10)« 

11.706 

1.20 

11.72 

2.28 

7.106 

4 

4.633 

10)-* 

-157,1 

1062.8 

1.214 (1D)« 

11.680 

0.96 

11.70 

1.98 

6.745 

3 

4.400 1 

10) * 

-157.6 

1062.4 

1,275 (10)* 

11.655 

0.72 

11.56 

1.6B 

6.348 

2 

4.178 

10)-* 

-158.0 

1062.0 

1.340 (10)« 

11.630 

0.48 

11.65 

1.40 

6.084 

1 

3.966 (10)-* 

-158.5 

1061.5 

1.408 (10)* 

11.604 

+ 0.24 

11.62 

1.12 

5.777 

0 

3.764 (10)-* 

-159.0 

1061.1 

1.4B1 (10)* 

11.579 

0.00 

11.59 

0.83 

5.480 

- 1 

3.572 (10)-* 

-159.4 

1060.6 

1.577 (10)* 

11.554 

- 0.24 

11.57 

0.55 

5.201 

- 2 

3.3BB 1 

10)-* 

-159.9 

1060.2 

1.638 (10)« 

11.538 

- 0.48 

11.54 

+ 0.27 

4.932 

- 3 

3.213 

10)-* 

-160.4 

1059.8 

1.723 (10)* 

11.503 

- 0.72 

11.52 

- 0.01 

4.679 

- 4 

3.047 (10)-* 

-160.9 

1059.3 

1.814 OO)^ 

11.478 

- 0.96 

11.49 

- 0.29 

4.434 

- 5 

2.BBB (10)-* 

-161.3 

1058.9 

1.909 (ID)* 

11.453 

- 1.20 

11.46 

- 0.57 

4.204 

- 6 

2.737 1 

ID)-* 

-161.8 

1058.4 

2.010 (10)4 

11.427 

- 1.44 

11.44 

- 0.84 

3.983 

- 7 

2.594 

ID)-* 

-162.3 

1058.0 

2.116 (ID)* 

11.402 

- 1.68 

11.41 

- 1.11 

3.775 

- 8 

2.457 

10)-* 

-162.7 

1057.6 

2.229 (10)* 

11.377 

- 1.92 

11.39 

- 1.38 

3.576 

- 9 

2.327 

19)-> 

-163.2 

1057.1 

2.349 (10)4 

11.351 

- 2.16 

11.36 

-1.65 

3.385 

- 10 

2.203 (10)-* 

-163.6 

1056.7 

2.475 (10)4 

11.326 

- 2.40 

11.33 

- 1.92 

3.206 

- 11 

2.OH6 (10)-» 

-164.1 

1056.2 

2.609 (10)1 

11.301 

- 2.64 

11.31 

- 2.19 

3.034 

- 12 

1.974 (10) "* 

-164.6 

1055.8 

2.750 (10)4 

11.276 

- 2.88 

11.28 

- 2.45 

2.872 

- 13 

1.B67 (10) * 

-165.0 

1055.4 

2.901 (10)4 

11.250 

- 3.12 

11.26 

- 2.71 

2.716 

- 14 

1.766 <10)-* 

-165.5 

1054.9 

3.060 (10)« 

11.225 

- 3.37 

11.23 

- 2.98 

2.569 

- 15 

1.670 

(ID)-* 

— 165.9 

1054.5 

3.228 (10)* 

11.200 

- 3.61 

11.21 

- 3.24 

2.430 

- 16 

1.579 

10)-* 

-166.4 

1054.0 

3.407 (10)4 

11.174 

- 3.85 

11.18 

- 3.50 

2.297 

- 17 

1.493 

10)-* 

-166.8 

1053.6 

3.596 (10)4 

11.149 

- 4.09 

11.15 

- 3.76 

2.171 

- 18 

1.410 

ID)-* 

-167.3 

1053.1 

3.797 (10)* 

11.123 

- 4.33 

11.13 

- 4.02 

2.052 

- 19 

1.333 

(10)-* 

-167.8 

1052.7 

4.011 (10)> 

11.098 

- 4.57 

11.10 

- 4.2B 

1.938 

- 20 

1.259 

flD)-* 

-168.2 

1052.3 

4.237 (10)» 

11.073 

- 4.81 

11.08 

- 4.53 

1.830 

- 21 

I.IBB 

19)-* 

-168.7 

1051.8 

4.477 (10)‘ 

11.048 

- 5.05 

11.05 

- 4.79 

1.728 

- 22 

1.122 

;io)-> 

-169.1 

1051.4 

4.732 (10)4 

11.022 

- 5.29 

11.03 

- 5.04 

1.631 

- 23 

1.059 

10)-* 

-169.6 

1050.9 

5.003 (10)4 

10.997 

- 5.53 

11.00 

- 5.30 

1.539 

- 24 

9.987 (ID)-* 

-170.0 

1050.5 

5.290 (10)4 

10.972 

- 5.77 

10.98 

- 5.55 

1.452 
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Table 2. Thermodynamic Properties of Air, Ice and Steam (Continued) 


PropertiBB of Ice and Steam 


Saturation 
pressure 
of Ice and 
steam, 
in. Hg 

Enthalpy 
of sat 
ice, 
Btu/lb 

hi 

Enthalpy 
of aat 
ateam, 
Btu/lb 

ha 

9.420 (ID)-* 

-170.5 

1050.1 

B.BBZ (lo)-* 

-170.9 

1049.6 

B.373 (10)-» 

-171.4 

1049.2 

7.B91 (10)-> 

-171.B 

1048.7 

7.435 (10)-» 

-172.2 

1D4B.3 

7.003 (10)-* 

-172.7 

1047.8 

6.595 (10)-* 

-173.1 

1047.4 

6.2DB (lo) ■ 

-173.6 

1047.0 

5.B43 (10)-' 

-174.0 

1046.5 

5.497 (10)-* 

-174.4 

1046.1 

5.170 (l0)-» 

-174.9 

1045.6 

4.B62 (10)-* 

-175.3 

1045.2 

4.570 (ID)-* 

-175.a 

1044.7 

4.295 (10) * 

-176.2 

1044.3 

4.035 (10)-* 

-176.6 

1043.9 

3.790 (10)-* 

-177.1 

1043.4 

3.559 (10)-* 

-177.5 

1043.0 

3.340 (10)-» 

-177.9 

1042.5 

3.134 (10)-* 

-178.4 

1042.1 

2.940 (10)-* 

-178.B 

1041.6 

2.757 (10) * 

-179.2 

1041.2 

2.585 (10) * 

-179.6 

1040.8 

2.422 (10)-* 

-IBO.l 

1040.3 

2.270 (10)-* 

-1B0.5 

1039.9 

2.126 (10)-* 

-180.9 

1039.4 

1.990 (10)-* 

-181.3 

1039.0 

1.863 (10)-* 

-1B1.8 

1038.6 

1.743 (10)-* 

-182.2 

1038.1 

1.631 (l0)-» 

-IB2.6 

1037.7 

1.525 (10)-' 

-183.0 

1037.2 

1.426 (10)-* 

-1B3.4 

1036.8 

1.33Z (10)-* 

-183.9 

1036.3 

1.244 (10)-* 

-184.3 

1035.9 

1.162 (10)-* 

-184.7 

1035.5 

1.0B5 (10)-> 

-IBS.l 

1035.0 

1.012 (10)-» 

-185.5 

1034.6 

9.444 (10)-< 

-185.9 

1034.1 

8.BOB (10)-4 

-186.4 

1033.7 

B.Zll (10)-* 

-186.8 

1033.2 

7.652 (ia)-‘ 

-187.2 

1032.8 

7.12B (10)-* 

-187.6 

1032.4 

6.638 (10)-* 

-188.0 

1031.9 

6.1 BO (10)~* 

-188.4 

1031.5 

5.751 (10) * 

-188.8 

1031.0 

5.349 (10)-* 

-189.2 

1030.6 

4.974 (10)-* 

-189.6 

1030.2 

4.624 (ID)-* 

-190.0 

1029.7 

4.296 (10)-* 

-190.4 

1029.3 

3.991 (10)-* 

-190.8 

1028.8 

3.705 (10)-* 

-191.2 

1D2B.4 

3.439 (10)-* 

-191.6 

1027.9 

3.191 (ID)-* 

-192.0 

1027.5 

2.959 (ID)-* 

-192.4 

1027.1 

2.743 (ID)-* 

-192.8 

1026.6 

2.542 (ID)-* 

-193.2 

1026.2 

2.355 (10)-* 

-193.6 

1025.7 

Z.lBl (10)-* 

-194.0 

1025.3 

2.018 (!□)-* 

-194.4 

1024.8 

1.867 (10)-* 

-194.8 

1024.4 

1.727 (lO)"* 

-195.2 

1024.0 


Specific 
volume of 
Bat iteam, 
cu ft/lb 


5.596 (loy 
5.921 (10) 
6.267 (10) 
6.634 (10) 
7.025 (10)* 

7.441 (10) 
7.BB3 (10) 

8.355 (10) 
B.B57 (10) 
9.391 (10) 

9.961 (10) 
1.057 (10) 
1.122 ( 10 ) 

1.191 (10) 
1.264 (10) 

1.343 (10) 
1.427 (10) 
1.516 (10) 
1.612 (10) 

1.715 (10) 

1.BZ4 (10) 
1.941 (10) 
2.066 (10) 
2.200 ( 10 ) 

2.343 (10) 

2.496 (10) 
2.660 (10) 
Z.B36 (10) 
3.024 (10) 
3.226 (10) 

3.443 (10) 
3.675 (10) 
3.925 (10) 

4.192 (10) 
4.479 (ID) 

4.7BB (10) 
5.120 (10) 
5.476 (ID) 
5.B59 (ID) 
6.272 (10) 

6.715 (ID) 

7.193 (10) 
7.707 (10) 
B.261 (10) 
B.HSB (lO) 

9.501 (10) 
1.020 (10) 
1.094 (10) 
1.175 (10) 
1.262 (10) 

1.356 (10) 
1.45H (10) 
1.56B (10) 
1.6B7 (10) 
1.B16 (10) 

1.955 (ID) 
2.106 (lo) 
2.270 (ID) 
2.446 (10) 
Z.63B (lo) 


Propei'tieB of Dry Air Properties of Mixture of Dry Air 
at a Pressure of and Sat Steam at a Total 

29.921 in. Hg abs Pressure of 29.921 in. Hg abs 


True 

specific Enthalpy, 


Volume 

of 

mixture | 
per lb of 
dry air, 
cu ft 

i>i 

Enthalpy 

of 

mixture 
per lb of 
dry air, 
Btu 

h. 

Specific 
humidity 
graina 
per lb ol 
dry air 

w. 

10.95 

- 5.80 

1.370 

10.92 

- 6.05 

1.292 

10.90 

- 6.31 

1.217 

10.87 

- 6.56 

1.147 

10.85 

- 6.81 

l.DBl 

10.82 

- 7.06 

i.DlB 

10.80 

- 7.31 

0.9587 

10.77 

- 7.56 

0.9024 

10.75 

- 7.80 

0.8493 

10.72 

- 8.05 

0.7991 

10.70 

- 8.30 

0.7516 

10.67 

- 8.55 

0.7d66 

10.64 

- 8.79 

0.6641 

10.62 

- 9.04 

0.6241 

10.59 

- 9.29 

0.5866 

10.57 

- 9.53 

D.55DB 

10.54 

- 9.78 

0.5172 

10.52 

-10.02 

0.4856 

10.49 

-10.27 

0.4556 

10.47 

-ID. 51 

0.4272 

10.44 

-10.76 

0.4007 

10.42 

-11.DO 

0.3756 

10.39 

-11.24 

0.3520 

10.37 

-11.49 

0.3298 

10.34 

-11.73 

0.3OB9 

10.31 

-11.97 

0.2893 

10.29 

-12.22 

0.2708 

10.26 

-12.46 

0.2533 

10.24 

-12.70 

0.2370 

10.21 

-12.95 

0.2216 

10.19 

-13.19 

0.2071 

10.16 

-13.43 

0.1936 

10.14 

-13.67 

O.lBDB 

10.11 

-13.92 

D.16BB 

10.09 

-14.16 

0.1576 

10.06 

-14.40 

0.1471 

10.03 

-14.64 

0.1372 

10.01 

-14.88 

0.128D 

9.984 

-15.12 

0.1193 

9.959 

-15.37 

0.1112 

9.934 

-15.61 

0.1U36 

9.908 

-1S.B5 

9.642 ( 

9.883 

-16.09 

8.976 ( 

9.858 

-16.33 

8.353 ( 

9.832 

-16.57 

7.770 ( 

9.807 

-16.81 

7.225 ( 

9.781 

-17.06 

6.713 ( 

9.756 

-17.30 

6.242 I 

9.731 

-17.54 

5.797 ( 

9.705 

-17.78 

5.383 ( 

9.680 

-18.02 

4.997 ( 

9.655 

-18.26 

4.635 ( 

9.629 

-18.50 

4.299 1 

9.604 

-18.74 

3.985 ( 

9.579 

-18.99 

3.692 ( 

9.553 

-19.23 

3.421 ( 

9.528 

-19.47 

3.167 f 

9.502 

-19.71 

2.930 1 

9.477 

-19.95 

2.712 ( 

9.452 

-20.19 

2.508 ( 
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Table 2. Thermodynamic Properties of Air, Ice and Steam (Continued) 



Properties of Ice and Steam 

Properties of Dry Air 
at a Pressure of 
29.921 in.Hg abs 

Properties of Mixture of Dry Air 
and Sat Steam at a Total 
Pressure of 29.921 in. Hg abs 

T.ninpr 







Volume 

Enthalpy 

Specific 

H 

Saturation 

Enthalpy 

Enthalpy 

Specific 

True 


of 

of 

humidity. 

F ' 

pressure 

of sat 

□f aat 

volume of 

specific 

Enthalpy, 

mixture 

mixture 

grains 


of IcB and 

ice, 

steam, 

sat steam. 

volume. 

Btu/Jb 

per lb of 

per lb of 

per lb of 


steam. 

Btu/lb 

Btu/ib 

cu ft/lb 

cu ft/lb 


dry air. 

dry air, 

dry air 


in. Hg 






cu ft 

Btu 


t 

Vn 

hi 

hu 


Va 


”■ 

h. 

w. 

85 

1.596 (10) « 

-195.6 

1023.5 

2.846 (10)" 

9.426 

-20.43 

9.426 

-20.43 

2.318 (10) - 

-- Bb 

1.475 (10)'< 

-195.9 

1023.1 

3.072 (10)« 

9.401 

-20.67 

9.401 

-20.67 

2.142 (10) 

87 

1.363 (l0)-‘ 

-196.3 

1022.6 

3.317 (10)" 

0.376 

-20.91 

9.375 

-20.91 

1.979 (10) ’ 

— 88 

1.258 (10)“« 

- 196.7 

1022.2 

3.583 (10)> 

9.350 

-21.15 

9.350 

-21.15 

1.827 (10)^^ 

- 89 

1.161 (10) * 

-197.1 

1021.8 

3.872 (10)» 

9.325 

-21.40 

9.325 

-21.40 

1.686 (10) ’ 

— 90 

1.071 (10)-« 

-197.5 

1021.3 

4.186 (10)" 

9.299 

-21.64 

9.300 

-21.64 

1.555 (ID) ’ 

- 01 

9.876 (i0)-» 

-197.9 

1020.9 

4.528 (10)" 

9.274 

-21.88 

9.274 

-21.88 

1.434 (10)-’ 

— 92 

9.102 (l0)-‘ 

-198.2 

1020.4 

4.899 (lO)" 

9.249 

-22.12 

9.249 

-22.12 

1.322 (10) ’ 

— 93 

8.385 (10)“» 

-198.6 

1020.0 

5.303 (10)" 

9.224 

-22.36 

4). 224 

-22.36 

1.218 (10) ’ 

- 94 

7.722 (10)-“ 

- 199.0 

1019.5 

5.743 (10)" 

9.198 

-22.60 

9.198 

-22.60 

1.121 (10) ’ 

- 95 

7.108 (10)-‘ 

-199.4 

1019.1 

6.223 (10)" 

9.173 

-22.84 

9.173 

-22.84 

1.032 (10)-’ 

- 96 

6.539 (10) ‘ 

-199.8 

1018.7 

6.745 (ID)" 

9.147 

-23.08 

9.147 

-23.08 

9.493 (ID) * 

— 97 

6.014 (10)-‘ 

-200.2 

1018.2 

7.314 (10)' 

9.122 

-23.32 

9.122 

-23.32 

8.733 (l0)-“ 

— 98 

5.528 (10) > 

-200.5 

1017.8 

7.936 (10)" 

9.097 

-23.56 

9.097 

-23.56 

B.DZ3 (10)-" 

- 99 

5.079 (10) ‘ 

-200.9 

1017.3 

8.613 (id)" 

9.071 

-23.80 

9.071 

-23.80 

7.372 (ID) " 

-100 

4.664 (10) “ 

-201.3 

1016.9 

9.352 (10)» 

9.046 

-24.04 

9.046 

-24.04 

6.771 (lO)-s 

-101 

4.281 (l0)-‘ 

-201.6 

1016.5 

1 .016 (10)’ 

9.D20 

-24.28 

9.020 

-24.28 

6.215 (10)-" 

-102 

3.928 (l0)-‘ 

-202.0 

1016.1 

1.104 (ID)’ 

8.995 

-24.52 

8.995 

-24.52 

5.703 (lD)-» 

-103 

3.602 (10) » 

-2U2.4 

1015.6 

1.201 (10)’ 

8.970 

-24.77 

8.970 

-24.77 

5.228 (ID) ' 

-104 

3.3D1 (l0)-» 

-202.8 

1015.1 

1.307 (10)’ 

8.944 

-25.01 

8.944 

-25.01 

4.790 (ID)-* 

-105 

3.025 (lD)-‘ 

-203.1 

1014.7 

1.422 (10)’ 

8.919 

-25.25 

8.919 

-25.25 

4.390 (10) > 

106 

2,770 (10) ‘ 

-203.5 

1014.2 

1 .549 (10)’ 

8.894 

-25.49 

8.894 

-25.49 

4.019 (10)-" 

107 

2.535 (10)-‘ 

-203.9 

1013.8 

1.687 (10)’ 

B.B6B 

-25.73 

8.868 

-25.73 

3.680 (10)-" 

- lOR 

2.319 (lO) » 

-204,2 

1013.4 

1.839 (10)’ 

8.843 

-25.97 

8.843 

-25.97 

3.366 (ID)'" 

-109 

2.120 (10) i 

-204.6 

1012.9 

2.006 (10)’ 

8.817 

-26.21 

B.B17 

-26.21 

3.077 (10)-’ 

110 

1.938 (10)-‘ 

-205.0 

1012.5 

2.189 (10)’ 

8.792 

-26.45 

8.792 

-26.45 

2.812 (10)-’ 

111 

1.770 (l0)-» 

-205.3 

1012.0 

2.389 (10)’ 

8.767 

-26.69 

8.766 

-26.69 

2.569 (10)-* 

- 112 

1.616 (lO)-i 

-205.7 

1011.6 

2.610 (10)’ 

8.741 

-26.93 

8.741 

-26.93 

2.344 (ID) « 

- 113 

1.476 (10) i 

-206.1 

1011.1 

2.852 (10)’ 

B.716 

-27.17 

8.716 

-27.17 

2.139 (10)-* 

114 

1.344 (l0)-» 

-206.4 

1010.7 

3.118 (ID)’ 

8.690 

-27.41 

8.690 

-27.41 

1.951 (10)’ 

115 

1.226 (10) ‘ 

-206.8 

1010.3 

3.411 (ID)’ 

8.665 

-27.66 

8.665 

-27.66 

1.778 (10)-* 

- 116 

1.116 (ID) * 

-207.2 

1009.8 

3.733 (lO)’ 

8.640 

— 27.90 

8.640 

-27.90 

1.620 (10)-» 

- 117 

1.017 (10)-“ 

-207.5 

1009.4 

4.088 (ID)’ 

8.614 

-28.14 

8.614 

-28.14 

1.475 ho)-» 

- 118 

9.251 (10)-» 

-207.9 

1D0B.9 

4.480 (ID)’ 

8.589 j 

-28.38 

8.589 

-28.38 

1.342 (10)-’ 

-119 

8.414 (10) ■ 

-208.2 

1008.5 

4.911 (10)’ 

8.563 

-28.62 

8.563 

-28.62 

1.Z2I (ID)-* 

-120 

7.649 (10)-' 

-208.6 

1008.0 

5.386 (10)’ 

8.538 

-28.86 

8.538 

-28,86 

1.110 (10)-’ 

121 

6.949 (10) » 

-208.9 

1007.6 

5.911 (10)’ 

8.512 

—29.10 

8.512 

-29.10 

l.DOB (10)-’ 

-122 

6.310 (10)" 

-209.3 

1007.2 

6.491 (10)’ 

8.487 

-29.34 

8.487 

-29.34 

9.152 flO) " 

-123 

5.726 (ID)-■ 

-209.6 

1006.7 

7.131 (10)’ 

8.462 

-29.58 

8.462 

-29.58 

8.306 IlOV " 

-124 

5.194 (10) “ 

-210.0 

1006.3 

7.839 (10)’ 

8.436 

-29.82 

8.436 

-29.82 

7.533 (ID)-" 

-125 

4.708 (10) 1 

-210.3 

1005.8 

8.622 (ID)’ 

8.411 

-30.06 

8.411 

—30.06 

6.BZ9 (10) " 

-126 

4.265 (lO)-" 

-210.7 

1005.4 

9.489 (10)’ 

8.386 

-30.30 

8.386 

-30.30 

6.186 (10)-" 

-127 

3.862 (lD)-» 

-211.0 

1005.0 

1.045 (10)« 

8.360 

-30.55 

8.360 

-30.55 

5.600 (ID)-* 

-128 

3.494 (lO) ■ 

-211.4 

1004.5 

1.151 (10)» 

8.335 

-30.79 

8.335 

-30.79 

5.069 (10)-« 

-129 

3.160 (lO) " 

-211.7 

1004.1 

1 .269 (10)" 

8.309 

-31.03 

8.309 

-31.03 

4.584 (10)-' 

-130 

2.856 (10) » 

-212.1 

1003.6 

1.400 (10)’ 

8.284 

-31.27 

8.284 

-31.27 

4.142 (10)-< 

-131 

2.57-9 (10)’" 

-212.4 

1003.2 

1.545 (10)" 

8.258 

-31.51 

B.25B 

-31.51 

3.742 (ID) " 

-132 

2.328 (lO) • 

-212.8 

1002.8 

1.707 (10)» 

8.233 

-31.75 

8.233 

-31.75 

3.376 (10)-" 

-133 

2.101 (ID)’" 

-213.1 

1002.3 

1.886 (lD)B 

8.207 

-31.99 

8.207 

-31.99 

3.046 (10)-" 

-134 

1.894 (ID)-" 

-213.5 

1001.9 

2.086 (10)" 

a .182 

-32.23 

8.182 

-32.23 

2.746 (10) ‘ 

-135 

1.706 (10) “ 

-213.8 

1001.4 

2.308 (ID)" 

8.157 

-32.47 

8.157 

-32.47 

2.474 (10) " 

-136 

1.536 (10) " 

-214.1 

lODl.0 

2.555 (ID)" 

8.131 

-32.71 

8.131 

-32.71 

2.228 (ID)-" 

-137 

1.382 (lO)-" 

-214.5 

1D00.5 

2.831 (10)" 

8.106 

-32.96 

8.106 

-32.96 

2.004 (10)-" 

-138 

1.243 (10)-" 

-214.8 

1000.1 

3.138 (1D)> 

8.080 

-33.20 

8.080 

-33.20 

1.802 (10)-« 

-139 

1.117 (10)-> 

-215.2 

999.7 

3.481 (10)" 

8.055 

-33.44 

8.055 

-33.44 

1.620 (10)-* 

-140 

1.003 (lO)-' 

-215.5 

999.2 

3.864 (10)1 

8.029 

-33.68 

8.029 

-33.68 

1.455 (10)-* 

-141 

9.005 (10)-» 

-215.8 

998.8 

4.Z92 (ID)" 

B.DD4 

-33.92 

8.004 

-33.92 

1.305 (ID)-* 

-142 

8.076 (10)-’ 

-216.2 

998.3 

4.770 (10)< 

7.978 

-34.16 

7.978 

-34.16 

1.171 (10) * 

-143 

7.240 (10)-’ 

-216.5 

997.9 

5.305 (10)" 

7.953 

-34.40 

7.953 

-34.40 

1.049 (10)-* 

-144 

6.483 (10)-’ 

-216.8 

997.4 

5.905 (1D)> 

7.928 

-34.65 

7.928 

-34.65 

9.397 (10)-* 
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Table 2. Thermodynamic Properties of Air, Ice and Steam (Concluded) 







Properties of Dry Air 

Properties of Mixture of Dry Air 


ProportieB of Ice and Steam 

at a PresBure of 

and Sat Steam at a Total 






29.921 In.Hg abs 

PreBiure of 29.921 in. Hg abs 

Temper- 

Saturation 
preBBure 
of Ice and 
Bteam, 
in. Hg 

Enthalpy 





Volume 

Enthalpy 

Specific 

ature. 

Enthalpy 

Specific 

True 


of 

of 

humidity, 

F 

of Bat 

of Bat 

volume of 

apeclflc 

Enthalpy, 

mixture 

mixture 

grains 


ice. 

steam, 

Bat Bteam, 

volume. 

Btu/lb 

per lb of 

per lb of 

per lb of 


Btu/lb 

Btu/lb 

cu ft/lb 

cuft/lb 


dry air, 
cu ft 

dry air, 
fitu 

dry air 

t 

Pi 

hi 

hg 


*0 

ha 

*•, 

h. 


-145 

5.BD3 riO)-» 
5.190 (10)-’ 

-217.2 

997.0 

6.577 (10)« 

7.902 

-34.89 

7.902 

-34.89 

8.410 (10)-* 

-146 

-217.5 

996.6 

7.330 (10)» 

7.876 

-35.13 

7.877 

-35.13 

7.522 (10)-* 

-147 

4.639 (iOO-T 

-217.8 

996,1 

B.174 (10)s 

7.851 

- 35.37 

7.851 

-35.37 

6.724 (10)-* 

-14B 

4.143 (10)"’ 

-218.2 

995.7 

9.123 (10)• 

7.826 

-35.61 

7.826 

-35.61 

6.005 (10)-* 

-149 

3.698 (10)-’ 

-218.5 

995.2 

10.19 (10)* 

7.800 

-35.85 

7.800 

-35.85 

5.358 (10)-* 

-150 

3.298 (10)-’ 

-21B.8 

994.8 

11.39 (10)* 

7.775 

-36.09 

7.775 

-36.09 

4.778 (lD)-» 
4.258 (10)-* 

-151 

2.939 (10)-’ 

-219.1 

994.4 

12.74 (10)* 

7.749 

-36.33 

7.749 

-36.33 

-152 

2.618 (10)-’ 

-219.5 

993.9 

14.26 (10)* 

7.724 

-36.58 

7.724 

-36.58 

3.792 (10)-* 

-153 

2.329 (ID)-’ 

-219.B 

993.5 

15.97 (10)* 

7.69B 

-36.82 

7.698 

-36.82 

3.374 (ID)-* 
3.001 (10)-* 

-154 

2.072 (10)-’ 

-220.1 

993.0 

17.90 (10)* 

7.673 

-37.06 

7.673 

-37.06 

-155 

1.B4D (10)-’ 

-220.4 

992.6 

20.08 (10)* 

7.547 

-37.30 

7.647 

-37.30 

2.666 (ID)-* 

-156 

1.634 (10)-» 

-220. B 

992.1 

22.54 (10)* 

7.622 

-37.54 

7.622 

- 37.54 

2.367 (ID)-* 

-157 

1.450 (10)-’ 

-221.1 

991.7 

25.32 (10)* 

7.596 

-37.78 

7.597 

-37.78 

2.100 (ID)-* 

-158 

1.2B5 (10)-’ 

-221.4 

991.3 

28.47 (10)« 

7.571 

-38.02 

7.571 

-38.02 

1.B61 (lD)-» 

-159 

1.138 (ID)-’ 

-221.7 

090.8 

32.03 (10)* 

7.546 

-3B.27 

7.546 

-38.27 

1.649 (10)-* 

-160 

i.ooa ( 10 )-’ 

-222.0 

990.4 

36.07 (10)" 

7.520 

-38.51 

7.520 

-38.51 

1.459 (10)-» 
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11. WEATHER AND WATER DATA 


^pIIE iliitii iiicluflud ill this uluipt?;r are 
^ liinited in tlieir scope to the infonna- 
lion necessary to permit general engineer¬ 
ing work and the design of both summer 
and winter air conditioning systems. Water 
temperature data are applicable for use in 
general industrial design as Avell as in re¬ 
frigeration equipment selection. 

The tabular data in this chapter are di¬ 
vided into three main classifications— 
winter weather conditions, summer 
weather conditions, and water ternpera- 
liire data for summer. 

Winter Weather Conditions 

Winter weather conditions are based on 
certain temperatures occurring during the 
colder periods of the normal heating sea¬ 
son. There is a wide variation in the dura¬ 
tion of the heating season among various 
localities or sections of the country. The 
variation is from aiiproNimately 135 days 
in certain parts of Arizona, Florida, and 
Texas to 305 days, or all year round, in 
San Francisco. 

The duration of the heating season, how¬ 
ever, is not necessarily a criterion of heat¬ 
ing requirements, since San Francisco with 
a year-round heating season has a mean 
temperature of 56 F and a resultant aver¬ 
age degree-day figure of 2,500 annually, 
wliile Mempliis, Tenn., with a heating 
season of about 195 days, has a mean 
temperature of about 50 F during this pe¬ 
riod, with a corresponding degree-day fig¬ 
ure of more than 3,000. 

The choice of a design temperature in 
any locality is a matter of judgment and 
experience. Several methods for establish¬ 
ing winter outside design temperatures 
have been proposed and used successfully, 
although there is not exact agreement 
among these methods. 

The most important factors influencing 
the design of heating or winter air condi¬ 
tioning are outside design temperature and 


wind direction and velocity. The choice of 
the design temperature is probably most 
logically based on the frequency of its oc¬ 
currence. Other interesting data are ele¬ 
vation, latitude, lowest temperature on 
record, and average annual minimum tem¬ 
perature. The hitter temperature is ob¬ 
tained by averaging the lowest tempera¬ 
tures (one for each year) recorded for the 
period of years the local weather bureau 
lias been in operation. 

Table 1 lists the data outlined in the 
foregoing paragraph for representative 
cities in each state of the United States and 
some data on Cnnadian cities. 

Elevations given in column A, Table 1, 
are based on information from the “Dic¬ 
tionary of Elevations^ issued by the 
United States Geodetic Survey. The eleva¬ 
tions shown are not necessarily at the 
weather stations for the same localities. In 
many instances, the stations are located 
some distance from the city and at higher 
elevations. Wherever po.ssil)le, the eleva¬ 
tions are those listed at public buildings in 
the city proper, such as municipal build¬ 
ings or court houses. In a few cases, rail¬ 
road elevations at local depots have been 
tabulated. 

Latitude in degrees and minutes is given 
in column B, Table 1. Most of these data 
are from previously published sources. The 
Canadian latitudes have been approxi¬ 
mated from atlas maps. 

Column C, Table 1, shows the lowest 
temperature on record from the United 
States Department of Agriculture’s “Year¬ 
book of Agriculture,” 1941 Edition. 

The average annual minimum tempera¬ 
tures shown in column D, Table 1, are 
taken from official U. S. Weather Bureau 
records, in most cases representing an aver¬ 
age of all data available since the establish¬ 
ment of the weather station. 

The recommended design winter outside 
dry-bulb temperature is given in column E. 
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Table 1. Winter Weather Conditions 


(All temperaturcB in dt!g F) 




A 

B 

C 

D 

E 

F 

G 

State 

City 

Elevation 

Latitude 

degrees 

and 

minutes 

Lowest 

temp 

on 

record 

Average 

annual 

min 

temp 

Recom¬ 

mended 

design 

temp 

Average 

winter 

wind 

direction 

and 

velocity 

Design 

temper¬ 

ature 

fre¬ 

quency 

occur¬ 

rence* 

AIb. 

Birmingham 

694 

33-32 

— 10 

12 

10 

N— 

8.0 

20' 5 


Mobile 

15 

30 42 

— 1 

22 

20 

N— 

10.2 

17- 3 

Ariz. 

Flagstaff 

6,907 

35-^12 

— 30 

-15 

-15 

SW— 7.8 

20- 5 


Phoenix 

1,DB3 

33-28 

16 

26 

25 

E— 

5.3 

15- 3 

Ark. 

Fort Smith 

448 

35-32 

-IS 

6 

5 

E— 

8.1 

23 7 


Little Rock 

288 

34 45 

-12 

10 

5 

NW— 8.3 

8- 4 

Calif. 

Los Angeles 

286 

34^ 3 

28 

37 

35 

NE— 6.3 

15- 6 


San Francisco 

6 

37 47 

27 

37 

35 

N— 

7.5 

27- 7 

Colo. 

Denver 

5.183 

39 45 

-29 

-11 

- 10 

S— 

7.5 

33 9 


Grand Junction 

4,573 

39 4 

— 21 

.' 

— 10 

NW— 4.3 

40- 9 

Conn. 

New Haven 

11 

41 18 

-.,5 

- 1 

5 

N- 

9.5 

14 5 

Del. 

Dover 

34 

39 8 

- 11 

10 

1 5 

NW 

14 



Wilmington 

B 

39 43 

15 

6 

0 

NW-12 

— 

D. C. 

Washington 

5 

38 54 

i 

-15 

- 1 

0 

NW - 7.9 


FIb. 

Jacksonville 

8 

30 20 

10 

29 

25 

NE - 9.1 

24- 5 


Tampa 

15 

27 57 

19 

30 

35 

NE- 8 

34- 6 

Qb. 

Atlanta 

1,050 

33 39 

— 8 

12 

10 

NW—11.4 

20- 3 


Savannah 

21 

32 5 

8 

22 

15 

NW 

9.5 

3 2 

Idaho 

Lewiston 

756 

46-25 

-23 

1 

- 5 

E 

5.3 

48 9 


Pocatello 

4,468 

42-52 

-22 

- 12 

-10 

SE 

9 

52- 9 

III. 

Chicago 

600 

41 47 

— 23 

- 8 

-10 ! 

W 

12.5 

18 6 


Springfield 

612 

39-48 

-24 

- 7 

-10 

NW- 12.1 

15 3 

Ind. 

Evansville 

383 

37-58 

-16 

1 

0 

S 

9.8 

34-10 


Fort Wayne i 

788 

41- 5 

— 24 

— 10 

- 5 

SW-Id.5 

54-13 


Indianapolis 

708 

39 46 

-25 

- 6 

- 5 

S- 

11.5 

42-12 

Iowa 

Dubuque 

647 

42-30 

-32 1 

-17 

-15 

NW— 7.1 

46- 9 


Sioux City 

1,107 

42-30 

-35 1 

-20 

— 20 

NW—11.6 

23- 7 
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Table 1. Winter Weather Conditions (Continued) 




A 

B 

C 

D 

1 ^ 

F 

G 

State 

City 


Latitude 

Lowest 

Average 

Recom- 

Average 

winter 

Design 

temper¬ 

ature 

Elevation 

degrees 

temp 

annual 

mended 

wind 



and 

on 

min 

design 

direction 

quency 




minutes 

record 

temp 

temp 

and 






velocity 

occur- 

rence’^ 

Kan. 

Concordia 

1,375 

30 35 

-25 

- 13 

— 10 

N — 7.7 

24 6 


Dodge City 

2,522 

37 45 

-26 

-10 

— 10 

NW 10.3 

16 4 

Ky. 





> 





Louisville 

449 

48 15 

— 20 

- 5 

0 

SW 9.9 

— 

La. 

New Orleans 

2 

20 57 

7 

26 

20 

NE 8.7 

4^ 2 


Shreveport 

204 

32 30 

- 5 

16 

ID 

SE 8.1 

5- 2 

Maine 

Eastport 

33 

44-54 

-23 

-15 

— 10 

NW—12.6 

40 8 


Portland 

14 

43 39 

-21 

- 6 

— 10 

NW— 9.2 

19- 5 

Md. 

Baltimore 

20 

30 17 

- 7 

8 

0 

SW— 8.1 

4- 2 

Mass. 

Boston 

10 

42 21 

-18 

- 3 

- 5 

W- 11.2 

16 5 

Mich. 

Alpena 

587 

45 4 

— 26 

-12 

-15 

W— 11.0 

16 5 


Grand Rapids 

638 

42 58 

— 24 

-10 

-10 

W ~ 9.0 

9- 3 


Detroit 

583 

42-24 

-24 

-11 

-10 

SW -12.7 

B 3 


Marquette 

652 

46-34 

— 27 

-13 

-15 

NW-IO.B 

21- 5 

Minn. 

Duluth 

609 

46 47 

-41 

-28 

— 30 

SW—13.5 

21- 5 


Minneapolis 

812 

44 59 


— 23 

— 20 

NW -11.3 

46 11 

Miss 

Vicksburg 

100 

32 22 

— 1 

18 

15 

SE - 8.3 

17- 6 

Mo. 

St. Joseph 

957 

39 49 

--24 

-12 

-15 

W - 9.3 

11- 3 


St. Louis 

460 

38 38 

— 22 

— 2 

- 5 

S— 11.7 

16 6 


Springfield 

1,301 

37-12 

— 29 

- 5 

- 5 

SE 10.9 

23- 6 

Mont. 

Billings 

3,117 

45-43 

— 49 

— 30 

— 30 

SW - 11.9 

27- 4 


Havre 

2,4B0 

4B-34 

-57 

-36 

-40 

SW - 9.5 

9 5 

Neb. 

Lincoln 

1,180 

40-49 

-29 

-13 

-15 

S 10.7 

28- 9 


North Platte 

2,B05 

41- 8 

— 35 

-17 

— 20 

W - 8.3 

14- 3 

Nev. 

Reno 

4,490 

39-32 

— 19 

— 10 

- 5 

W~ 6.1 

17- 6 


Tonopah 

6,033 

38- 6 

-15 

— 2 

0 

SE— 10.0 

18- 5 


Winnemucca 

4,2B7 

40-5 B 

— 28 

— 10 

-15 

NE - B.2 

36- 9 

N. Hamp. 

Concord 

244 

43-12 

— 32 

-15 

-15 

NW— 6.6 

28- 7 

N. J. 

Atlantic City 

10 

39-22 

- 9 

6 

0 

NW—15.6 

6- 5 










Table 1. Winter Weather Conditioni (Continued) 


... 


A 

B 

C 

D 

£ 

F 

G 

state 

City 


Latitude 

Lowest 

Average 

Recbm- 

Average 

winter 

Design 

temper¬ 

ature 

fre- 

Elevation 

degrees 

and 

temp 

on 

annual 

min 

mended 

design 

wind 

direction 




minutes 

record 

temp 

temp 

and 

velocity 

quency 

occur¬ 

rence* 

N. Y. 

Albany 

16 

42-39 

-24 

-11 

-10 

S— 8.4 

34- 9 


Buffalo 

580 

42-53 

— 20 

— 4 

- 5 

W— 17.2 

21- 7 


New York 

10 

40-43 

— 14 

— 3 

- 5 

NW—16.7 

8- 5 

N. Mex. 

Santa F e 

6,950 

35-41 

-13 

0 

0 

N£~ 7.8 

27- 4 

N. C. 

Raleigh 

316 

35-45 

— 2 

13 

15 

SW^ 7.9 

46-11 


Wilmington 

6 

34-14 

5 

18 

20 

W— 8.1 

54- 8 

N. D. 

Bismarck 

1,672 

46-48 

-45 

— 31 

— 30 

NW— 9.0 

38 6 


Devila Lake 

1,471 

48- 7 

-46 

— 33 

-30 

W— 10.4 

67-14 

Ohio 

Cincinnati 

490 

39- 9 

— 17 

— 5 

- 5 

SW - 8.3 

27- 9 


CleYeland 

582 

41-30 

-17 

— 2 

- 5 

SW—15 

19- 5 


ColumbuB 

780 

39-58 

— 20 

— 3 

- 5 

SW— 11.6 

30 10 

OkU. 

Okla. City 

1,197 

35-26 

-17 

2 

0 

NW- 11.8 

19- 6 

Ore. 

Baker 

3,435 

44-46 

— 24 

— 17 

— 15 

S£— 6.8 

23 - 5 


Portland 

29 

45 32 

- 2 

18 

10 

S-- 7.4 

3- 3 

Penna. 

Philadelphia 

9 

39 57 

-11 

6 

0 

NW—11 

6- 3 


Pittsburgh 

744 

40-21 

— 20 

— 2 

— 5 

W - 11.7 

14- 7 


Scranton 

737 

41-24 

— 19 

— 10 

- 5 

SW— 7.9 

20- 7 

R. I. 

Providence 

11 

41-50 

-17 

1 

- 5 

NW -12.6 

13- 5 

S. C. 

Charleston 

10 

32-47 

7 

22 

20 

SW -10.6 

16- 6 


Columbia 

312 

34- 0 

— 2 

19 

15 

NE-- 8.1 

16- 5 

S. D. 

Huron 

1,282 

44-21 

— 43 

— 26 

— 20 

NW—10.5 

62-14 


Rapid City 

3,231 

44- 4 

— 40 

-21 

— 20 

W— 7.9 

52-11 

Tenn. 

Knoxville 

890 

35-58 

-16 

2 

5 

SW— 7.1 

18- 4 


Memphis 

270 

35- 9 

— 9 

9 

5 

S— 9.4 

10- 4 

Tex. 

£1 Paso 

3,695 

31-47 

- 5 

16 

15 

NW— 9-0 

8- 3 


Ft. Worth 

616 

32-45 

— 8 

12 

10 

NW—10.3 

12- 3 


San Antonio 

654 

29-27 

4 

21 

20 

NE— 8.3 

18- 5 

Utah 

Modena 

5.460 

37-48 

-27 

-15 

-15 

W— 9.3 

37- 9 


Salt Lake City 

4,220 

40-46 

— 20 

2 

- 5 

SE— 6.7 

15- 6 

Vt. 

Burlington 

112 

44-29 

—30 

— 17 

— 15 

S— 11.7 

60-12 
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Table 1. Winter Weather Conditiona (Concluded) 




A 

B 

C 

D 

E 

F 

G 

State 

City 


Latitude 

Lowest 

Average 

Recom- 

Average 

winter 

Design 

temper¬ 

ature 

Elevation 

degrees 

temp 

annual 

mended 

wind 



and 

on 

min 

design 

direction 

quency 

occur¬ 

rence* 




minutes 

record 

temp 

temp 

and 

velocity 

Va. 

Lynchburg 

6B6 

37-25 

- 7 

B 

5 

NW— 8.1 

25- 7 


Norfolk 

12 

36-51 

2 

15 

15 

N— 12.4 

34- 8 


Richmond 

20 

37-32 

— 3 

10 

10 

SW— 8.0 

— 

Wash. 

Seattle 

10 

47-36 

3 

20 

15 

SE- 10.1 

11- 3 


Spokane 

1,B90 

47-40 

— 30 

- 5 

-IS 

SW— 6.3 

7- 2 

W. Va. 

Elkins 

1,940 

38-53 

— 28 

— 8 

-10 

W - 5.8 

15- 3 


Parkersburg 

615 

39-16 

-27 

— 1 

- 5 

SW - 7.3 

17- 7 

Wis. 

Green Bay 

589 

44^31 

— 36 

-18 

— 20 

SW—10.6 

21- 4 


La Crosse 

673 

43-49 

— 43 

-21 

-25 

S- 5.6 

16- 4 


Milwaukee 

591 

43- 2 

— 25 

— 12 

-15 

W— 12.0 

16- 5 

Wyo. 

Lander 

5,370 

42 50 

— 40 

— 12 

-20 

SW— 3.9 

85- 9 


Sheridan 

3,724 

44-48 

-45 

— 26 

-25 

NW— 5.1 

48- 8 

Alberta 

Edmonton 

2,183 

53-30 

-57 

-41.3 

— 40 

SW— 7.5 

— 

B, C. 

Vancouver 

38 

49 18 

2 

13.1 

15 

E— 4.5 



Victoria 

56 

48-30 

— 2 

19.4 

15 

N- 12.6 

— 

Man. 

Winnipeg 

760 

49-55 

-54 

-37.7 

— 40 

NW—10.1 

— 

N. B. 

Fredericton 

31 

45 57 

— 35 

-25 

-25 

NW— 9.1 


N. S. 

Yarmouth 

31 

43-50 

— 12 

— 0.1 

0 

NW-14.3 

— 

Ont. 

London 

804 

42-59 

— 27 

-13.7 

— 10 

W— 10.3 



Ottawa 

214 

45-25 

-35 

— 24.1 

-20 

W— 8.4 

— 


Port Arthur 

616 

4B-32 

— 40 

— 29.5 

— 30 

NW— 8 

— 


Toronto 

254 

43-40 

— 26 

-11.2 

— 10 

SW—13.6 


P. E. I. 

Charlottetown 


46-16 

-27 

-13.2 


NW— 9.8 

— 

Que. 

Montreal 

63 

45-30 

— 29 

— 18.4 

-15 

SW—11.3 



Quebec 

21 

46-50 

— 34 

— 23.2 

— 20 

SW—13.3 

— 

Sask. 

Prince Albert 

1,414 

53-15 

-70 

-47.3 

-45 

W— 5.1 

— 

Yukon 

Dawson 


64 

-68 

-54.3 

-50 

S— 3.7 

— 


* lat Fig—Number of days in i 
ign temp. 

2&d Fig—Maximum nu 
ommended deeign temp. 


■ign temp. 

2&d Fijg—'Maximum number of dajra in one heating 


l-yr period when daily minimum temp wna equal to or lower than recommended de- 
lon, when daily minimum temp was equal to or lower than rev- 


1233] 





234 


PART II. TABLES 


In most caseSj this is correlated with the 
frequency of occurrence of the listed 
temperature as shown in Column G, which 
is explained later. It is interesting to note 
that there is some correlation between 
average annual minimum temperature and 
recommended design temperature. Some 
engineers prefer to use the former for de¬ 
sign conditions. 

Prevailing winter wind direction and 
average wind velocity in miles per hour 
are shown in column F, Table 1. 

Column G gives design temperature fre¬ 
quency of occurrence. In this column, two 
figures are shown. The first is the number 
of days in a 23-year period when the daily 
rninimujii temperatures have been equal to 
or lower than tVie recommended design 
temperature shown in column E. The sec¬ 
ond figure is the maximum number of times 
during any one heating season that the 
daily minimum temperatures have been 
equal to or lower than the temperature in 
column E. 

3310 design temiieratures recommended 
show a frequency of occurrence in any one 
heating season of from two to fourteen 
times. The design temperature is attained 
more frequently in the upper central 
United States. In general, the recom¬ 
mended design temperatures occur about 
15 to 40 times in a 23-year period and 5 
to 10 times in any one heating season of 
that period. A comparison of tliis type 
jierrnits local designers to adjust tlieir de¬ 
sign figures upward or downward, depend¬ 
ing on frequency, local experience and tyfie 
of construction. 

Summer Weather Data 

Tabular data of maximum recorded 
temperatures, recommended design dry 
bulb and wet bulb temjieratures, prevail¬ 
ing summer wind direction and velocit.y in 
miles per hour are presented in Table Z. 

The necessity for ventilation and control 
of both temperature and humidity requires 
knowledge of both dry and wet bull) de¬ 
sign temperatures. In winter it is not cus¬ 
tomary to use the lowest temperature on 
record for design purpose, and, similarly 
in summer, the maximum outside dry 
bulb or wet bulb temijcratures are not 
commonly considered for design. 

The question of what summer design 


temperatures should be used is less con¬ 
troversial than that of winter design condi¬ 
tions. It has been almost universally ac¬ 
cepted that the summer design outside dry- 
bulb temperature for any locality should 
be a temperature which is exceeded only 
2.5 to 5% of the time during normal day¬ 
light hours in the surniiier season. Ac¬ 
cepted design wet bulb temperatures are 
usually set at a figure which will be ex¬ 
ceeded only 5% of the total hours during 
June to Se))tember inclusive. Strict appli¬ 
cation of these rules for establishing the 
design temperatures for any locality will 
result in temperatures expressed in degrees 
ami tenths. It is customary for convenience 
to round out the figures for wet bulb tem- 
jieratures to the nearest degree. Dry bulb 
temperatures are rounded out to some con¬ 
venient figure close to and usually slightly 
higher than the result obtained by the 5% 
rule. 

The maximum dry bulb and maximum 
wet bulb temperatures seldom occur si¬ 
multaneously, and the use of off-peak con¬ 
ditions results in loads which are somewhat 
compensated for b}'^ this fact. 

Table 2, column A, shows the highest 
dry bulb on record for representative cities 
in the United States. Recommended de¬ 
sign outside dry bulb and wet bulb tem¬ 
peratures are listed in columns B and C, 
Table 2. Column D shows the,prevailing 
summer wind direction and velocity in 
miles per hour. 

The section of the table listing rccom- 
iiiendecl design temperatures will be found 
to be consistent with the method previ¬ 
ously outlined for establishing these condi¬ 
tions. In most cases the design dry bulb is 
rounded out to be within the 2.5 to 5% 
rule. 

In the previous edition of the Refrigp/r- 
ating Data Book, in the cha[)ter on Lf)ad 
Calculations, some recommended figures 
were offered as a guide to ambient tem¬ 
peratures. These were not intended to be 
used for air conditioning design, but were 
proposed for use in selection of air cooled 
condensing units and for heat leakage of 
commercial refrigerators. 

The maximum ambient temperature was 
defined as the average of the highest tem¬ 
perature of the hottest day of five con¬ 
secutive years. These figures for various 
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Table 2. Summer Weather Conditions 




A 

B 

C 

D 



A 

B 

C 

D 

state 

City 

High¬ 

est 

bu7b 

on 

rec¬ 

ord 

De¬ 

sign 

dry 

bulb 

De¬ 

sign 

Wet 

bulb 

Summer 

wind 

direction 

and 

velocity 

State 

City 

High¬ 

est 

buSi 

on 

rec¬ 

ord 

De- 

Bign 

b1>7b 

De¬ 

sign 

wet 

bulb 

Summer 

wind 

direction 

and 

velocity 

Ala. 

BirminKham 

Mobile 

107 

103 

95 

95 

78 

80 

S— 

sw 

5.2 

— 8.6 

Mich. 

Detroit 

Grand Rapids 

105 

108 

95 

95 

75 

75 

SW - 

W- - 

10.3 

7.7 

Ariz. 

Phoenix 

Tucson 

IIB 

111 

105 

105 

76 

72 

w- 

w— 

6.0 

5.0 

Minn. 

Duluth 

Minneapolis 

106 

108 

93 

95 

73 

75 

NE — 
SE- 

10.2 

8.4 

Ark. 

Little Rock 

110 

95 

7B 

NW 

— 6.0 

Miss. 

Vicksburg 

104 

95 

78 

SW- 

6.2 

Calif. 

Lob Angeles 
San Francisco 

109 

101 

90 

90 

70 

65 

SW- 

SW- 

- 6.0 ' 
— 11.0 

Md. 

Kansas City 
St. Louis 

113 

no 

100 

95 

76 

78 

s— 

SW- 

9.5 

9.4 

Colo. 

Denver 

105 

95 

64 

s- 

6.B 

Mont. 

Helena 

103 

95 

67 

sw— 

7.3 

Conn. 

Hartford 

New Haven 

101 

101 

93 

95 

75 

75 

s— 
s - 

6.9 

7.3 

Neb. 

Omaha 

114 

95 

77 

s- 

7.7 


Nev. 







Del. 

Dov er 
Wilmington 


93 

95 

70 

78 

sw 

sw 

- 9.0 1 

— 9.7 1 

Reno 

106 

95 

65 

w— 

7.4 


107 

N. H. 

Concord 

102 

87 

72 

NW— 


D. C. 






i 



Washington 

lot) 

95 

78 

s - 

6.2 ' 

N. J. 


104 

105 

106 

92 

95 

95 

77 
75 

78 

SW— 

SW- 

sw— 

13.4 

12.6 

10.0 

Fla. 

Jacksonville 

Miami 

Tampa 

104 

96 

9B 

95 

91 

94 

79 
79 
: 79 

sw 

SE- 

E 

8.7 
- 8.2 

7.0 


Newark 

Trenton 


N. Mbx. 

Santa Fe 

97 

90 

65 

SE— 

6 5 

Ca. 









Atlanta 

Savannah 

103 
105 1 

95 

95 

76 

78 

NW 

SW 

- 7.3 
-7.8 

N. Y. 

1 

1 

Albany 

Buffalo 

New York 

104 

97 

102 

92 

93 
95 

75 

75 

75 

s- 

sw 

sw— 

7.1 
12.2 
12.9 

Idaho 

j Boise 

121 

95 1 

1 65 

NW 

5.8 



N. C. 

Asheville 

Charlotte 

Raleigh 

97 

103 

103 

90 

94 

94 

75 

75 

78 

SE- 

SW— 

sw— 

5.6 

4.8 

5.9 

III. 

Chicago 

Peoria 

i ’ ; 

i 105 1 
113 ' 

95 1 
95 ! 

75 

76 

NE 

S 

10.2 

8 2 



N. D. 




i 



Ind. 

Fort Wayne 
Indianapolis 

106 

1 106 

«! 
9S 1 

75 

76 

SW 

SW 

— 80 i 

Bismarck 

114 

95 

73 

NW— 

8.8 


9. D 

Ohio 

Cincinnati 

Cleveland 

Columbus 

Toledo 

1 IlH 

qC 

78 

75 

76 
75 

SW— 

s— 

sw— 

SW— 

6.6 

9.9 

8.5 

9.7 

Iowa 

Des Moines 
Sioux City 

110 1 
1 111 ! 

95 : 
99 ' 

77 

75 

SW 

s— 

6.6 

10.1 


J UD 
100 
106 
105 

95 

95 

95 

Kan. 

Topeka 

Wichita 

ml 

114 ; 

102 
100 j 

76 

75 

s - 
s— 

10.0 

11.0 

Okla. 

Okla. City 
Tulsa 

113 

115 

101 

101 

76 

77 

s- 

s— 

10.1 
10.0 

Ky. 

Louisville 

107 

95 1 


sw 

- 8.0 ' 

Ore. 

Portland 

105 

90 

65 

NW - 

6.6 

La. 

New Orleans 
Shreveport 

102 

110 

95 1 
100 1 

79 1 
78 1 

sw- 

s— 

' i 

- 7.0 1 

6.2 

1 

Penna. 

Philadelphia 

Pittsburgh 

Scranton 

106 

103 

103 

95 

95 

95 

78 

75 

75 

SW - 
NW— 
SW— 

9.7 
9.0 

5.8 

Me. 






: 


Portland 

103 

90 

73 1 

s^- 

7.3 

R. I. 

Providence 

100 

93 

75 

NW— 

10.0 

Md. 








Baltimore | 

107 j 

95 

78 I 

sw- 

- 6.9 

1 

S. C. 

Charleston 
Greenville 1 

104 ' 
106 

95 

95 

BO 

76 

SW— 

NE - 

9.9 

6.8 

Maas. 

Boston 1 

Springfield | 

104 

104 

92 

93 

1 

75 ; 
75 I 

i 

sw- 

sw- 

.1 

_ 0 7 



- 9.D 

S. D. 1 

Sioux Falls 

no 1 

95 ' 

i 

75 

S— 

7.6 













236 


PART II. TABLES 


Table 2 . Summer Weather Conditions (Concluded) 




A 

B 

1 c 

D 

state 

City 

Hl^h- 

eit 

blllL 

OD 

rec¬ 

ord 

De¬ 

sign 

dry 

bulb 

Da- 

sign 

wet 

bulb 

Summer 

wind 

directloD 

and 

velocity 

Tenn. 







Chattanooga 

104 

95 

77 

SW— 6.5 


Knoaville 

104 

95 

78 

SW— 5.9 


Memphis 

106 

95 

7B 

SW— 7.5 


Nashville 

106 

95 

7B 

W— 7.5 

Tea. 

Dallas 

110 

100 

78 

S- 9.4 


El Paso 

106 

loo 

69 

E— 6.9 


Galveston 

101 

95 

80 

S— 9.7 


Houston 

IDB 

95 

78 

S— 7.7 


San Antonio 

107 

100 

78 

SE— 7.4 

Utah 







Salt Lake City 

105 

92 

63 

SE— B.Z 

Vt. 







Burlington 

lOO 

90 

73 

S— 8.9 




A 

1 B 

C 




High- 



1 

State 

City 

est 

bulb 

on 

rec- 

De¬ 

sign 

dry 

bulb 

De¬ 

sign 

I wet 

I bulb 

1 Summer 
wind 
direction 

1 snd 

velocity 



ord 



Vn. 

Norfolk 

105 

95 

78 

S— 10.9 


Richmond 

10^ 

9^ 

78 

SW - 6.2 


Roanoke 

105 

95 

76 


Wash. 

Seattle 

98 

85 

65 

S - 7.9 


Spokane 

108 

90 

65 

SW— 6.5 

W. Va. 

Charleston 

108 

95 

75 

SW— 4.0 

Wis. 

Milwaukee 

105 

95 

75 

S— 10.4 

Wyo. 

1 Cheyenne 

100 

95 

65 

1 

S— 9.2 

, 


citi 08 , when eoinpareil with the recom- 
ineiuled rlesiRn dry l)ullj temperatures for 
air conditioning, levnaled that the maxi- 
iniim ambient temperature ranged from 
seven de/a;rees below the design dry bulb to 
as iiiueh as nine degrees ai)Ove the design 
dry bulb temperature. It is recominendcd 
that live degrees above be used for general 
luaetiee, with normal ventilation. For 
pf)orly ventilated spaces where pumps, 
(loinpressors, and motors are operating, 
the ambient temperature in the space may 
rise to twenty degrees or more above the 
normal outside ambient temperature, and 
in extreme cases, the more conservative 
figures should be used. 

Summer Water Temperature Data 

Water temperature data from various 
sources for key cities and states arc shown 
in Table 3. Most of these data are from 
tables some of wliich have been previously 
published but all of which originated in 
reports published by the United States De¬ 
partment of Commerce. 

Water temperatures from mechanical 
draft cooling towers are dependent upon 
design wet bulb temperatures and cooling 
tower efficiencies. Information on cooling 
tow'er design may be found in Chapter 21. 
The data on water temperatures in this 
chapter are limited to those of water from 
natural sources, either surface or well. In 
most cases, city water mains arc supplied 
from one of these two sources, and it is un¬ 


usual to liave both soui ces in one locality 
except when private wells are used. 

These water temperatures are based on 
the highest monthly average occurring in 
any of the four months, June to September 
inclusive, and represent only one or two 
years' record. Most of these data were ob¬ 
tained and compiled originally in the pe¬ 
riod from 1930 to 1935, but past experi¬ 
ence has shown that thej'^ do not change to 
any great degree from year to year. For 
application of self-contained air-condition¬ 
ing units or commercial condensing units, 
cooled with city water, the temperatures 
listed ill Table 3 will be satisfactory for 
purposes of estimating. 

In any locality, application engineers 
concerned with local conditions may check 
local weather bureau records for informa¬ 
tion on dry and wet bulb temperatures. 
Water temperature data may be obtained 
from municipal engineers’ offices, utility 
company or industrial plant records. 

For other weather data not shown in 
the tables in this chapter, various sources 
are recommended. The United States 
Yearbook of Agriculture, 1941 Edition, 
contains information on maximum and 
minimum dry bulb temperatures, rainfall 
statistics and dates of first and last killing 
frosts. Probably one of the most complete 
summaries of weather information useful in 
design of summer air conditioning equip¬ 
ment is "Summer Weather Data" pub¬ 
lished by the Marley Company, Kansas 
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Table 3. City Water Temperatures 


City 

Water 

source* 

Water 

temp, 

F 

City 

Water 

source* 

Water 

temp, 

F 

AbileiiB, Tex. 

S-W 

HQ.U 

Chicago, 111. 

S 

69.4 

Akron, Ohio 

S 

74.7 

Chicago Heights, 111. 

w 

55.0 

Alameda, Calif. 

a 

64. U 

Chicopee, Mass. 

s 

06.7 

Albany, N.Y. 


66.U 

Cicero, 111. 

B 

72.0 

Albuquerque, N.M. 

W 

72.0 

Cincinnati, Ohio 

B 

82.0 

Alexandria, La. 

w 

86.0 

Clarksburg, W.Va. 

S 

77.0 

Alexandria, Va. 

B 

74.0 

Cleveland, Ohio 

B 

73.5 

Alhambra, Calif. 

W 

68.0 

Clifton, N.J. 

B 

55.0 

Allentown, Pa. 

a-w 

70.0 

Colorado Springs, Colo. 

B 

62.0 

Alliance, Ohio 

B-W 

68.0 

Columbus, Ga. 

B 

80.0 

Amarillo, Tex. 

w 

65.0 

Columbus, Ohio 

B 

76.0 

Ambridge, Pa. 

w 

66.0 

Concord, N.H. 

B-W 

73.0 

Amsterdam, N.Y. 

s 

57.0 

Council Bluffs, la. 

S 

81.5 

Anderson, Ind. 

S-W 

87.0 

Covington, Ky. 

S-W 

82.0 

Ann Arbor, Mich. 

w 

62.5 

Cranston, R.I. 

— 

65.0 

AnnisUm, Ala. 

w 

67.0 

Cumberland, Md. 

s 

65.0 

Appleton, Wis. 

s 

76.0 

Dallas, Tex. 

S-W 

82.5 

Asheville, N.C. 

B 

76.0 

Danville, 111. 

s 

84.0 

Ashland, Ky. 

S 

82.4 

Davenport, la. 

LJ 

K3.9 

Atlanta, Ga. 

s 

83.5 

Dearborn, Mich. 

— 

75.0 

Atlantic City, N.J. 

S-W 

72.5 

Decatur, 111. 

s 

83.3 

Attleboro, Mass. 

S-W 

68.7 

Denver, Colo. 

S-W 

70.9 

Auburn, N.Y. 

s 

69.0 

Des Moines, la. 

s 

72.9 

Augusta, Ga. 

s 

85.0 

Detroit, Mich. 

s 

75.0 

Aurora, 111. 

w 

60.0 

Dubuque, la. 

w 

60.0 

Austin, Tex. 

s 

85.0 

Duluth, Minn. 

B 

70.6 

Baltimore, Md. 

s 

70.0 

Durham, N.C. 

s 

70.2 

Bangor, Me. 

s 

72.0 

East Cleveland, Ohio 

— 

73.5 

Battle Creek, Mich. 

S-W 

52.0 

East Providence, R.I. 

s 

60.0 

Bay City, Mich. 

s 

78.0 

East St. Louis, 111. 

s 

90.0 

Beaumont, Tex. 

s 

88.0 

Easton, Pa. 

B 

65.0 

Belleville, 111. 

B 

90.0 

Eau Claire, Wis. 

— 

53.0 

Beloit, Wis. 

w 

57.0 

Elgin, 111. 

— 

56.0 

Berkeley, Calif. 

s 

64.0 

Elizabeth, N.J. 

B-W 

66.7 

Berlin, N.H. 

s 

66.0 

Elkhart, Ind. 

W 

60.0 

Bethlehem, Pa. 

S-W 

75.0 

El Faso, Tex. 

w 

85.0 

Birmingham, Ala. 

s 

82.0 

Elyria, Ohio 

s 

72.9 

Bloomington, 111. 

B 

78.8 

Erie, Pa. 

B 

72.9 

Bluefield, W.Va. 

B 

70.6 

Evanston, 111. 

B 

69.0 

Boston, Mass. 

s 

74.3 

Evansville, Ind. 

B 

85.0 

Braddock, Pa. 

s 

80.0 

Everett, Wash. 

S 

62.0 

Bradford, Pa. 

S-W 

60.0 

Fargo, N.D. 

B 

85.1 

Bridgeport, Conn. 

s 

64.0 

Findlay, Ohio 

s-w 

63.0 

Brockton, Mass. 

s 

62.0 

Flint, Mich. 

s 

72.0 

Brookline, Mass. 

w 

67.0 

Fond du Lac, Wis. 

w 

56.0 

Brownsville, Tex. 

s 

87.0 

Fort Dodge, la. 

w 

52.0 

Buffalo, N.Y. 

s 

73.0 

Fort Smith, Ark. 

s 

80.0 

Burlington, la. 

s 

87.0 

Fort Wayne, Ind. 

s 

79.0 

Burlington. Vt. 

S 

66.0 

Fort Worth, Tex. 

s 

83.0 

Butler, Pa. 

S 

70.0 

Freeport, 111. 

w 

56.0 

Cambridge, Mass. 

s 

74.0 

Fresno, Calif. 

w 

72.0 

Camden, N.J. 

w 

58.0 

Gadsden, Ala. 

s 

82.0 

Carlxindale, Fa. 

B 

70.0 

Galesburg, 111. 

w 

67.0 

Cedar Rapids, la. 

s 

82.5 

Gary, Ind. 

s 

70.0 

Central Falls, R.I. 

— 

74.0 

Glendale, Calif. 

s-w 

68.2 

Charleston. S.C. 

B 

85.0 

Grand Rapids, Mich. 

s 

74.0 

Charlestown, W.Va. 

S 

83.0 

Granite City, 111. 

— 

90.0 

Charlotte, N.C. 

s 

81.0 

Greenville, S.C. 

s 

76.0 

Chattanooga, Tenn. 

S 

79.5 

Hagerstown, Md. 

B 

83.0 

Chester, Fa. 

S 

79.0 

Hamilton, Ohio 

w 

66.0 


* S ^BUrfttcc; W "Well. 
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Table 3. City Water Temperatures (Continued) 


City 


Hammond, Ind. 
Hannibal, Mo. 
Hartford, Conn. 
Hazclton, Fa. 
Highland Park, Mich. 
High Point, N.( '. 
Holyoke, Mass. 
Houston, Tox. 
Hutchinson, Kan. 
Indianapolis, Ind. 
Ithaca, N.Y. 

Jackson, Mich. 
Jackson, Miss. 
Jackson, Term. 
Jacksonville, Pla. 
Janesville, Win. 
Jefferson City, Mo. 
Johnstov^n, Pa. 
Kalamazoo, Mich. 
Kansas City, Kon. 
Kenosha, Wis. 
Knoxville, Tenii. 
LaCrosse, Wis. 
l^afayctte, Ind. 
Lancaster, Pa. 
Lansing, Mich. 
Larodo, Tex. 
Leominster, Muss. 
Lima, Ohio 
Lincoln, NeVii'. 

LiLtle Hock, Ark. 

Los Angeles, Calif. 
Louisville, Ky. 

Lowell, Maas. 
Lublmck, Tex. 
Lynchburg, Va. 
McKeesport, Pa. 
Madison, Wis. 
Manitowoc, Wis. 
Mansfield, Ohio 
Marion, Ind. 

Mason City, la. 
Massillon, Ohio 
Maywood, III. 
Memphis, Tenn. 
Meridian, Mias. 
Michigan City, Ind. 
Milwaukee, Wis. 
Minneapolis, Minn. 
Mishawaka, Ind. 
Mobile, Ala. 

Moline, III. 
Montgomery, Ala. 
Mount Vernon, N.Y. 
Muncie, Ind. 
Muskegon, Mich. 
Muskogee, Okla. 
Nashua, N. H. 
Nashville, Tenn. 

New Albany, Ind. 


Water 

source* 

Water 

temp, 

F 

S 

82.0 

S 

80.0 

s 

70.0 

s 

65.0 

s 

74.0 

s 

78.0 

s 

74.0 

W 

cS4.0 

w 

60.0 

s-w 

82.0 

s 

71.6 

w 

52.0 

s 

82.0 

w 

70.0 

w 

86.7 

w 

52.0 

s 

80.0 

s 

59.5 

\A 

52.0 

s 

93.0 

s 

67.0 

s 

84.3 

vs 

52.0 

w 

53.0 

s 

77.0 

w 

69.0 

s 

84.6 

s 

74.0 

s 

77.4 

w 

59.0 

s-w 

88.0 

s-w 

76.0 

s 

82.0 

w 

50.0 

w 

67.0 

s 

73.0 

s 

80.6 

w 

53.0 


58.0 

w 

50.0 

w 

55.0 

w 

59.0 

S-w 

55.0 

w 

60.0 

— 

70.0 

s-w 

86.0 

s 

71.0 

s 

60.6 

s 

80.2 

w 

57.0 

— 

73.0 

s 

85.9 

w 

71.0 

s 

68.0 

s-w 

75.5 

s 

68.0 

s 

90.7 

\N 

67.0 

s 

88.0 

s 

83.0 


City 


Newark, N.J. 

Newark, Ohio 
New Bedford, Mass. 
New Brunswick, N.J. 
Newburgh, N.Y. 

New Haven, Conn. 

New Orleans, La. 
Newport, H.l. 

Newport News, Va. 

New York, N.Y. 
Niagara Falla, N.V. 
Norfolk, Vii- 
Norristowui, Pa. 

North Little Rock, Ark. 
North Tonawandii, N.Y. 
Norwood, Ohio 
Oakland, Calif. 

Oak Park, Ill. 

Ogden, Utah 
Oil City, Pa. 

Oklahoma CiLy, Oklii. 
Omaha, Ncbr. 

Orlando, Fla. 

Oswego, N.Y. 

Ottumwa, la. 

Paducah, Ky. 

Pasadena, C/alif. 

Passaic, N.J. 

Paterson, N.J. 
Pawtucket, H.l. 
Pensacola, Fla. 

Peoria, III. 

Perth Amboy, N.J. 
PetcrsVmrg, Va. 

Phoenix, Ariz. 
Philadelphia, Pa. 

Pine Bluff, Ark. 
Pittsburgh, Pa. 

Pontiac, Mich. 

Portland, Me. 

Portland, Ore. 
Portsmouth, Ohio 
Poughkeepsie, N.Y. 
Providence, R.l. 

Pueblo, Colo. 

Quincy, 111. 

Quincy, Mass. 

Racine, Wis. 

Raleigh. N.C. 

Reading, Fa. 

Richmond, Va. 

Riverside, Calif. 
Rochester, Minn. 
Rochester, N.Y. 
Rockford, III. 

Rock Island. 111. 

Rome, Ga. 

Sacramento, C’alif. 
Saginaw, Mich. 

St. Cloud, Minn. 


Water 

source* 

Water 

temp, 

F 

S 

71.5 

S 

70.0 

s 

71.0 

s 

71.0 

s 

54.0 

s 

70.0 

s 

90.0 

s 

70.2 

S-W 

82.0 

s-w 

70.0 

s 

69.8 

s 

83.0 

s 

84.0 

s 

85.0 

s 

78.0 

V 

56.0 

s 

64.0 

s 

75.0 

s-w 

60.0 

w 

65.0 

s 

77.2 

s 

80.9 

s 

87.0 

s 

68.0 

s 

77.5 

s 

89.0 

s-w 

74.0 

s 

55.0 

s 

64.0 

s 

74.0 

w 

70.0 

w 

56.0 

w 

54.0 

s 

78.0 

s 

81.0 

s 

79.0 

w 

80.0 

s 

80.6 

w 

55.0 

s 

66.0 

s 

62.0 

s 

80.6 

s-w 

76.6 

s 

65.0 

s 

74.0 

s 

82.2 

s 

74.0 

s 

68.5 

s 

83.4 

s 

78.8 

s 

80.4 

w 

74.0 

W' 

58.0 

s 

68.9 

w 

55.0 

s 

80.0 

s 

78.0 

s 

80.6 

s 

78.0 

s 

77.0 


•B-surfrtii ; W-well. 
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11. WEATHER AND WATER DATA 
Table 3. City Water Temperatures (Concluded) 


City 

Water 

source* 

Water 

tempj 

F 

8t. Louia, Md. 

S 

85.0 

St. Louia County, Mo. 

S 

84.0 

Salinu, Kun. 

w 

02.0 

Salt Lakti City, Utah 

s-w 

58.0 

San Angelo, Tex. 

s 

SO.O 

San Antonio, Tex. 

w 

70.0 

Sandusky, Ohio 

s 

7.5.2 

San Francisco, ('Silif. 

S-W 

ou.o 

San Jose, Calif. 

S-Y\’ 

73.0 

Santa Ana, Calif. 

w 

O‘J.0 

Santa Barbara, Calif. 

s 

70.0 

Schenectady, N.Y. 

w 

.57.0 

Scranton, Pa. 

s 

70.0 

Seattle, Wash. 

s 

02.0 

Shainokin, Pa. 

iS 

05.0 

Sharon, Pa. 

s 

73.0 

Shawnee, Okla. 

s 

5,5.0 

Sheboygan, Wis. 

s 

05.0 

Shreveport, La. 

s 

01.0 

iSi[mx Falla, S.D. 

w 

55.0 

Spartanburg, S.C. 

s 

78.8 

Spokane, Wash. 

s 

47.0 

Springfielil, 111. 

s 

SO.O 

Springfield, Maas. 

s 

55.0 

Springfield, Mo. 

s-w 

70.0 

Stamford, Conn. 

s 

70.0 

Steubenville, Ohio 

s 

OS.O 

Stockton, Calif. 

w 

70.0 

Stratford, Conn. 

s 

Ol.U 

Superior, Wia. 

w 

01.4 

Syracuse, N.Y. 

s 

70.4 

Tacoma, Wash. 

S-W 

01.0 

Tampa, Fla. 

s 

87.0 

Taunton, Mas.^. 

s 

70.0 


* S =Hiirfiicr‘; W =wp11. 

City, Klin. This book ooiitMins aiuilytical 
data on a nationwidii basis of dry bulb 
temj)oraturos, wet bulb temperatures, dew 
points, wind and sunshine for tlie suinnier 
period of June to September inclusive, and 
much information on conditions at other 
times of the year. Material in tins book has 
been drawn upon freely in the preparation 
of this chapter. 

The frequency of occurrence of recom¬ 
mended design temperatures for winter is 
based upon a study, the results of which 


City 

waiBi 

SDUTce* 

Design 
wet bulb, 
F 

Texarkana, Tex. 

S-W 

SO.O 

Toledo, Ohio 

s 

84.0 

Topeka, Kan. 

s-w 

SO.O 

Trenton, N .l. 

s 

79.0 

Troy, N.Y^ 

s 

72.5 

Tucson, Ariz. 

v\ 

SO.O 

Tulsa, Okla. 

s 

Sl.S 

Tuscaloosa, Ala. 

s 

71. U 

Unioiiiowu, Pa. 

S-^^’ 

08.0 

Utica, N.Y. 

s 

70.2 

Waco, Tex. 

s 

K4.0 

Warren, Ohio 

s 

7K.li 

Washington, D.C. 

s 

75.0 

Wiiterbiiry, Conn. 

s 

74.0 

Watertown, N.Y. 

I"' 

72.0 

Waukegan, 111. 

s 

09.8 

Wausau, Wis. 

w 

00.0 

We.stfield, Mass. 

s 

03.0 

West Palm Beach, I'li 

:i. S 

80.2 

Weymouth, Mass. 

s 

75.2 

Wheeling, W.Va. 

s 

80.9 

Wichita Falls, Tex. 

s 

,90.0 

Wilkinsburg, Pii. 

s 

79.0 

Williamsport, Pa. 

S-W 

00.0 

Wilmington, Del. 

s 

79.0 

Wiliiiirigton, N.C^ 

s 

80.0 

Winona, Minn. 

w 

52.0 

W'oodbridge, N..). 

s 

51.8 

Woonsocket, 11.1. 

s 

72.0 

W'orcoster, Mass. 

s 

73.0 

Y^ikiniii, Wa.sb. 

s 

05.0 

Yonkers, N.Y'. 

s 

79.0 

Young.stowii, Ohio 

s 

08.5 


were published in 1939 by the Carnegie 
Institute of Teehiiology—Bulletin No. 82, 
"An Analysis of Winter Temperatures for 
One Hundred and Twenty Cities,'' by 
Clark M. Humphreys. 

Summer water temperature data are 
from several sources, including a table ap¬ 
pearing in earlier editions of the Refrigtral- 
ing Data Book^ tables in "Heating and 
Ventilating Data Sheets" which were orig¬ 
inally published by the Department of 
Commerce, and a few local sources. 







12. PHYSICAL PROPERTIES OF MATERIALS, 
INCLUDING INSULATION 


Table 1. Gases and Vapors 


Name or 
d escription 

Formula 

Sp ht c. 

Density 
at 1 atm 
and 32F 

MdI 

wt 

Boiling 

point 

Thermal con¬ 
ductivity 

Critical 

temp 

Pres¬ 

sure 







F 

psia 


Btu/lb 

Temp, F 

Ib/cu ft 



F 

K 


Air 


.2377 

-22 to +50 

.0808 

28.97 

-317 

-148 

.0095 

221 

910 







32 

.0140 



Air 


.2375 

32 to 400 




212 

.0183 



Alcohol 

CiHbOH 

.4534 

110 to 400 








Alcohol 

CHiOH 

.45B0 

no to 400 








Ammoniit 

NH. 

.5202 

73 to 212 

.0482 

17.03 

- ZB 

- 76 

.0095 

270 

1,638 







+ 32 

.0128 



Argon 

A 

.1233 

68 to 195 

.1114 

39.91 

-302 



-187 

705 

Acetylene 

C,H, 



.0732 

26.02 





700 

Benzene 

C.H, 

.2990 

94 to 235 

.206 

78.11 

176.18 

32 

.0052 

551 

Bromine 

Br, 

.0555 

181.4 
to 

442.4 

.4460 

159.83 






Butane 

CiHid 



.1623 

58.08 

31.1 

32 

.0078 

307 

528 

Benzol 




.233 







Butvlene 

C^H, 



.148 

56.06 






Caroon dioxide 

CO, 

.1843 

-20 to 45 



-164.2 

- 58 

.0068 








i 

32 

.0085 



Carbon dioxide 

CO, 

.2025 

59 to 212 

.1235 

44.0 




88 

1,072 

Carbon monoxide 

CO 

1 .2425 

74 to 210 

.0781 

28.0 

-311.6 

32 

.0135 

-218 

514 

Chlorine 

Cl, 

.1125 

61 to 700 

.2011 

70.91 

- 22 

32 

.0043 

291 

1,118 

Chloroform 

CHCl. 

.1441 

80 to 230 


119.39 

142.16 

32 

.0038 

523 

1,116 

Carbon diaulflde 

CS, 




76.1 

115 



Carbon tetrachlo- 

CCIi 




153.8 

170 



541 

661 

ride 

Dichlorodifluoro- 

CCliF, 

.143 

0 to 100 


120.92 

- 21.64 

32 

.0048 



methane (Fn) 
Dichloromethane 

CH,C1, 




84.9 

105 



421 

1,490 

Ether 

C iHipO 

.4797 

156.2 


74.12 

34 

- 94 

.0066 

90 

717 

Ethane 

C,Hi 


435.2 

.0848 

30.05 

-126.94 

- 29 

.0086 








32 

.0106 



Ethyl chloride 

CiHiCl 



.1793 

64.5 

54.5 

32 

.0055 

370 

764 

Ethylene 

C,H. 



.0783 

28.03 

-155 

- 96 

.0064 

50 

747 







32 

.0101 



Ethyl ether 

CiHipO 

.4280 

77 to 232 




32 

.0077 



Fluorine 

F, 



.1022 

38.DO 

-304.6 




580 

Freon-lZ 

CC1.F, 

.143 

1 to 100 


120.9 

- 21 

207 

.057 

233 

Helium 

He 



.011 

4.00 

-452 



-450 

33 

Hydrochloric acid 

HCl 

.1940 

55.4 to 212 

.1024 

36.47 


- 58 

.083 

-400 

IBB 

Hydrogen 

H, 

3.3996 

-2.2 

.0056 

2.016 

-421.6 



to 

+ 118.4 




32 

.IDO 


1,306 


Hydrogen sulfide 

H,S 

.2451 

68 to 402.8 

.096 

34.08 

139.28 

32 

.0076 

212 

Hydrogen chloride 

HCl 




36.4 

-121 


.0112 

124 

1,198 

Heptane 

C7H1. 



.301 

IDO.2 

209.08 

392 



Hexane 

C |Hi4 



.2553 

86.17 

155.66 

32 

.0072 

454 

433 

Hexylene 

C iHi, 




84.09 





543 

laobutane 

C4H|I 



.1669 

58.07 

14 

32 

.DOSO 

273 

Isopentane 

C,Hi, 




72.09 



.0053 

289 

966 

Methyl chloride 

CH.Cl 



.1440 

50.48 

- 10.66 

32 

Methane 

CH. 

.5929 

66 to 390 

.0448 

16.03 

-257.8 



-116 

672 

Neon 

Nitrogen 

Ne 

.2438 

32 to 390 

.0544 

20.40 

-320.44 

32 

.0140 

-380 

389 

Nitrous oxide 

N,0 

.2126 

BO to 220 

.1235 

44.02 

-129.1 

- 98 

.0067 








32 

.0087 

98 

1,053 

Nitrogen tetroxide 

NO, 

1.625 

80 to 15U 








Naphthalene 

Cl,Hi 




IZB.O 






Natural gas 





19.46 






Oxygen 

0 . 

.2175 

50 to 400 

.0892 

32.00 

-297.4 

— 58 

.0119 

-182 

730 







32 

.0142 



Propane 

C.H, 



.126 

44.09 

- 44.14 

32 

.0087 

204 

632 

Pentane 

CiHi, 



.211 

72.15 

96.8 

32 

.0074 

387 

485 

Phenol 

C,H. 




94.0 






Primylene 

Re^ery gas 
Sulfur dioxide 

C,H, 




42.0 

- 52 



198 

661 

SO. 

.1544 

16 to 202 

.1828 

1.20 

64.06 

+ 14 

32 

.0050 

315 

1,141 

Water vapor 

H.O 

.46 

100 


18.01 

212 

115 

.0120 

706 

3,226 


.49 

210 




212 

.0137 




Note: iir>s>Btu ft/hr aq It F, however lower case k is fc^Btu in./hr sq ft F. 
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Table 3. Solids 


Name or 
description 

Sp ht 

Sp gr 

Conductivity 

Btu ft/hr sq ft F 

Emissivity 

Btu/lb F 

Temp 

F 

Temp 

F 

K 

Temp 

F 

Ratio 

Aluminum 

.226 

100 

2.55-2.80 

64 

116.0 

73 

.040 

Aluminum bronze 



7.7 





Alundum 

.186 

212 






Asbestos 

.25 

.47.58 

2.1-2.8 

32 

.09 

100-700 

.93-.95 

Asphalt 

.3-.4 







Ashes 

.20 


.64-.72 

32 

.041 



Bakelite 

.3-.4 







Brickwork 

.2 


1.85-2.00 

70 

.33-.92 

70 

.93 

Brass, red 

.08091 

32 

8.4-8.7 

32 

59.5 

73 

.043 

Brass, yellow 

.08831 

32 

8.4-8.7 

32 

49.4 


.043 

Bismuth tin 

.040 



64 

37.6 



Bell metal 

.086 

59 208.4 






Bronze 

.104 


7.4-8.8 





Cadmium 

.0548 


8.65 

64 

53.7 



Carbon (gas retort) 

.204 





68 

.927-.967 

Cardboard 





.1-.2 



Cellulose 

.32 







Cement, Portland 

. 186 


1.5-2.4 


.017 



clinker 








Charcoal (wood) 

.242 


.28-.57 

172 

.051 



Chrome brick 

.17 







Clay 

.224 


1.28 





Coal 

.26-.37 


.65-1.8 





Coal tars 

.35 

104 






Coal tar oils 

.34 

59-194 






Coke 

.265 

69.8-752 

1.0-1.4 

32 

.106 



Concrete (stone) 

.156 

70-213 

1.5-2.4 


.5-.75 



Copper (cast 



8.8 8.9 

64 

222.0 

66 

.030 

rolled) 








Cryolite 

.253 

60.8-131 






Chalk 

.215 


1.8-2.8 


.48 

145 380 

.32 .36 

Cork (granulated 

.485 


.22.26 

24 

.028 



rolled) 








Cotton (flax, hemp) 



1.47-1.50 

32 

.033 



Cotton (wool) 





.01 



Diamond 

.147 







Earth (dry & 



1.5 loose 

32 

.035 

145 

.39-.43 

packed) 




100 

.039 



Felt 




86 

.022 



Fireclay brick 

.198 

212 






Fluorspar 

.21 

86 






Glass (crown) 

.16-.2 


2.4-2.7 


.333-.5 

72 

.937 

(flint) 

.117 


3.2-4.7 



72 

.937 

(pyr.Bx) 

.20 





72 

.937 

(silicate) 

.188-.2 

32-212 




72 

.937 

(wool) 

.157 







(common) 



2.40-2.80 



72 

.937 

Graphite (powder) 

.165 

78.8-168.8 


104 

.106 



Graphite 

.20 

68-212 

2.4-2.7 


1.0-2.32 

145-380 

.40-.56 

Gypsum 

.259 

60.8-114.8 

2.3-2.8 

68 

.25 

70 

.903 

German silver 

.0946 

32-212 

8.58 





Garnet 

.1758 

60.8-212 






Gold 

.0308 


19.25-19.2 

64 

169.0 


.05 

Ice 

.350 

-112 

.88-.92 

32 

1.28 (water) 

32 

.95 

Ice 

.434 

- 40 


14 

1.35 



Ice 

.465 

- 4 


- 4 

1.41 



Ice 

.487 

32 


-22 

1.471 



Ice 




-40 

1.538 



India rubber (para) 

.481 

-148 






Iron (gray cast) 

.101 


7.03-7.13 

129 

27.6 
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Table 3. Solids (Concluded) 


Name or 
description 

Sp ht 

Sp gr 

Conductivity 

Btu ft/hr sq ft F 

Emlssivity 

Btu/lb F 

Temp 

F 

Temp 

F 

K 

Temp 

F 

Ratio 

Iron (cast pig) 



7.2 





Iron (wrought) 



7.6-7.9 

64 

34.9 

70-680 

.94 

Lead 

.030 


11.34 

64 

20.1 

75 

.281 

Limestone 

.217 

59-212 

2.1-2.B 


.3-.75 

145-380 

.36-.90 

Litharge 

.055 







Leather 



.86-1.02 


.092 



Linen 





.05 



Marble 

.21 

64.4 

2.4-2.8 


1.2-1.7 

72 

.931 

Manganese 



7.42 





Magnesia 

.234 

212 



.04 



Magnesite brick 

.222 

212 



.9-2.5 



Monel metal 

.127 

6a 2372 

8.97 





Mica 

.10 

68 



.44 



Nickel 

.103 


B.9 

64 

34.4 

74 

.045 

Nickel steel 

.log 







Paper 

.324 


.70-1.15 


.075 

66 

.924 

Paraffin 

.6g39 

32-68 

.87-.91 

86 

.145 



Platinum (cast) 



21.5 

64 

40.2 



Porcelain 

.22 



329 

. 945 

72 

.924 

Pyrites (copper) 

.131 

66.2-122 






Pyrites (iron) 

.136 

59-208.4 






Paint (lacquers, 








varnish) 








White lacquer 






100 200 

.80-.95 

White enamel 






73 

.906 

Black lacquer 






76 

.875 

Black shellac 






70 

.821 

Aluminum paint 






212 

. 3-. 5 

Plaster (rough 





.25.05 

50 190 

. 91 

lime) 








Sawdust 



.21 

68 

.042 



Rock salt 

.219 

55.4-113 






Rubber (goods) 

.4S 


1.0-2.0 

100 

.92 

76 

.859 

Saltpeter 



1.07 





Sand 

.191 


1.4-1.9 

68 

. IBB 



Silica 

.316 







Steel (cold-drawn) 

.12 


7.83 

64 

26.2 

75 

.82 

Stone 

.2 







Silver (cast) 



10.4-10.6 

64 

244.0 

75 

.82 

Snow (fresh fallen) 



.125 





Tin (cast) 

.053 


7.2-7.5 

64 

37.6 

76 

.043-.064 

Tungsten 

.034 


19.22 





Tar (bituminous) 



1.20 





Wood (oak) 

.570 


.65-.84 


.085.125 

70 

.895 

most woods vary 








between 

.45-.65 







Ash 



.55.71 





Fir 

.65 


.40 

86 

.094 



Elm 



.56 





Hickory 



.74-.80 





Mahogany 



.56-.85 





Maple 



.53-.68 

86 

.092 



Pine 

.67 


.43-.67 

86 

.065-.085 



Spruce 



.45 





Walnut 



.59 





Wool 



1.32 

86 

.022 



Zinc (cast) 



7.1 




.10 

Zinc (galvanized) 






75 

.22-.28 


Note: The emiHoivity of b lurfacB variM with Its temperature, its degree of rDUghneea, and, if a metal, iti degree of 
oxidation. Therefore it must be remembered, emiaeivity for BurfaoM whoso degree of roughiiesH and oxidation is not 
specified Is only an approximate value, and a wide variation is possible. 
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Table 4. Insulating Materials 


Conductivity, k, is in Btu per hr sq ft deg F per inch of thickness. Conductance, c, 
is in Btu per hr sq ft deg F fur the thickness specified. 


Material 

Description 

Density 
Ib/cu ft 

Mean 

temp 

F 

Conductivity or 
conductance 

k ar c 

BLANKET & 

Asphalt-glass wool pad 

17.7 

90 

.287 

BATT IN- 


17.7 

60 

.273 

SULATIONS 


17.7 

30 

.256 



17.7 

0 

.241 



17.7 

-30 

.226 



17.7 

- 60 

.211 


Chemically treated wood fibers held between 

3.b2 

70 

.25 


layers of strong paper 





Aerated wood fiber mat 

1.7 

90 

.272 



1.7 

60 

.252 



1.7 

30 

.236 



1.7 

0 

.219 



1.7 

-30 

.203 



1.7 

— 60 

.187 


Eelgrass between strong paper 

4.60 

90 

.26 



3.40 

90 

.25 


Flax fibers between strong paper 

4.90 

90 

.28 


Chemically treated mohair between Kraft pa- 

5.76 

71 

.26 


per & asbestos paper 

1 




Chemically treated hog hair between Kraft pa- 

7.70 

71 

.28 


per & asbestos paper 





Hair felt between layers of paper 

11.00 

75 

.25 


Kapok between burlap or paper 

1.00 

90 

.24 


Stitched & creod expanding fibrous blanket 

1.50 

70 

.27 


Paper & asbestos fiber with emulsified asphalt 

4.2 

94 

.28 


Ae binder 





Cotton insulating batt 

.875 

72 

.24 


Felted cattle hair 

13.00 

90 

.26 



11.00 

90 

.26 


Hair felt | in. thick 

10.9 

90 

.265 



10.9 

60 

.250 



ID.9 

30 

.236 



10.9 

0 

.223 



10.9 

-30 

.210 



10.9 

-60 

.199 


Felted hair & asbestos 

7.B 

90 

.28 


Ground paper between two layers, each ^ in. 

12. 1 

75 

.40 


thick made up of two layers of Kraft paper | 





(sample f in. thick) 





Granulated mineral wool 

6 

85 

.26 


Mineral wool felt 

5.9 

58.6 

.224 



5.9 

106.0 

.252 



B.5 

59.3 

.216 



8.5 

107.2 

.238 


Kold board 

16.2 

32.0 

.283 



16.2 

89.9 

.318 


Wood fiber blanket 

3.5 

90 

.266 



3.5 

60 

.250 

j 

3.5 

30 

.236 


3.5 

0 

.223 



3.5 

-30 

.211 



3.5 

-60 

.198 

LOOSE FILL 

Mads from ceiba fibers 

1.90 

75 

.23 

TYPE 


1.60 

75 

.24 


Cotton fibers 





Short staple linters fireproofed 

6.25 

90 

.25 
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Table 4. Insulating Materials (Continued) 


Material Description 

Density 
Ib/cu't 

Mean 

temp 

F 

Conductivity or 
conductance 

k ut c 

LOOSE FILL 

4.50 

90 

.24 

TYPE Cotton 

2.65 

90 

.246 


2.65 

60 

.253 


2.65 

30 

.221 


2.65 

0 

.208 


2.65 

-30 

.195 


2.65 

-60 

.183 

Cotton fibers 




Short staple Haters fireproofed 

2.45 

90 

.24 


1.60 

90 

.26 

Cotton 

1.53 

90 

.247 


1.53 

60 

.230 


1.53 

30 

.216 


1.53 

0 

.202 


1.53 

— 30 

.188 


1.53 

-60 

.176 


0.95 

90 

.266 


0.95 

60 

.245 

1 

0.95 

30 

.227 


O.Qj 

0 

.208 


0.05 i 

-30 

.191 


0.95 

-60 

.173 


.65 

90 

.30 

Eacelsior 

1.84 

90 

.343 


1.B4 

60 

.313 


1.84 

30 

.286 


j 1.84 

0 

.261 


1.84 

-30 

.237 


1.84 

-60 

.213 

Fibrous material made from dolomite & 

1.5 

75 

.27 

silica 




Fibrous material made from slag 

9.40 

103 

.27 

Redwood bark 

3.0 

90 

.31 


4.0 

90 

.282 


4.0 

60 

.263 


4.0 

30 

.247 


4.0 

0 

.229 


4.0 

— 30 

.213 


4.0 

-60 

.198 

Redwood bark 

5.0 

75 

.26 

Glass wool fiber .0003 to .0060 in. in diameter 

1.5 

75 

.27 

Glass wool 

1.65 

90 

.303 


1.65 

60 

.272 


1.65 

30 

.247 


1.65 

0 

.225 


1.65 

-30 

.203 


1.65 

-60 

.183 

Granular insulation made from combined sili¬ 

4.2 

72 

.24 

cate of lime & alumina 




Expanded vermiculite 



.48 

Expanded vermiculite (particle size—3X14) 

6.2 


.32 

Regranulated cork i^-in. particles 

8.10 

90 

.31 

Hand appHed granular mineral wool 2 in. to 6 

6.05 


.30 

in. thick, horizontal position, no covering 

to 


to 


7.13 


.33 

Mineral wool 

3.5 

90 

0.287 


3.5 

60 

0.271 


3.5 

30 

0.238 


3.5 

0 

0.216 
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Table 4. Insulating Materials (Continued) 


Material 

Deacription 

Density 
Ib/cu ft 

Mean 

temp 

F 

Conductivity or 
Conductance 

Ac or c 

LOOSE FILL 


3.5 

-30 

0.19B 

TYPE 


3.5 

-60 

0.186 


4-in. machine blown granular mineral wool, 

5.74 


.30 


horizontal position, no covering 





Rockwool 

10.0 

90 

.27 


Nodulated mineral wool 1^ in. thick 

10.0 

90 

.2B9 



10.0 

60 

.272 



10.0 

30 

.256 



10.0 

0 

.242 



10.0 

-30 

.227 



10.0 

— 60 

.213 


Silica aerogel 

7.6 

90 

.169 



7.6 

60 

.160 



7.6 

3D 

.152 



7.6 

0 

.145 



7.6 

-30 

.138 



7.6 

-60 

.133 


Ezpanded vermiculite, fill 

B.2 

90 

.476 



B.2 

60 

.457 



8.2 

30 

.43B 



B.2 

0 

.420 



B.2 

-30 

.401 



B.2 

-60 

.3B3 

INSULATING 

Made from sugar cane fiber 

13.5 

70 

.33 

BOARD 

Made from corn stalks 

15.0 

71 

.33 


Made from exploded wood fiber 

17.9 

78 

.32 


Made from hard wood fiber 

15.2 

70 

.32 


Made from wood fiber 

15.9 

72 

.33 



15.00 

70 

.33 




52 

.33 



8.5 

72 

.29 



15.20 


.33 



16.90 

90 

.34 


Made from licorire root 

16.1 

81 

.34 


^-in. insulating board without special finish 

16.5 

90 

.33 



to 


to 


Eleven samples 

21.B 


.40 


1-in. insulating board 

15.2 


.34 


Corkboard (average) 1.12 in. thick 

7.07 

-14 

.233 


Corkboard (average) l.D in. thick 

7.07 

0 

.27 



7.07 

-loa 

.201 


Corkboard (average) 1.04 in. thick 

6.70 

-21 

.242 



6.70 

-115 

.204 


Glass fiber board l.DO in. thick 

11.0 

-16 

.213 



11.0 

-111 

.16B 


Cellular glass block 

10.3 

90 

0.422 



10.3 

60 

0.404 



10.3 

30 

0.3B7 



10.3 

0 

0.371 



10.3 

-30 

0.353 



10.3 

-60 

0.337 


Expanded glass block 1.07 in. thick 

10.6 

-22 

.409 



10.6 

-110 

.381 


Vegetable fiber board 1.02 in. thick 

14.4 

-24 

.2B4 



14.4 

-110 

.248 


Expanded rubber board 1.00 in. thick 

4.9 

-22 

.206 



4.9 

-100 

.173 
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Table 4. Insulating Materials (Continued) 


Material 

Description 

Density 
Ib/cu ft 

Mean 

temp 

F 

Conductivity or 
conductance 

k UT c 

INSULATING 

Shredded redwood bark 1.00 in. thick 

4.0 

-25 

.208 

BOARD 


4.0 

-119 

.172 


Mineral wool, board 

15.7 

90 

.322 



15.7 

60 

.308 



15.7 

30 

.294 



15.7 

0 

.281 



15.7 

-30 

.268 



15.7 

-60 

.254 


Mineral board .99 in. thick wool 

14.3 

-21 

.208 



14.3 

-112 

.189 


Vermiculite board 

18.9 

90 

.927 



18.9 

60 

.908 



18.9 

30 

.889 



18.9 

0 

.870 



18.9 

— 30 

.852 



’8.9 

-60 

.833 


Wood fiber board ^ in. thick, 24.1% moisture 

15.7 

90 

.424 



15.7 

60 

.408 



15.7 

30 

.392 



15.7 

0 

.376 



15.7 

-30 

.358 



15..'' 

-60 

.343 


Wood fiber board | in. thick, 3.1% moisture 

15.7 

90 

.356 



15.7 

60 

.343 



15.7 

30 

.331 



15.7 

0 

.319 



15.7 

-30 

.306 



15.7 

-60 

.294 


Wood fiber board } in. thick, 0.0% moisture 

15.7 

90 

.348 



15.7 

60 

.335 



15.7 

30 

.323 



15.7 

0 

.310 



15.7 

-30 

.298 



15.7 

-60 

.285 

SLAB IN¬ 

Corkboard (no added binder) 

14.0 

90 

.34 

SULATIONS 


10.6 

90 

.30 



7.0 

90 

.27 



5.4 

90 

.25 


Corkboard 

8.7 

— 

.29 


Corkboard (oven dry) 

IZ.Z 

90 

.309 



12.Z 

60 

.300 



12.Z 

30 

.292 



IZ.Z 

0 

.282 



12.Z 

-30 

.273 



IZ.Z 

-60 

.264 



8.0 

90 

.276 



8.0 

60 

.267 



8.0 

30 

.258 



8.0 

0 

.249 



8.0 

-30 

.240 



8.0 

— 60 

.231 



6.5 

90 

.277 



6.5 

60 

.266 



6.5 

30 

.255 



6.5 

0 

.244 



6.5 

-30 

.233 



6.5 

-60 

.222 
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Table 4. Insulating Materials (Continued) 


Material 

Description 

Density 
Ib/cu ft 

Mean 

temp 

F 

Conductivity or 
conductance 

k OT C 

SLAB IN- 

Corkboard asphaltic binder 

14.5 

90 

.32 

SULATIONS 

Chemically treated hog hair with film of as- 

10.0 

75 

.28 


phalt 





Sugar cane fiber insulating blocks encased in 

13.B 

70 

.30 


asphalt membrane 





Made from B5% magnesia and 15% asbestos 

19.3 

86 

.51 


Made from shredded wood A cement 

24.2 

72 

.46 



29.B 


.77 

BUILDING 

Compressed cement A asbestos sheets 

123 

86 

2.70 

BOARDS 

Corrugated asbestos board 

20.4 

110 

0.48 

(Non- 

Lignin-impregnated cellulose fiber board 

85.5 

90 

1 .B4 

insulating) 

in. thick 

85.5 

60 

l.Bl 



85.5 

30 

1.77 



B5.5 

0 

1.74 



85.5 

-30 

1.71 



B5.5 

-60 

1.67 


Pressed asbestos mill board 

60.5 

86 

.84 


Gypsum board—gypsum between paper 

62.8 

70 

1.41 


§-in. gypsum board 



3.73 


^-in. gypsum board 



2.B2 


|-in. gypsum board 

53.5 

90 

2.60 

CLAY TILE, 

2-in. tile, ^-in. plaster both sides 

120.0 

110 

1.00 

HOLLOW 

4-in. tile, |-in. plaster both sides 

127.0 

100 

.60 


6-in. tile, f-in. plaster both sides 

124.3 

105 

.47 


B-in. tile, average of B types 



.52 


12-in. clay tile wall 





8X5X12 





4X5X12 



.26 

CONCRETE 

Sand A gravel aggregate, various ages and 



11.35 


mixes 



to 





16.36 


Sand A gravel aggregate 

142 

75 

12.6 


Limestone aggregate 

132 

75 

10.8 


Cinder aggregate 

97 

75 

4.9 


Steam treated limestone slag aggregate 

74.6 

75 

2.27 


Pumice aggregate 

65.0 

75 

2.42 


Expanded burned clay aggregate 

59.9 

75 

2.28 


Burned clay aggregate 

67.1 

75 

2.86 


Blast furnace slag aggregate 

76.0 

70 

1.6 


Expanded vermiculite aggregate 

20 

90 

.68 



26.7 

90 

.76 



35 

90 

.86 



50 

90 

l.IO 


Concrete plank 

76 

75 

2.5 


Cellular concrete 

40.0 

75 

1.06 



50 

75 

1.44 



60 

75 

1.80 



70 

75 

2.18 

CONCRETE 

B-in. three oval core sand A gravel aggregate 

126.4 

40 

.90 

BLOCKS 

B-in. three oval core crushed limestone 

134.3 

40 

.86 

B-in. concrete 

B-ln. three oval core burned clay aggregate 

67.7 

40 

.50 

blocks 

B-in. three oval core cinder aggregate 

B6.2 

40 

.58 

8XBX16 

B-in. three oval core expanded blast furnace 


40 

.49 

3 oval 

aggregate 

i 











12. PROPERTIES OF MATERIALS 


251 


Table 4. Insulating Materials (Continued) 


Material 

1 

Description 

1 

Density 
Ib/cu ft 

1 

Mean 

temp 

F 

Conductivity or 
conductance 

a 

N 

n 

12-in. con- 

12-in. three oval core sand & gravel aggregate 

124.9 

40 

.78 

Crete 

l2-in. three oval core cinder aggregate 

86.2 

40 

.53 

blocks 

12-in. three oval core burned clay 

76.7 

40 

.47 

8X12X16 





3 oval 





FRAME CON- 

1-in. fir sheathing and building paper 


30 

.86 

STkUC- 

1-in. fir sheathing building paper and yellow 


20 

.50 

TION 

pine siding 




COMBINA- 

1-in. fir sheathing building paper and stucco 


20 

.82 

TIONS 

Pine lap siding and building paper, siding 4 in. 


16 

.85 


wide 





Yellow pine lap siding 



1.28 

QYPSUM 

3-in. solid gypsum partitioned tile 



2.41 


3-in. three cell gypsum partitioned tile 



.74 


4-in. three cell gypsum partitioned tile 



.60 


87-i%, gypsum, 12|% wood chips 

51.2 

74 

1.66 


Gypsum plaster 



3.30 

MASONRY 

Damp or wet 



5.0 

MATERIALS 

Common yellow clay brick 



4.8 

BRICK 

One tier yellow common clay brick, one-tier 



.77 


face brick, approx. 8 in. thick 




PLASTERING 

Gypsum plaster ^ in. thick 


73 

8.8 

MATERIALS 

Cement plaster 



12.00 


Wood lath & plaster, total thickness j in. 


70 

2.50 


Gypsum plaster and expanded vermiculite, 

39.9 

75 

.85 


4 to 1 mix 





Insulating plaster O.Q in. thick applied to 

54.0 

75 

1.07 


gypsum board 




ROOFING 

Asbestos shingles 

65.0 

75 

6.0 


A.sphalt composition or prepared 

70 

75 

6.5 


Asphalt shingles 

70 

75 

6.5 


Built up roofing, bitumen or felt, gravel or 



1.33 


slag surfaced 





Slate 



10.0 


Wood shingles 



1.28 

WOODS 

Balsa 

20.0 

90 

.58 



8.8 

90 

.38 



7.3 

90 

.33 


California redwood, 0% moisture 

ZB.O 

75 

.70 


Cypress 

28.7 

86 

.67 


Douglas fir, 0% moisture 

34 

75 

.67 


Eastern hemlock, 0% moisture 

30 

75 

.76 


Fir plywood, | in. thick 

33.2 

90 

.813 



33.2 

60 

.791 



33.2 

30 

.768 



33.2 

0 

.745 



33.2 

-30 

.723 



33.2 

— 60 

.702 


Fir plywood, four J in. thick, 17.3% moisture 

31.9 

90 

.896 



31.9 

60 

.873 



31.9 

30 

.847 



31.9 

0 

.823 
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Table 4. Insulating Materials (Concluded) 


MBterial 

Description 

Density 
lb/cu ft 

Mean 

temp 

F 

Conductivity or 
conductance 

k ot c 

WOODS 


31.P 

— 30 

.800 



31.P 

— 60 

.776 


Fir plywood, four | in. thick, 2.5% moisture 

31.P 

PO 

.735 



31.P 

60 

.714 



31.P 

30 

.6P3 



31.P 

0 

.672 



31.P 

-30 

.650 



31.P 

-60 

.62P 


Fir plywood, four 1 in. thick, 0% moisture 

31.P 

PO 

.707 



31.P 

60 

.683 



31.P 

30 

.659 



31.P 

0 

.636 



31.P 

-30 

.612 



31.P 

-60 

.5BP 


Long leaf yellow pine, 0% moisture 

40 

75 

.86 


Mahogany 

34.3 

86 

.PO 


Hard mapie, 0% moisture 

46.0 

75 

1.05 


Maple 

44.3 

86 

1.10 


Maple crossgrain 

40.0 

75 

1.20 


Norway pine, 0% moisture 

32.0 

75 

.74 


Pine 1 i in. thick 

24.1 

PO 

.707 



24.1 

60 

.689 



14.1 

30 

.670 



24.1 

0 

.651 



24.1 

— 30 

.633 



24.1 

-60 

.614 


Fed cypress, 0% moisture 

32.0 

75 

.77 


Short leaf yellow pine, 0% moisture 

36.0 

75 

.91 


Soft elm, 0% moisture 

34.0 

75 

.88 


Soft maple, 0% moisture 

42.0 

75 

.95 


Sugar pine, 0% moisture 

28.0 

75 

.64 


Virginia pine 

34.3 

86 

.96 


West coast hemlock, 0% moisture 

30.D 

75 

.79 


White pine 

31.2 

86 

.78 


Yellow pine 



1.00 


Sawdust various 

12.0 

PO 

.41 


Shavings from planer 

8.8 

PO 

.41 


Shavings from maple, beech & birch 

13.2 

PO 

.36 


Air space-bounded by ordinary materials 1 in. 


PO 

1.18 


thick 


60 

1.07 




30 

.98 




0 

.89 




-30 

.82 




— 60 

.74 


Air space—bounded warm side by aluminum 


PO 

.64 


paint 1 in. thick 


60 

.62 




30 

.59 




0 

.57 




— 30 

.55 




-60 

.53 


. Air space—bounded warm side by aluminum 


PO 

.47 


foil 1 in. thick 


60 

.46 




30 

.46 




0 

.45 




-30 

.45 




— 60 

.45 
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Table 5, Food Products Data 


Name 

Average 

freezing 

point 

F 

% 

water 

Sp ht, Btu/lb F 

Latent 
heat of 
fusion 
Btu/lb 

Heat of 
respiration 
Btu/24 hr 
ton F 

Above 

freezing 

Below 

freezing 

VEGETABLES 





i 



Artichokes 

29.1 

83.7 

.87 

.45 

120 

40 

10,140 

Asparagus 

29.8 

93 

.94 

.48 

134 

40 

11,500 

Beans, string 

29.7 

88.9 

.91 

.47 

128 

32 

4,740 







40 

6,740 

Beans, Lima 

30.1 

66.5 

.73 

.40 

94 



Beans, dried 


12.5 

.30 

.24 

18 



Beets 

31.1 

90 

.86 

.47 

129 

32 

1,166 







40 

1,820 

Broccoli 

29.2 

89.9 

.92 

.47 

130 



Brussels sprouts 

31 

84.9 

.88 

.46 

122 



Cabbage 

31.2 

92.4 

.94 

.47 

132 



Carrots 

2916 

88.2 

.86 

.45 

126 

32 

2,130 







40 

3,470 

Cauliflower 

30.1 

91.7 

.93 

.47 

132 



Celery 

29.7 

93.7 

,95 

.4? 

135 

32 

2,820 







40 

4,540 

Corn (green) 

28.9 

75.5 

.80 

.43 

108 

32 

5,890 







40 

8, 190 

Corn (dried) 


10.5 

.28 

.23 

15 



Cucumbers 

30.5 

96.1 

.97 

.49 

137 



Eggplant 

30.4 

92.7 

.94 

.47 

132 



Endive (escarole) 

30.9 

93.3 

.94 

.48 

132 



Lettuce 

31.2 

94.8 

.96 

.48 

136 

32 

638 







40 

7,392 

Mushrooms 

30.2 

91.1 

.93 

.47 

130 

32 

6,160 







50 

22,000 

Onions 

30. 1 

87.5 

.91 

.46 

124 

32 

880 







50 

1,870 

Parsnips 

28.9 

78.6 

.84 

.46 

112 



Peas (green) 

30 

74.3 

.79 

.42 

106 



Peas (dried) 


9.5 

.28 

.22 

14 



Peppers (sweet) 

30.1 

92.4 

.94 

.47 


40 

1,518 

Potatoes (white) 

28.9 

77.8 

.82 

.43 

111 

32 

660 







40 

1,430 

Potatoes (sweet) 

28.5 

68.5 

.75 

.40 

97 

40 

1,710 

Pumpkin 

30. 1 

90.5 

.92 

.47 

130 



Radishes 


93.6 

.95 

.48 

134 



Rhubarb 

28.4 

94.9 

.96 

.48 

134 



Sauerkraut 

26 

89 

.92 

.47 

129 



Spinach 

30.3 

92.7 

.94 

.48 

132 



Squash 

30.1 

90.5 

.92 

.47 

130 



Tomatoes (green) 

30.4 

94.7 

.95 

.48 

134 

60 

6,230 

Tomatoes (ripening) 

30.4 

94.1 

.95 

.48 

134 

40 

1,260 

Turnips 

30.5 

90.9 

.93 

.40 

137 

32 

66 







40 

572 

Vegetables (mixed) 

30 

90 

.90 

.45 

130 



MEATS & FISH 








Bacon 


20 

.50 

.30 

29 

28 

2,400 







40 

5,000 

Beef (dried) 


5 15 

.22 .34 

.19-.26 

7-22 

36 

186 







45 

280 

Beef (fresh-lean) 

29 

68 

.77 

.40 

100 

30 

3,400 







35 

10,000 

Beef (fresh-fat) 

28 


j .60 

.35 

79 



Brined Meats 






31 

1,540 




1 .75 



40 

1,940 
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Table 5. Food Products Data (Continued) 


Name 

Average 

freezing 

point 

F 

% 

water 

Sp ht, Btu/lb F 

Latent 
heat of 
fusion, 
Btu/lb 

Heat of 
respiration, 
Btu/24 hr 
ton F 

Above 

freezing 

Below 

freezing 

Cut msats 

29 

65 

.72 

.40 

95 

34 

11,200 

Fish (frozen) 

2B 

70 

.76 

.41 

101 

5 

200 







15 

2,040 

Fish (iced) 


70 

.76 

.41 

101 

30 

840 







34 

1,140 

Fish (dried) 



.56 

.34 

65 



Hems ft loins 

27 

60 

.68 

.38 

86.5 

28 

3,500 



58 




34 

6,800 

Lsmb 

29 


.67 

.30 

83.5 

34 

6,720 



65.5 




28 

2,500 

Livers 

29 


.72 

.40 

93.3 

28 

7,200 



80.4 




20 

1,506 

Oysters (shell) 

27 


.83 

.44 

116 

35 

8,300 



87 




32 

1,020 

Oysters (tub) 

27 


.90 

.46 

125 

35 

4,500 



60 




32 

440 

Pork (fresh) 

2B 

57 

.68 

.38 

86.5 

34 

6,800 

Pork (smoked) 


74 

.60 

.32 


55 

2,500 

Poultry (fresh) 

27 

74 

.79 ; 

.37 

106 

28 

6,880 

Poultry (frozen) 

27 


.79 i 

.37 

106 

15 

2,480 








480 

SsuESKe (casings) 


65.5 

.60 





SauBsge (drying) 

26 

60 1 

! .89 

.56 

93 



Sausage (franks) 

29 

65 I 

i .86 

.56 

86 

45 

8,600 

Sausage (fresh) 

26 

60 

.89 

.56 

93 

35 

8,600 

Sausage (smoked) 

25 

63 

.86 

1 .56 

86 

45 

6,440 

Veal 

29 


.71 

.39 

91 

34 

7,010 







28 

2,500 

MISCELLANEOUS 


.92 






Beer (wood kegs) 

28 

.92 

1.0 





Beer (steel kegs) 

28 

15 

1.0 





Butter 

3U-0 


.64 

.34 

15 

45 

3,960 







35 

3,640 

Caviar (tub) 

20 

55 




40 

3,820 

Cheese (American) 

17 

60 

.64 

.36 

79 

40 

4,680 

Cheese (Camembert) 

18 

60 

.70 

.40 

86 

40 

4,920 

Cheese (Limburger) 

19 

55 

.70 

.40 

86 

40 

4,920 

Cheese (Roquefort) 

3 

55 

.65 

.32 

79 

45 

4,000 

Cheese (Swiss) 

15 

.5 

.64 

.36 

79 

40 

4,660 

Chocolate (coating) 

95-85 

55 

.30 

.55 

40 



Cream (40%) 

28 

73 

.85 

.40 

90 



Eggs (crated) 

27 


.76 

.40 

100 

40 

7,010 

Eggs (frozen) 

27 



.41 

100 



Flowers (cut) 

32 






480/FloDr 

Furs—Woolens 


18 


.40 




Honey 



.35 

.26 

26 

40 

1,420 

Hops 






35 

1,500 

Ice cream 

27-0 

10 

.78 

.45 

96 



Lard 



.52 



45 

3,960 

Malt 


5 




50 

1,500 

Maple sugar 


36 

.24 

.21 

7 

45 

1,420 

Maple syrup 


87.5 

.49 

.31 

52 

45 

1,420 

Milk 

31 

3 10 

.93 

.49 

124 



Nuts (dried) 



.21-.29 

.19-.24 

4.3-14 

35 

1,000 

Oleomargarine 



.48 



45 

3,960 

Tobacco ft cigars 

25 







Candy 



.93 





Flour 


13.5 

.38 

.28 
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Table 5. Food Products Data (Concluded) 


Name 

Average 

freezing 

point 

F 

% 

water 

Sp ht, Btu/lb F 

Latent 
heat of 
fusion 
Btu/lb 

Heat of 
respiration, 
Btu/24 hr 
ton F 

Above 

freezing 

Below 

freezing 

fruits 








Apples 

28.4 

84.1 

.86 

.45 

121 

32 

830 







40 

1,435 

Apricots 

28.1 

85.4 

.88 

.46 

122 



Avocadoes 

27.2 

94 

.91 

.49 

136 

67 

8,360 

Bananas 

28 

74.8 

.80 

.42 

108 



Blackberries 

28.9 

85.3 

.88 

.46 

122 



Cantaloupes 

29 

92.7 

. 94 

.48 

132 

40 

3,470 







60 

8,080 

Cherries 

26 

83 

.87 

.45 

120 



Cranberries 

27.3 

87.4 

.90 

.46 

124 



Currants 

30.2 

84.7 

.88 

.45 

120 



Dates (dry—cured) 

-4.1 

20 

.36 

.26 

29 



Dates (dry—non-cured) 

-4.1 

20 

.36 

.26 

29 



Dates (fresh) 

27.1 

78 

.82 

.43 

112 



Figs (fresh) 

27.1 

78 

.82 

.4^ 

112 



Figs (dried) 


24 

.39 

.27 

34 



Gooseberries 

28.0 

88.3 

.90 

.46 

126 



Grapefruit 

28.4 

88.8 

.91 

.46 

126 

32 

460 







40 

1,070 

Grapes 

26.3 

81.7 

.86 

.44 

116 

35 

830 

Honey Dew Melon 

20 

92.6 

.94 

.48 

132 



Lemons 

28.1 

i 89.3 

.92 

.46 

127 

40 

BID 



! 




60 

2,970 

Limes 

29 

86 

.89 

.46 

122 

40 

810 



1 




60 

2,970 

Mangoes 

32 

93 

.90 

.46 

134 



Oranges 

28 

87.2 

.90 

.46 

124 

32 

795 







4D 

1,400 

Peaches 

IN 

86.9 

.90 

.46 

124 

32 

1,110 




! 



40 

1,735 

Pears 

28.5 

83.5 

.86 

.45 

118 

32 

770 

Persimmons 

28.3 

i 78.2 

.84 

.43 

112 



Pineapples 

29.4 

1 85.3 

.88 

.45 

122 



Plums 

28 

i 85.7 

.88 

.45 

123 



Pomegranates 

28 

i 77 

.87 

.48 

112 



Prunes (fresh) 

28 

i 85.7 

.88 

.45 

123 



Quinces 

28.1 

85.3 

.88 

.45 

122 



Raspberries 

30.1 

1 82 

.85 

.45 

122 

36 

5,500 



1 




60 

16,500 

Strawberries 

29.9 

90 

. 92 

.47 

129 

32 

3,265 



i 




40 

5,865 

Watermelons 

29.2 

92.1 

.97 

1 .48 

132 




Table 6. Properties of Ice* 


Temp 

F 

Sp vol 
cu ft per lb 

- 

Density 

Enthalpy of 
fusion 

Btu per lb 

lb per cu ft 

lb per gallon 

32 

0.01747 


57.24 

7.65 

143.35 

20 

0.01747 


57.24 

7.65 


0 

0.01742 


57.40 

7.67 


-20 

0.01739 


57.50 

7.69 



Sp ht of ice 

32 F to 

20 F range, 0.496 Btu per lb F 




20 F to 

0 F range, 0.481 Btu per lb F 




0 F to 

— 40 F range, 0.452 Btu per lb F 



— 

40 F to 

— 80 F range, 0.414 Btu per lb F 



FreparfMl by D. PI. JeniiinijB. 
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Table 7. Permeability of VoriouB Materials to Water Vapor 
(Units—Grains per sq ft per day per mm of Hg) 


InvcBtigHtor and permeability 


Item 

Nq. 


Material 


ThlckneBBp Babbitt 

in. (dry MiBcellaneouB 

method) 


J-M Research 
Laboratories 
Humid Dry 
method method 


PAPER AND FELTS 


1 

Kraft paper, 1 eheet 

D.00394 

74.3 




2 

Kraft paper, 2 sheets in seiies 


47.2 




3 

Kraft paper, 3 sheets in seiies 


35.4 




4 

Kraft paper, 4 sheets in series 


28.1 




5 

Kraft paper, 5 sheets in Beries 


26.4 




6 

Uncoated kraft (aboilt 30-lb) 




130 


7 

Rosin sized sheathing paper (30—40 lb) 




91 


H 

Asphalt saturated rag felts (15-20 lb) 


0.4 ^0 


4.0 -30 


9 

Asphalt saturated and coated kraft papers 


0.45 

0.17- 2.BT 

0.0 - 3.0 


10 

Asphalt saturated asbestos felt 

0.03-0.04 



1.0 - 5.0 


11 

Asphalt saturated and coated asbestoB felt, 2D-lb 

0.03-0.04 

0.14 


1.0 - 2.0 


12 

Tarred slaters felt 

0.03-0.04 

4-10 

5.2 -25.OT 

40-45 


13 

35-lb specification cold application asbestoa felt 

0.052 



0.0 


14 

No. 50 asbestos waterproofing felt 

0.051 



0.9 


15 

asph sat. rfg felt (30 -Id) 1 sheet 

0.062 



5.1 

1.7 

6 

asph sat. rfg felt (30-lb) 2 sheets in series 




2.5 

1.1 

17 

asph sat. rfg felt (30-lb) 3 sheets In series 




1.4 

0.87 

IB 

Duplex papers 


0.3 - 1.5 

0.57- 2.5T 

0.2 - 6.0 


19 

Waxed papers 


D.l - 4.5 




20 

Heavy roofing sheets 


0.03- 1.4 

0.13- 0.17T 

0.03- 1.0 



MISCELLANEOUS MATERIALS 






21 

Wood 

0.5 

1.74- 2.02 




22 

Wood 

1.0 

l.DB- 1.25 




23 

Insulating board 

0.5 

36.4 




24 

Insulating board 

1.0 

20.6 




25 

Insulating board, Plain 

25/32 


26.0-35.OT 

30.0 


26 

Insulating board, Sealed or Coated 

25/32 


3.1 - 4.3T 

0.20-10.0 


27 

Rock Cork 

0.523 



5.6 

2.8 

28 

Rock Cork 

0.984 



4.2 

2.3 

29 

Rock Cork 

2.001 



2.7 

1.9 

3D 

Pure corkboard (insulating) 

1.0 


6.2T 

9.0 


31 

Plaster on metal lath 

0.5 


15.ZR 



32 

Plaster on metal lath 

0.75 


12. BR 



33 

Plaster on wood lath 

0.5 


6.4R,3.6-3.9T 



34 

Plaster ^-in. on f-In. gypsum board 



10.7R 



35 

Plaster j-in. on l-in. wood fiber board 



15.5R 



36 

Stucco 

1.0 



2.0 


37 

Marinite 

0.625 



7.5 


38 

Transit e 

0.25 



6.0 


39 

Flexboard 

0.125 



15.5 

5.5 

40 

H-in. Concrete (1:2:4 Mix) 




2.7 


41 

Concrete 

1.5 


15.7B 



42 

Brick wall section—with mortar 

4.0 


7.5B 



43 

Tile wall section—with mortar 

4.0 


1.2B 




COMBINATIONS 






44 

1-in. Zeroseal on ^-in. J-M Rock Cork 




0.16- 0.21 


45 

l-in. Zerokote on t-in. J-M Rock Cork 




2.4 


46 

)-in. Portland cement mortar (1:3 Mix) on 1-ln. J-M Rock Cork 


17.6 


47 

j-in. Rock Cork dipped in asphalt, then applied to 15-lb roofing felt 





nailed to wood sheathing 




0.51- 0.75 


48 

i-ln. Hock Cork dipped in hot asphalt, then applied to l|-ln. 

con- 





Crete— concrete primer 




0.24 


49 

J-in. Rock Cork dipped in hot asphalt, then applied to Vaporseal 





paper nailed to wood aheathlng 




0.00 



JVrite; Under MiecQUaneDUB: B denotea Barre—LempBraturs gradient method; R denoteB Rowley—temperature gra¬ 
dient method; T denotes Teeadale—humid method. 
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Table 1. Natural Trigonometric Functions 


Sines 


10 ' 


20 ' 


30' 


40 ' 


50' 


GO' 


Degrees 


0 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 


Sines 


o' 


0.00000 
0.01745 
0.03490 
0.05234 
0.06976 

0.08716 

0.10453 

0.121B7 

0.13917 

0.15643 

0.17365 

0.19081 

0.20791 

0.22495 

0.24192 

0.25882 

0.27564 

0.29237 

0.30902 

0.32557 

0.34202 

0.35837 

0.37461 

0.39073 

0.40674 

0.42262 

0.43837 

0.45399 

0.46947 

0.48481 

0.50000 

0.51504 

0.52992 

0.54464 

0.55919 

0.57358 

0.58779 

0.60182 

0.61566 

0.62932 

0.64279 

0.65606 

0.66913 

0.68200 

0.69466 


60' 


0.00291 

0.02036 

0.03781 

0.05524 

0.07266 

0.09005 
0.10742 
0.12476 
0.14205 
0.15931 

0.17651 

0.19366 

0.21076 

0.22778 

0.24474 

0.26163 

0.27843 

0.29515 

0.31178 

0.32832 

0.34475 

0.36108 

0.37730 

0.39341 

0.40939 

0.42525 

0.44098 

0.45658 

0.47204 

0.48735 

0.50252 

0.51753 

0.53238 

0.54708 

0.56160 

0.57596 

0.59014 

0.60414 

0.61795 

0.63158 

0.64501 

0.65825 

0.67129 

0.68412 

0.69675 


0.00582 
0.02327 
0.04071 
0.05814 
0.07556 

0.09295 

0.11031 

0.12764 

0.14493 

0.16218 

0.17937 

0.19652 

0.21360 

0.23062 

0.24756 

0.26443 

0.28123 

0.29793 

0.31454 

0.33106 

0.34748 

0.36370 

0.37999 

0.39608 

0.41204 

0.42788 

0.44359 

0.45917 

0.47460 

0.48989 

0.50503 

0.52002 

0.53484 

0.54951 

0.56401 

0.57833 

0.59248 

0.60645 

0.62024 

0.63383 

0.64723 
0.66044 
0.67344 
0.68624 
0.69883 


0.00873 

0.02618 

0.04362 

0.06105 

0.07846 

0.09585 

0.11320 

0.13053 

0.14781 

0.16505 

0.18224 

0.19937 

0.21644 

0.23345 

0.25038 

0.26724 ! 
0.28402 I 
0.30071 
0.31730 
0.33381 

0.35021 
0.36650 
D. 38268 
0.39875 
0.41469 

0.43051 
0.44620 
0.46175 
0.47716 
0.49242 I 

0.50754 

0.52250 

0.53730 

0.55194 

0.56641 

0.58070 
0.59482 
0.60876 
0.62251 
0.63608 

0.64945 

0.66262 

0.67559 

0.6BB35 

0.70091 


Cosines 


0.01164 

0.02908 

0.04653 

0.06395 

0.08136 

0.09874 

0.11609 

0.13341 

0.15069 

0.16792 

0.18509 

0.20222 

0.21928 

0.23627 

0.25320 

0.27004 

0.28680 

0.30348 

0.32006 

0.33655 

0.35293 

0.36921 

0.38537 

0.40142 

0.41734 

0.43313 

0.44880 

0.46433 

0.47971 

0.49495 

0.51004 

0.52498 

0.53975 

0.55436 

0.56880 

0.58307 

0.59716 

0.61107 

0.62479 

0.63832 

0.65166 

0.66480 

0.67773 

0.69046 

0.70298 


20 ' 


0.01454 
0.03199 
0.04943 
0.06685 
0.08426 

D.10164 
0.11898 
0.13629 
0.15356 
0.17078 

0.18795 
0.20507 
0.22212 
0 23910 
0.25601 

0.27284 

0.28959 

0.30625 

0.32282 

0.33929 

0.35565 

0.37191 

0.38805 

0.40408 

0.41998 

0.43575 

0.45140 

0.46690 

0.48226 

0.49748 

0.51254 

0.52745 

0.54220 

0.55678 

0.57119 

0.58543 

0.59949 

0.61337 

0.62706 

0.64056 

0.65386 

0.66697 

0.67987 

0.69256 

0.70505 


10 ' 


0.01745 

0.03490 

0.05234 

0.06976 

0.08716 

0.10453 
0.12187 
0. 13917 
0.15643 
0.17365 

0.190BI 

0.20791 

.22495 

.24192 

0.25882 

0.27564 

0.29237 

0.30902 

0.32557 

0.34202 

0.35837 

0.37461 

0.39073 

0.40674 

0.42262 

0.43837 

0.45399 

0.46947 

0.48481 

0.50000 

0.51504 

0.52992 

0.54464 

0.55919 

0.57358 

0.58779 

0.60182 

0.61566 

0.62932 

0.64279 

0.65606 
0.66913 
0.68200 
0.69466 
0.70711 


0 ' 


50' I 40' I 30' 


Cosines 


89 

88 

87 

86 

85 

84 

83 

82 

81 

80 

79 

78 

77 

76 

75 

74 

73 

72 

71 

70 

69 

68 

67 

66 

65 

64 

63 

62 

61 

60 

59 

58 

57 

56 

55 

54 

53 

52 

51 

50 

49 

48 

47 

46 

45 


I Degrees 


1257 ] 
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PART II. TABLES 


Table 1. Natural Trigonometric Functions (Continued) 


DesreeB 




Cosines 




Sines 

0' 

lo' 1 

20' 

1 30' 

40' 

50' 

60' 



0 

1.00000 

1.00000 

0.9999B 

0.99996 

0.99993 

0.99989 

0.99985 

89 

1 

0.999B5 

0.99979 

0.99973 

0.99966 

0.99958 

0.99949 

0.99939 

BB 

2 

0.99939 

0.99929 

0.99917 

0.99905 

0.99892 

0.99B7B 

0.99863 

87 

3 

0.99B63 

0.99B47 

0.99B31 

0.99B13 

0.99795 

0.99776 

0.99756 

B6 

4 

0.99756 

0.99736 

0.99714 

0.99692 

0.9966B 

0.99644 

0.99619 

85 

5 

0.99619 

0.99594 

0.99567 

0.99540 

0.99511 

0.994B2 

0.99452 

84 

6 

0.99452 

0.99421 

0.99390 

0.99357 

0.99324 

0.99290 

0.99255 

83 

7 

0.99255 

0.99219 

0.991B2 

0.99144 

0.99106 

0.99067 

0.99027 

82 

B 

0.99027 

0.9B9B6 

0.9B944 

0.9B902 

0.9Ba5B 

0.9BB14 

0.98769 

81 

9 

0.9B769 

0.9B723 

0.9B676 

0.9B629 

0.9B5B0 

0.98531 

0.9B4B1 

80 

10 

0.9B4Bi 

0.9B430 

0.9B37B 

0.9B325 

0.9B272 1 

0.9B21B 

0.98163 

79 

11 

0.9B163 

0.9B107 

0.9B050 

0.97992 

0.97934 1 

0.97875 

0.97815 

78 

12 

0.97B15 

0.97754 

0.97692 

0.97630 

0.97566 i 

0.97502 

0.97437 

77 

13 

0.97437 

0.97371 

0.97304 

0.97237 

0.97169 

0.97100 

0.97030 

76 

14 

0.97030 

0.96959 

0.96BB7 

0.96B15 

0.96742 

0.96667 

0.96593 

75 

15 

0.96593 

0.96517 

0.96440 

0.96363 

0.962B5 

0.96206 

0.96126 

74 

16 

0.96126 

0.9604B 

0.95964 

0.95BB2 

0.95799 

0.95715 

0.95630 

73 

17 

0.95630 

0.95545 

0.95459 

0.95372 

0.952B4 

0.95195 

0.95106 

72 

IB 

0.95106 

0.95015 

0.94924 

0.94B32 

0.94740 

0.94646 

0.94552 

71 

19 

0.94552 

0.94457 

0.94361 

0.94264 

0.94167 

0.94068 

0.93969 

70 

20 

0.93969 

0.93B69 

0.93769 

0.93667 

0.93565 

0.93462 

0.93358 

69 

21 

0.9335B 

0.93253 

0.93148 

0.93042 

0.92935 

0.92827 

0.9271B 

68 

22 

0.9271B 

0.92609 

0.92499 

0.923BB 

0.92276 

0.92164 

0.92050 

67 

23 

0.92050 

0.91936 

0.91B22 

0.91706 

0.91590 

0.91472 

0.91355 

66 

24 

0.91355 

0.91236 

0.91116 

0.90996 

0.90B75 

0.90753 

0.90631 

65 

25 

0.90631 

0.90507 

0.90383 

0.90259 

0.90133 

0.90007 

0.89879 

64 

26 

0.B9B79 

0.B9752 

0.B9623 

0.B9493 

0.B9363 

0.89232 

0.89101 

63 

27 

0.B9101 

0.BB96B 

0.8BB35 

0.8B701 

0.BB566 

0.88431 

0.88295 

62 

2B 

O.BB295 

0.BB155 

0.BB02O 

0.B7BB2 

0.B7743 

0.87603 

0.87462 

61 

29 

0.B7462 

0.B7321 

O.B717B 

D.B7035 

0.B6B9Z 

0.86748 

0.86603 

60 

30 

0.B6603 

0.B6457 

0.B6310 

0.B6163 

O.B6015 

0.85866 

0.85717 

59 

31 

O.B5717 

O.B5567 

0.B5416 

0.B5264 

0.B5112 

0.84959 

0.84805 

58 

32 

0.B4B05 

0.84650 

0.B4495 

0.B4339 

0.B41B2 

0.84025 

O.B3867 

57 

33 

0.B3B67 

0.B370B 

0.B3549 

0.B33B9 

0.B3228 

0.83066 

0.82904 

56 

34 

0.B2904 

0.B2741 

O.B2577 

0.B2413 

0.B224B 

0.B20B2 

0.B1915 

55 

35 

0.B1915 

0.B174B 

0.B15B0 

0.B1412 

0.B1242 

0.81072 

0.80902 

54 

36 

0.B0902 

0.B073D 

0.B055B 

0.B03B6 

0.80212 

0.80038 

0.79864 

S3 

37 

0.79B64 

0.796BB 

0.79512 

0.79335 

0.79158 

0.78980 

0.7BB01 

52 

3B 

0.7BB01 

0.7B622 

0.7B442 

0.7B261 

0.7B079 

0.77897 

0.77715 

51 

39 

0.77715 

0.77531 

0.77347 

0.77162 

0.76977 

0.76791 

0.76604 

50 

40 

0.76604 

0.76417 

0.76229 

0.76041 

0.75851 

0.75661 

0.75471 

49 

41 

0.75471 

0.75ZB0 

0.75088 

D.74B96 

0.74703 

0.74509 

0.74314 

4B 

42 

0.74314 

0.74120 

0.73924 

0.73728 

0.73531 

0.73333 

0.73135 

47 

43 

0.73135 

0.72937 

0.72737 

0.72537 

0.72337 

0.72136 

0.71934 

46 

44 

0.71934 

0.71732 

0.71529 

0.71325 

0.71121 

0.70916 

0.70711 

45 

CosineB 

60' 

50' 

40' 

30' 

20' 

10' 

0' 

Degrees 




Sines 
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Table 1. Natural Trigonometric Functions (Concluded) 


Degrees 




Tangents 




Co- 

0' 

10' 

20' 

30' 

40' 

50' 

60' 

tangents 

0 

0.00000 

0.00291 

0.00582 

0.00873 

0.01164 

0.01455 

0.01746 

89 

1 

0.01746 

0.02036 

0.02328 

0.02619 

0.02910 

0.03201 

0.03492 

88 

Z 

0.03492 

0.03783 

0.04075 

0.04366 

0.04658 

0.04949 

0.05241 

87 

3 

0.05241 

0.05533 

0.05824 

0.06116 

0.06408 

0.06700 

0.06993 

86 

4 

0.06993 

0.07285 

0.07578 

0.07870 

0.08163 

0.08456 

0.08749 

85 

5 

0.08749 

0.09042 

0.09335 

0.09629 

0.09923 

0.10216 

0.10510 

84 

6 

0.10510 

0.10805 

0.11099 

0.11394 

0.11688 

0.11983 

0.12278 

83 

7 

0.1227B 

0.12574 

0.12869 

0.13165 

0.13461 

0.13758 

0.14054 

82 

H 

0.14054 

0.14351 

0.14648 

0.14945 

0.15243 

0.15540 

0.15838 

81 

9 

0.15838 

0.16137 

0.16435 

0.16734 

0.17033 

0.17333 

0.17633 

80 

10 

0.17633 

0.17933 

0.18233 

0.18534 

0.18835 

0.19136 

0.19438 

79 

11 

0.19438 

0.19740 

0.20042 

0.20345 

0.20648 

0.20952 

0.21256 

78 

IZ 

0.21256 

0.21560 

0.21864 

0.22169 

0.22475 

0.22781 

0.23087 

77 

13 

0.23087 

0.23393 

0.23700 

0.24008 

0.24316 

0.24624 

0.24933 

76 

14 

0.24933 

0.25242 

0.25552 

0.25862 

0.26172 

0.26483 

0.26795 

75 

15 

0.26795 

0.27107 

0.27419 

0.27732 

0.28046 

0.28360 

0.28675 

74 

16 

0.28675 

0.28990 

0.29305 

0.29621 

0.29938 

0.30255 

0.30573 

73 

17 

0.30573 

0.30891 

0.31210 

0.31530 

0.31850 

0.32171 

0.32492 

72 

IB 

0.32492 

0.32814 

0.33136 

0.33460 

0.33783 

0.34108 

0.34433 

71 

19 

0.34433 

0.34758 

0.35085 

0.35412 

0.35740 

0.36068 

0.36397 

70 

20 

0.36397 

0.36727 

0.37057 

0.37388 

0.37720 

0.38053 

0.38386 

69 

21 

0.38386 

0.38721 

0.39055 

0.39391 

0.39727 

0.40065 

0.40403 

68 

22 

0.40403 

0.40741 

I 0.41081 ! 

0.41421 

0.41763 

0.42105 

0.42447 

67 

23 

0.42447 

0.42791 

! 0.43136 

0.43481 

0.43828 

0.44175 

0.44523 

66 

24 

0.44523 

0.44872 

0.45222 

0.45573 

0.45924 

0.46277 

0.46631 

65 

25 

0.46631 

0.46985 

1 

I 0.47341 

0.47698 

. 0.48055 

0.48414 

0.48773 

64 

26 

0.48773 

0.49134 

0.49495 

I 0.49858 

1 0.50222 

0.50587 

0.50953 

63 

27 

0.50953 

0.51320 

I 0.51688 

: 0.52057 

0.52427 

0.52798 

0.53171 

62 

2B 

0.53171 

0.53545 

; 0.53920 

0.54296 

0.54674 

0.55051 

0.55431 

61 

29 

0.55431 

0.55812 

i 0.56194 

0.56577 

0.56962 

0.57348 

; 0.57735 

1 

60 

30 

0.57735 

0.58124 

0.58513 

0.58905 

0.59297 

0.59691 

0.60086 

59 

31 

0.600B6 

0.60483 

0.60881 

0.61280 

0.61681 

0.62083 

0.62487 

58 

32 

0.62487 

0.62892 

1 0.63299 

0.63707 

; 0.64117 

0.64528 

0.64941 

57 

33 

0.64941 

0.65355 

1 0.65771 

0.66189 

1 0.66608 

0.67028 

0.67451 

56 

34 

0.67451 

0.67875 

1 0.68301 

1 0.68728 

0.69157 

0.69588 

0.70021 

55 

35 

0.70021 

0.70455 

0.70891 

0.71329 

0.71769 

0.72211 

0.72654 

54 

36 

0.72654 

0.73100 

; 0.73547 

0.73996 

0.74447 

0.74900 

0.75355 

53 

37 

0.75355 

0.75812 

0.76272 

0.76733 

0.77196 

0.77661 

0.78129 

52 

3B 

0.78129 

0.78598 

0.79070 

0.79544 

0.80020 

0.80498 

i 0.80978 

51 

39 

0.80978 

0.81461 

0.81946 

0.82434 

0.82923 

0.83415 

0.83910 

50 

40 

0.83910 

0.84407 

0.84906 

0.85408 

0.85912 

0.86419 

! 0.86929 

49 

41 

0.86929 

0.87441 

: 0.87955 

0.88473 

0.88992 

0.89515 

! 0.90040 

48 

42 

0.90040 

0.90569 

0.91099 

0.91633 

0.92170 

0.92709 

0.93252 

47 

43 

0.93252 

0.93797 

0.94345 

0.94896 

0.95451 

0.96008 

1 0.96569 

46 

44 

0.96569 

0.97133 

0.97700 

0.98270 

0.98843 

0.99420 

1 .ooooo 

45 

Tangents 

60' 

50' 

40' 

1 30' 

20' 

10' 

o' 

Degrees 




CDtangents 
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PART n. TABLES 


Table 2. Common Loguithms, Base of 10 


0000 0043 0086 012S 0170 

0414 0453 0492 0531 0569 

0792 0828 0864 0899 0934 

1139 1173 1206 1239 1271 

1461 1492 1523 1553 1584 

1761 1790 1818 1847 1875 

2041 2068 2095 2122 2148 

2304 2330 2355 2380 2405 

2553 2577 2601 2625 2648 

2788 2810 2833 2856 2878 

30J0 3032 3054 3075 3096 
3222 3243 3263 3284 3304 

3424 3444 3464 3483 3502 

3617 3636 3655 3674 3692 

3802 3820 3838 3856 3874 / 


5 6 7 8 9 . 

1 2 3456789 

0212 0253 0294 0334 0374 *4 8 12 17 21 25 29 33 37 

0607 0645 0682 0719 0755 4 B 11 15 19 23 26 30 34 

0969 1004 1038 1072 1106 3 7 10 14 17 21 24 28 31 

1303 1335 1367 1399 1430 3 6 10 13 16 19 23 26 29 

1614 1644 1673 1703 1732 3 6 9 12 15 18 21 24 27 


1903 1931 1959 1987 2014 *3 
2175 2201 2227 2253 2279 3 

2430 2455 2480 2504 2529 2 

2672 2695 2718 2742 2765 2 

2900 2923 2945 2967 2989 2 

3118 3139 3160 3181 3201 2 

3324 3345 3365 3385 3404 2 

3522 3541 3560 3579 3598 2 

3711 3729 3747 3766 3784 2 


7 10 14 17 21 24 28 31 
6 10 13 16 19 23 26 29 
6 9 12 15 18 21 24 27 

6 8 11 14 17 20 22 25 

5 8 11 13 16 18 21 24 

5 7 10 12 15 17 20 22 

5 7 9 12 14 16 19 21 

4 7 9 11 13 16 18 20 

4 6 8 11 13 15 17 19 

4 6 8 10 12 14 16 18 

4 6 8 10 12 14 15 17 

4 6 7 9 11 13 15 17 


3892 3909 3927 3945 3 962 2 4 5 7 911 12 14 16 


25 3979 3997 4014 4031 4048 

26 4150 4166 4183 4200 4216 

27 4314 4330 4346 4362 4378 

28 4472 4487 4502 4518 4533 

29 4624 4639 4654 4669 4683 


4065 4082 4099 4116 4133 2 3 

4232 4249 4265 4281 4298 2 3 

4393 4409 4425 4440 4456 2 3 

4548 4564 4579 4594 4609 2 3 

4698 4713 4728 4742 4757 1 3 


9 10 12 14 15 
8 10 11 13 15 
8 9 11 13 14 
8 9 11 12 14 
7 9 10 12 13 


4771 4786 4800 4814 4829 

4914 4928 4942 4955 4969 

5051 5065 5079 5092 5105 

5185 5198 5211 5224 5237 

5315 5328 5340 5353 5366 


1 3 4 6 7 9 10 11 13 

1 3 4 6 7 8 10 11 12 

1 3 4 5 7 8 9 11 12 

1 3 4 5 6 8 9 10 12 

1 3 4 5 6 8 9 10 11 


5441 5453 5465 5478 5490 

5563 5575 5587 5599 5611 

5682 5694 5705 5717 5729 

5798 5809 5821 5832 5843 

5911 5922 5933 5944 5955 


1 2 4 5 6 7 9 10 11 

1 2 4 5 6 7 8 10 11 

12356789 11 
12356789 ID 
12345789 ID 


40 6021 6031 6042 6053 6064 

41 6128 6138 6149 6160 6170 

42 6232 6243 6253 6263 6274 

43 6335 6345 6355 6365 6375 

44 6435 6444 6454 6464 6474 


12345689 10 
123456789 
123456789 
123456789 
1234 5 6789 


6532 6542 6551 6561 6571 

6628 6637 6646 6656 6665 

6721 6730 6739 6749 6758 

6812 6821 6830 6839 6848 

6902 6911 6920 6928 6937 


123.456789 

123456778 

123455678 

123445678 

123445678 


6990 6998 7007 7016 7024 

7076 7084 7093 7101 7110 

7160 7168 7177 7185 7193 

7243 7251 7259 7267 7275 

7324 7332 7340 7348 7356 


123345678 

123345678 

122345677 

122345667 

122345667 


123456789 


luttirpuUi(i>n in this sectiou of tbs table is inaccurate. 



13. MATHEMATICAL TABLES 


261 


Table 2. Common Logarithms (Concluded) 


N 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 

Proportional Parts 
2 3 4 5 6 7 

8 

9 

55 

7404 

7412 

7419 

7427 

7435 

7443 

7451 

7459 

7466 

7474 

1 

2 

2 

3 

4 

5 

5 

6 

7 

56 

74 B2 

7490 

7497 

7505 

7513 

7520 

7528 

7536 

7543 

7551 

1 

2 

2 

3 

4 

5 

5 

6 

7 

57 

7559 

7566 

7574 

7582 

7589 

7597 

7604 

7612 

7619 

7627 

1 

2 

2 

3 

4 

5 

5 

6 

7 

58 

7634 

7642 

7649 

7657 

7664 

7672 

7679 

7686 

7694 

7701 

1 

1 

2 

3 

4 

4 

5 

6 

7 

59 

7709 

7716 

7723 

7731 

7738 

7745 

7752 

7760 

7767 

7774 

1 

1 

2 

3 

4 

4 

5 

6 

7 

6D 

7782 

7789 

7796 

7803 

7B10 

7818 

7825 

7832 

7839 

7846 

1 

1 

2 

3 

4 

4 

5 

6 

5 

61 

7BS3 

7860 

7868 

7875 

7882 

7B89 

7896 

7903 

7910 

7917 

1 

1 

2 

3 

4 

4 

5 

6 

6 

62 

7924 

7931 

7938 

7945 

7952 

7959 

7966 

7973 

7980 

7987 

1 

1 

2 

3 

3 

4 

5 

6 

6 

63 

7993 

8000 

8007 

8014 

8021 

8028 

8035 

8041 

8048 

8055 

1 

1 

2 

3 

3 

4 

5 

5 

6 

64 

8062 

8069 

8075 

8082 

8089 

8096 

8102 

8109 

8116 

8122 

1 

1 

2 

3 

3 

4 

5 

5 

6 

65 

8129 

8136 

8142 

8149 

8156 

8162 

8169 

8176 

8182 

8189 

1 

1 

2 

3 

3 

4 

5 

5 

6 

66 

8195 

8202 

8209 

8215 

8222 

8228 

8235 

8241 

8248 

8254 

1 

1 

2 

J 

3 

4 

5 

5 

6 

67 

8261 

8267 

8274 

8280 

8287 

8293 

8299 

8306 

8312 

8319 

1 

1 

2 

3 

3 

4 

5 

5 

6 

6B 

8325 

8331 

8338 

8344 

8351 

8357 

8363 

8370 

8376 

8382 

1 

1 

2 

3 

3 

4 

4 

5 

6 

69 

8388 

8395 

8401 

8407 

B414 

8420 

8426 

8432 

8439 

3445 

1 

1 

2 

2 

3 

4 

4 

5 

6 

70 

8451 

8457 

8463 

8470 

8476 

8482 

8488 

8494 

8500 

8506 


1 

2 

2 

3 

4 

4 

5 

6 

71 

8513 

8519 

8525 

8531 

8537 

8543 

8549 

8555 

8561 

8567 


1 

2 

2 

3 

4 

4 

5 

5 

72 

8573 

8579 

8585 

8591 

8597 

8603 

8609 

8615 

8621 

8627 


1 

2 

2 

3 

4 

4 

5 

5 

73 

8633 

8639 

8645 

8651 

8657 

8663 

8669 

8675 

8681 

86Bf, 

1 

1 

2 

2 

3 

4 

4 

5 

5 

74 

8692 

8698 

8704 

8710 

8716 

B722 

8727 

8733 

8739 

8745 


1 

2 

2 

3 

4 

4 

5 

5 

75 

8751 

8756 

8762 

8768 

8774 

8779 

8785 

8791 

8797 

8802 

1 

1 

2 

2 

3 

3 

4 

5 

5 

76 

8808 

8814 

8820 

8825 

8831 

8837 

8842 

8848 

8854 

8859 

I 

1 

2 

2 

3 

3 

4 

5 

5 

77 

8865 

8871 

8876 

BBB2 

8887 

BB93 

8899 

8904 

8910 

8915 

1 

1 

2 

2 

3 

3 

4 

4 

5 

78 

8921 

8927 

8932 

8938 

8943 

8949 

8954 

8960 

BP65 

8971 

1 

1 

2 

2 

3 

3 

4 

4 

5 

79 

8976 

8982 

8987 

8993 

8998 

9004 

9009 

9015 

9020 

9025 

1 

1 

2 

2 

3 

3 

4 

4 

5 

80 

9031 

9036 

9042 

9047 

9053 

9058 

9063 

9069 

9074 

9079 

1 

1 

2 

2 

3 

3 

4 

4 

5 

81 

9085 

9090 

9096 

9101 

9106 

9112 

9117 

9122 

9128 

9133 

1 

1 

2 

2 

3 

3 

4 

4 

5 

82 

9138 

9143 

9149 

9154 

9159 

9165 

9170 

9175 

9180 

9186 

1 

1 

2 

2 

3 

3 

4 

4 

5 

83 

9191 

9196 

9201 

9206 

9212 

9217 

9222 

9227 

9232 

9238 ' 

1 

1 

2 

2 

3 

3 

4 

4 

5 

84 

9243 

9248 

9253 

9258 

9263 

9269 

9274 

9279 

9284 

9289 ; 

1 

1 

2 

2 

3 

3 

4 

4 

5 

85 

9294 

9299 

9304 

9309 

9315 

9320 

9325 

9330 

9335 

9340 

1 

1 

2 

2 

3 

3 

4 

4 

5 

86 

9345 

9350 

9355 

9360 

9365 

9370 

9375 

9380 

9385 

9390 

1 

1 

2 

2 

3 

3 

4 

4 

5 

87 

9395 

9400 

9405 

9410 

9415 

9420 

9425 

9430 

9435 

9440 

0 

1 

1 

2 

2 

3 

3 

4 

4 

88 

9445 

9450 

9455 

9460 

9465 

9469 

9474 

9479 

9484 

9489 

0 

1 

1 

2 

2 

3 

3 

4 

4 

89 

9494 

9499 

9504 

9509 

9513 

9518 

9523 

9528 

9533 

9538 

0 

1 

1 

2 

2 

3 

3 

4 

4 

90 

9542 

9547 

9552 

9557 

9562 

9566 

9571 

9576 

9581 

9586 

0 

1 

1 

2 

2 

3 

3 

4 

4 

Q1 

9590 

9595 

9600 

9605 

9609 

9614 

9619 

9624 

9628 

9633 

0 

1 

1 

2 

2 

3 

3 

4 

4 

92 

9638 

9643 

9647 

9652 

9657 

9661 

9666 

9671 

9675 

9680 

0 

1 

1 

2 

2 

3 

3 

4 

4 

93 

9685 

9689 

9694 

9699 

9703 

9708 

9713 

9717 

9722 

9727 

0 

1 

1 

2 

2 

3 

3 

4 

4 

94 

9731 

9736 

9741 

9745 

9750 

9754 

9759 

9763 

9768 

9773 

0 

1 

1 

2 

2 

3 

3 

4 

4 

95 

9777 

9782 

9786 

9791 

9795 

9800 

9805 

9809 

9814 

9818 

0 

1 

1 

2 

2 

3 

3 

4 

4 

96 

9823 

9827 

9832 

9836 

9841 

9845 

9850 

9854 

9859 

9863 

0 

1 

1 

2 

2 

3 

3 

4 

4 

97 

9868 

9872 

9877 

9881 

9886 

9890 

9894 

9899 

9903 

9908 

0 

1 

1 

2 

2 

3 

3 

4 

4 

9B 

9912 

9917 

9921 

9926 

9930 1 

9934 

9939 

9943 

9948 

9952 

0 

1 

1 

2 

2 

3 

3 

4 

4 

99 

9956 

9961 

9965 

9969 

9974 : 

9978 

9983 

9987 

9991 

9996 

0 

1 

1 

2 

2 

3 

3 

3 

4 

N 

0 

1 

2 

3 

4 1 

5 

6 

7 

8 

9 1 

1 

2 

3 

4 

5 

6 

7 

8 

9 





Table 3. Decimal of an Inch and of a Foot 


Inch 

Fractions equiva- 

of lentB to 

inch or foot foot 

fractions 


.015625 

.020B I 
.0260 


Fractions 

of 

inch or foot 


Inch 
equiva¬ 
lents to 
foot 

fractionsj 


.265625 
.2708 I 
.2760 


Fractions 

of 

inch or foot 


.515625 

.5208 

.5260 


Inch 

equivB- Fractions 

lents to of 

foot inch or foot 
fractions 


.765625 

.7708 

.7760 


Inch 

equiva¬ 
lents to 
foot 

fractions 


.046875 

.0521 

.□573 


.296875 

.3021 

.3073 


.078125 

ll 

. 0833 

1 

.0885 

iiV 

.09375 

u 

.0990 

1A 

.1042 

U- 

.109375 I 

lA 

.1146 

lU 

.1198 1 

lA 

.1250 

1.'. 

.1302 

1 ."r. 

. 1354 

n 

.140625 

1 M. 

.1458 

ii 

. 1510 

Hi! 

.15625 


.1615 

1 1 5 

^ j ft 

.1667 

2 

.171875 

2 A 

. 1771 

2; 


^ .203125 

.2083 
.2135 


II .234375 
.2396 
.2448 


.359375 

.3646 

.3698 


.390625 

.3958 

.4010 


fj] .40625 
.4115 


.421875 

.4271 

.4323 


.453125 

.4583 

.4635 

u .46875 
.4740 
.4792 

II .484375 
.4896 
I .4948 


7* : ii 
7i: ; 

7,‘'e : 



1262 ] 










13. MATHEMATICAL TABLES 


263 


Table 4. Wire and Sheet Metal Gages 

(ValuBB in upproximaie dBcimala of a,ii inch. Aa a number of gagea are in use for varioua ahapea ami 
raetalii, it ia advisable to state the thickness in thousandths when specifying gage number.) 


Gage number i 

American (A.W.G.) or 

Brown & Sharpe (B. * S.) 

(for nonferrous wire and sheet)* 

1 

U. S. steel Wire (Stl. W-G.) or 
Washburn & Maen or Roebling 
or Am. Steel & Wire Co. 

[A. (steel) W.G.l (for steel wire) 

Birmingham (B.W.G.) 

(far steel wire) or 

Stubs Iron Wire 

(for iron or brass wire)t 

Stubs (steel wire) 

i 

1 

U. S. standard (for sheet and 
plate metal, iron and steel) | 

i 

Trenton Iron Co. 

Ji “• 

“1 

B S 

t3 'u 

b »> 

in w 

British Imperial Standard Wire 
(S.W.G.) or , 

New British Standard (N.B.S.) 
or English Legal Standard 
or Imperial Wire Gage 

V 

.a 

e 

3 

C 

u 

Ml 

ed 

Cl 

DOOOOOO 

_ 

0.40DO 



0.500 

_ 


0.500 

DOOOOOO 

ODD000 


.4615 

— 

— 

.460 


- 

.464 

ODOOOO 

ooooo 

— 

.4305 



.438 

0.450 


.432 

OOOOO 

DDOO 

0.460 

.3038 

0.454 


.406 

.400 

— 

.400 

0000 

000 

.410 

.3625 

.425 

— 

.375 

.360 

0.5000 

.372 

000 

DO 

.365 

.3310 

.380 


.344 

.330 

.4452 

.348 

00 

0 

.325 

.3065 

.340 

— 

.312 

.305 

.3964 

.324 

0 

1 

.280 

.2830 

.300 

0.227 

.281 

.285 

.3532 

.300 

1 

2 

.258 

.2625 

.284 

.210 

.266 

.265 

.3147 

.276 

2 

3 

.220 

.2437 

.250 

.212 

.250 

.245 

.2804 

.252 

3 

4 

.204 

.2253 

.238 

.207 

.234 

.225 

.2500 

.232 

4 

5 

.182 

.2070 

.220 

.204 

.210 

.205 

.2225 

.212 

5 

6 

.162 

.1920 

.203 

.201 

.203 

.191) 

.1081 

.192 

6 

7 

. 144 

.1770 

.180 

.100 

.188 

.175 

.1764 

.176 

7 

8 

.128 

.1620 

.165 

.107 

.172 

.160 

.1570 

.160 

8 

9 

. 114 

.1483 

.148 

. 1 04 

. 156 

. 145 

.1308 

.144 

9 

10 

.102 

.1350 

.134 

.191 

. 141 

. 130 

.1250 

.128 

10 

11 

.001 

.1205 

.120 

.188 

. 125 

.1175 

.1113 

.116 

11 

12 

.081 

.1055 

.100 

.185 

.100 

.105 

.0901 

. 104 

12 

13 

.072 

.0915 

.005 

.182 

.094 

.0925 

.0882 

.092 

13 

14 

.064 

.0800 

.083 

.180 

.078 

.080 

.0785 

.080 

14 

15 

.057 

.0720 

.072 

.178 

.070 

.070 

.0600 

.072 

15 

10 

.051 

.0625 

.065 

.175 

.062 

.061 

.0625 

.064 

16 

17 

.045 

.0540 

.058 

.172 

.056 

.0525 

.0556 

.056 

17 

18 

.040 

.0475 

.040 

.168 

.050 

.045 

.0405 

.048 

1 B 

10 

.036 

.0410 

.042 

.164 

.0438 

.040 

. 0440 

.040 

10 

20 

.032 

.0348 

.035 

.161 

.0375 

.035 

.0392 

.036 

j 2D 

21 

.0285 

.0317 

.032 

.157 

.0344 

.031 

.0340 

.032 

21 

22 

.0253 

.0286 

.028 

.155 

.0312 

.028 

.0313 

.028 

22 

23 

.0226 

.0258 

.025 

.153 

.0281 

.025 

.0278 

.024 

23 

24 

.0201 

.0230 

.022 

.151 

.0250 

.0225 

. 0248 

.022 

24 

25 

.0170 

.0204 

.020 

.148 

.0219 

.020 

.0220 

.020 

25 

20 

.□150 

.0181 

.018 

. 146 

.0188 

.018 

.0196 

.018 

26 

27 

.0142 

.0173 

.016 

.143 

.0172 

.017 

.0175 

.0164 

27 

28 

.0126 

.0162 

.014 

.130 

.0156 

.016 

.0156 

.0148 

28 

20 

.0113 

.0150 

.013 

.134 

.0141 

.015 

.0139 

.0136 

29 

30 

.0100 

.0140 

.012 

.127 

.0125 

.014 

.0123 

.0124 

1 3D 

31 

.0080 

.0132 

.010 1 

.120 

.0109 

.013 

.0110 

.0116 

31 

32 

.0080 

.0128 

.009 ! 

.115 

.0102 

.012 

.0098 

.0108 

32 

33 

i .0071 

.0118 1 

.008 

.112 

.0094 

.011 

.0087 

.0100 

33 

34 

.0063 

.0104 

.007 

.110 

.0086 

.010 

.0077 

.0002 

34 

35 

.0056 

.0005 j 

.005 1 

.108 

.0078 

.0095 

.0060 

.0084 

35 

36 

.0050 

.0000 j 

.004 

.106 1 

.0070 

.009 

.0061 

.0076 

36 

37 

.0045 

.0085 

— 1 

.103 

.0066 

.0085 

.0054 

I .0068 

37 

38 

.0040 

.0080 

! 

.101 

.0062 

.008 

. 0048 

i .0060 

38 

30 

.0035 

.0075 


.000 


.0075 


. 0052 

39 

40 

.0031 

.0070 

— 

.□07 

— 

.007 

... . 

.0048 

40 

41 

1 _ 

.0066 

_ 

.005 

— 

— 

i _ 

.0044 

41 

42 

_ 

.0062 


.092 

— 

— 

1 

i .0040 

42 

43 


.0060 1 


.088 

_ .. 

— 

1 — 

.0036 

43 

44 

— 

,0058 1 


.085 



i — 

.0032 

44 

45 

— 

.0055 


.081 

— 

: — 


^ .0028 

45 

46 

_ 

.0052 1 


.070 

_ 

_ 


.0024 

46 

47 

_ 

.0050 

— : 

.077 

— 

— 

— 

I .0020 

47 

48 

_ 

.0048 

— 1 

.075 


— 

— 

; .0016 

48 

49 

— 

.0046 

..... 

, .072 

— 

— 

— 

.0012 

49 

50 

— 

.0044 

— 

1 .069 

— 

..... 

— 

.0010 

50 


Metric wire guge Is Lea timcH the diameter in niillimetera. 

* SumelimeB used for iron wire. 

t SomeLiiiieH used fur cupper pItiLe and fur sLcel plute 12 gage and heavier and fur Bteel tuheB. 
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PART 11. TABLES 


Table 5. Capacities of Horizontal Cylindrical Tanks 
Method of Calculation 

1. Flat Ends. Assunio diameter = 48 in. and length = 120 in. Rpqiiired the volume (in U. S. EftHonal 
of shaded area of fignTe {ACE) of height 10 in. 



Area AC*jE' = arBa area ABC. 

Area ABCE=^ ——-—^ X area of eircle, and Z.ABD ia found from its cosine which is 14/24. 

ZABD = 5^.25’* 

Area ABC= 14 X 24 X sin ZABD 

or 

14 X 24 X ain 54.25 = 14 X 24 X .8116 = 272.7 

• Aroa ylBC£ = i^^^XTX(24)!“ = 5Ul. 

3G0 

Area ACA’ = 501-272.7 = 288.3 

2RS T X 12 

Vol (U. S. galloiia) per foot of length= -“ = 15 


8ee Table 0. 

Td wlciilnte the coiitenta of a tank over oiic-half full, let h be the depth of the unfilled part of the Lank. Fiad the 
volume correapiJiidiiig to Lhis depth from the table and subtrart it from tfie volume of the full tank as kIvoh in tlie last 
column of eacL horizontal line of iho table. 





Table 6. Capacities of Horizontal Cylindrical Tanks in U. S, Gallons 
Contents given for 1 ft of length 
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VOLUMES OF (TWOl BULGED OR DISHED ENDS OF HORIZONTAL CYLINDRICAL TANKS 

100 

eo 

60 
50 
40 

30 

20 


10 

0 

B 

5 

4 

3 

2 


I 


GALLONS 

Conitructed from Doolittle Formula. Ind. Eng. Chem., March. 1928. 

V (both ends) = 0.0009328/|2(3r - h) gallons. 
h = depth in inches, 
r = radius of tank in inches. 

In curves D « diameter of tank in feet. 



Table 7. Greek Alphabet 


Gretik j 

lottLM' 

Greek 

name 

English 

equivalent 

Greek 

letter 

1 Greek 

1 name 

English 
[ eiiiiivalent 

A a 

Alpha 

H 

N V 

Nq 

II 

M t! 

Beta 

b 

H k 

Xi 

X 

r 7 

Gamma 


0 o 

Oinicron 

ij 

A h 

DcUii 

d 

11 TT 

Pi 

P 

i: E 

Epsiluri 

L‘ 

E P 

Rho 

r 

/-r 

Zctii 

Z 

ir 

Sigmu 

s 

ll 7, 

Eta 

V 

T T 

Tau 

t 

H ^ 

Theta 

th 

T u 

Upailrm 

\i 

1 1 

Iota 

i 

4> 

Phi 

ph 

K it 

Kappa 

k 

X X 

Chi 

ch 

A X 

Lambda 

1 

'k ^ 

Pei 

ps 

M M 

Mu 

m 

12 to 

Omega 

0 
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Equivalents of Measure 

Use of all tables. To [ rinvnrt !i kiu)\vii 
viiliie to a desirod mcasuri:', iiniltiply hy tlio 
known units equivalent. 

Example: The wall of a room is givnn as 
2().2.'5 m; its length therefore must be 
;i.280333 X 20.25 =00.42074 ft, 

Notations: The following ex])re.ssinns will 
2 3 4 5 

b(; used: 0 0 0 0, ete,, indicating the num¬ 


ber of ciphers to be u.sed after the decimal 
l)oint. 

5 

Example: 1 sq rod =0.00706 

= 0.00()()()0700 .sq miles, or 1 grain 
2 

= 0.02083 =0.002083 oz troy. 1 grain 
4 

= 0.00480 =0.00000480 kg, or 1 kg/m® 
4 

= 0.03013 =0.00003013 Ib/in®. 


Lengths 

1 fii(;lnr (ni) = 10 LluciiiiutBra ((liii) = i()U CBiitiniiUur.'-' u;ni) = liM)U iuillimi‘1 ers (riiiii) = 0.001 kilomeiDr (km) 
I'o [‘-onvRi't metric unii'i merely adjuat the ilccirnal point. 

1 inctor (m)=30.a7 in. (U. S. StfiniJjiril) =30.370113 in. (British .Slainliinl) 

I millimeter (miii) = l()U0 niicrun.s (/i)= 0.03937 in. = 39.37 niila. 

1 yard (U. S. Stmidiird) = 1.0000029 ytirds [Briti.sh Ktandard) 







Miles 

..... ” 

Meters 

Inches 

Feet 

Yard 

R ods 



Kilometers 



m 

ill. 

ft 

yd 

4 

Statute 

U. S. 
Nautical 

km 

1 

39.37 

3.280833 

1.093611 

0.19BB38 

:j 

0.06214 

3 

0.05396 

D.DOl 





2 

4 

4 

4 

0.02540 

1 

0.08333 

0.02778 

0.05051 

0.0157B 

0.01371 

0.02540 






3 

3 

3 

0.304B0 

12 

I 

0.33333 

0.06061 

0.01894 

D.01645 

0.03048 






3 

3 

3 

0.91440 

36 

3 

1 

O.IBIBZ 

0.05682 

0.04934 

D.09144 






2 

2 

2 

5.02P21 

198 

16.5 

5.5 

1 

0.03125 

0.02714 

0.05029 

1,609.35 

63,360 

5,280 

1,760 

320 

1 

0.B6B39 

1.60935 

1,853.25 

72,962.5 

6,080.20 

2,026.73 

368.497 

1.15155 

1 

1.85325 

1,000 

39,370 

3,280.83 

1,093.61 

198.838 

0.62137 

0.53959 

1 
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Surfaces and Areas 


1 sq mBtcr (m®) = 100 sq decinieterH (dm*) = 10,000 aq centimatera (cm*) = 0.0001 hectare (ha) 
1 aq millimetBr (mm*) =0.01 cni* = 0.00155 aq in. = l,973.5 circular mile 


Sq Meters 

SqInches 
■ q in. 

Sq Feet 
sq ft 

Sq Yards 
sq yd 

Acres 

A 

Hectares 

ha 

Sq Miles 
statute 

Sq 

Kilometers 
km 2 





3 


6 

5 

1 

1549.99 

10.7639 

1.19599 

0.02471 

0.0001 

0.03861 

0.01 

3 


2 

3 

6 

7 

9 

9 

0.06452 

1 

0.06944 

0.07716 

0.01594 

0.06452 

0.02491 

0.06452 





4 

5 

7 

7 

0.09290 

144 

1 

0.11111 

0.02296 

0.09290 

0.03587 

0.09290 





3 

4 

6 

6 

0.B3613 

1,296 

9 

1 

0.02066 

0.08361 

0.03228 

0.08361 






2 

5 

4 







2 

2 

4,046.87 

6,272,640 

43,560 

4,840 

1 

0.40469 

0.01563 

2 

0.04047 

10,000 

15,499,969 

107,639 

11,959.9 

2.47104 

1 

D.03861 

0.01 

2,589,999 


27,878,400 

3,097,600 

640 

259.000 

1 

2.59000 

1,000,000 


10,763,867 

1,195,985 

247.104 

lOO 

0.38610 

1 


1 aq rod, aq pole, or aq perch = 025 aq linka = —; acre. 

lliO 


Volume and Capacity 

I cu meter (m^) = 1,000 ru [lecimetora (dm*) = 1,000,000 cu centimetcra (cm’') 

1 liter (1) = 10 decilitera (dl) = 100 centilitera (cl) = 1,000 millilitcra (ml) = 1,000 cu centimetcra (cm* or cc) 
1 liter (l)=0.1 decaliter (dkl) = 0.01 hectoliter (hl) = l cu decimeter (dm*) 


Cubic 

Decimeters 
dm* 1 

Cubic 
Inches 
cu in. 

Cubic 
Feet 
cu ft 

Cubic 
Yard 
cu yd 

U. S. Quarts 

U. S. (jallons 

U. S. 
Bushels 
bu 

liquid 

1 qt 

dry 
d qt 

liquid 

1 gal 

dry 
d gal 

J 

61.0234 

0.035314 

2 

0.01308 

1.05668 

0.90808 

0.264178 

0.22702 

0.02838 



3 

4 



2 

2 

3 

0.01639 

1 

0.05787 

0.02143 

0.01732 

0.01488 

0.04329 

0.03720 

0.04650 

28.3170 

1,728 

1 

0.03704 

29.9221 

25.7140 

7.48055 

6.42851 

0.80356 

764.559 

46,656 

27 

1 

807.896 

694.279 

201.974 

173.570 

21.6962 

0.94636 

57.75 

0.03342 

2 

0.01238 

1 

0.85937 

0.25 

6.21484 

0.02686 

1.10123 

67.2006 

0.03889 

2 

0.01440 

•7 

1.16365 

1 

0.29091 

0.25 

0.03125 

3.78543 

231 

0.13368 

0.04951 

4 

3.43747 

1 

0.85937 

0.10742 

4.40492 

268.603 

0.15556 

2 

0.05761 

4.65460 

4 

1.16365 

1 

0.125 

35.2393 

2,150.42 

1.24446 

0.04609 

37.2368 

32 

9.30920 

B 

1 

4.54374 

277.274 

1 0.160459 

0.0059429 

4.30128 

4.1267 

1.20032 

1.0317 

0.12896 


Bottom row IIhIh the equivalents for one imperUl Kallon. 


U. S. dry meaaurB: 1 bushel = 4 pBcka = 8 galluns = 32 quarts = G4 pinta. 

U. S. liquid measure: 1 gallon = 4 quarta = 8 pints = 32 gills =128 fluid ouncea. 

U. S. Ajjoth. iMcaaurB: 1 fl. ounce (f5) = 8 fl- drama (f3)=480 minims (TIJ) = 29.574 cm*. 

Example: For South America a pump has to be furnished of 1,000 liters per minute capacity. According 
to Ainerienn practice this would be 1,000 X 0.204178 = 264.178 gpm. 
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Masses and Weights 

1 eram ^g^ = 10 decigrama (dg) = 100 centigrams (eg) = 1,000 milligrams (mg) =0.001 kilograms (kg) 

1 kilogram (kg) = 1 liter or cu decimeter of water at 4 degrees C, 45” Lat. and sea level = 15,432.35639 
grains. 

1 U. S. liquid gal = 8.34545 lb, 1 Imperial gal = 10.0221 lb, 1 cu ft = 62.42S3 lb water as above. 


Kilograms 

kg 

Grains 

gr 

Ounces 

Pounds 

Tons 

Troy 

DZ t 

Avoir 

oz av 

Troy 
lb t 

Avoir 
lb av 

Net- 
short 
2,000 lb 

Gross- 
long 
2,240 lb 

Metric 
1,000 kg 







2 

3 


1 

1,5432.4 

32.1507 

35.2740 

2.67923 

2.20462 

0.01102 

0.09842 

0.001 

4 


2 

2 

3 

3 

7 

7 

7 

0.064B0 

1 

0.02083 

0.02286 

0.01736 

0.01429 

0.07143 

0.06378 

0.06480 







4 

4 

4 

0.03110 

480 

1 

1.09714 

0.08333 

0.06857 

0.03429 

0.03061 

0.03110 







4 

4 

4 

0.0ZS35 

473.5 

0.91146 

1 

0.07595 

0.06250 

0.03125 

0.02790 

0.02835 







3 

3 

3 

0.37324 

5,760 

12 

13.1657 

1 

0.82286 

0.04114 

0.03674 

0.03732 








3 

3 

0.45359 

7,000 

14.5833 

16 

1.21528 

1 

O.OOOSO 

d.0446A 

0.04536 

907.185 

14,000,000 

29,166.7 

32,000 

2,430.56 

2,000 

1 

O.B92Bb 

0.90719 

1,016.05 

15,680,000 

32,666.7 

35,840 

2,722.22 

2,240 

1.12 

1 

1.01605 

1,D0D 

15,432,356 

32,150.7 

35,274.0 

2,679.23 

2,204.62 

1.10231 

0.98421 

1 


The pound, ounce and grain Apothecary have the same weight as those of Troy weight, 

1 pound (Apoth.) = 12 ouncca (5) =96 drama (5) =288 acruples (3) = 5700 grains (gi) 

1 pound (Troy) = 12 ounces (3) = 240 pennyweight (dwt)=5760 grains (gr) 

J hiiiidri!dwBight= 1/20 long ton = 4 quaiters=8 8tonc=112 lbs = 50.S()24 kg 

Example: To make 10 metric tons of ice per day would require a plant with a capacity of 10 X 1.10231 
= 11.02.3 ton American practice. When capacities in long tuns are speciried, then a 10-gn.)8,s-ton 
plant requires 10 X 1.12=11.2 U. S. tons ice-making capacity. 


Pressurs 


1 dyne per sq centimoter = 0.00101979 g/cra2=0.000460646 poundals/in*. 

1 gram per sq centimBtcr= 980.5966 dynes/cm*= 0.4,57592 poundals/in®. 

1 poundal per sq in. = 2,142.95 dynes/cm® = 2.18536 g/cm*= 0.0310832 pound/in*. 


Kilagrams 
per s(i 
centimeter 
kg/ cm* 

Pounds 
per sq 
inch 
psi 

Pounds 
per sq 
foot 
psf 

Atmos¬ 
pheres, 
Standard 
760 mm 

Columns of Mercury 
Hg. 13.59593 sp g 

Columns of Water, 
max density at 

4C, J9F 

Millimeters 

Inches 

Meters 

Feet 

1 

14.2234 

2,048.17 

0,96778 

735.514 

28.9572 

10 

32.8083 

0.07031 

1 

144 

0.06804 

51.7116 

2.035BB 

0.70307 

2.30665 

3 

2 


3 



2 


0.04882 

0.06944 

1 

0.04725 

0.35911 

0.01414 

0.04882 

0.01602 

1.03329 

14.6969 

2,116.35 

1 

*7 

760 

29.9212 

10.3329 

33.9006 

2 

0.01360 

0.01934 

2.78468 

A 

0.01316 

1 

0.03937 

0.01360 

0.04461 

0.03453 

0.49119 

70.7310 

0.03342 

25.4001 

1 

0.34534 

1.13299 

0.10 

1.42234 

204.817 

0.09678 

73.5514 

2.89572 

1 

3.28083 

0.03048 

0.43353 

62.4283 

0.02950 

22.4185 

0 .BB262 

0.30480 

1 
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Density—Specific Weights 

1 dyne per cu Deiitimeter = 0.001011^70 grHiii/cm® = 0.00118528 poundala/in^. 

1 gram per cu centimeter™ 080.596G dynea/cm*™ 1,162283 poundals/in'. 

1 pDundal per cu in. = 843.683 dynEa/cm^ = 0.860378 g/cm® = 0.0310832 pound/in'\ 


Grams 
per cu 
centimeter 
g/cm^ 

Pounds 

per 

cu inch 
Ib/in^ 

Pounds 

per 

cu foot 
Ib/ft^ 

Pounds 

per 

cu yard 
Ib/yd^ 

Kilograms 

per 

cu meter 
hg/m^* 

Pounds 

per 

bushel 

U. S. 

Pounds 

per 

gallon, 

dry, 

U. S. 

Pounds 

per 

gallon, 

liquid, 

U. S. 

1 

0.03613 

62.42B3 

1,685.56 

1,000 

77.6B93 

9.71116 

B.34545 

27.6797 

1 

1,728 

46,656 

2,7679.7 

2,150.42 

26B.B03 

231 

0.01602 

0.057H7 

1 

27 

16.D1B4 

1.24446 

0.15556 

0.13368 

3 

4 





2 

2 

0.05933 

D.02143 

0.03704 

1 

0.59327 

0.04609 

0.05762 

0.04951 


4 





2 

2 

0.001 

0.03613 

•2 

0.06243 

1.6B556 

1 

0.07769 

0.09711 

0.0B345 

0.012B7 

3 

0.04650 

T 

0.B0356 

21.6962 

1Z.B71B 

1 

0.125 

0.10742 

0.010297 

Z 

0.03720 

6.42B51 

173.570 

102.974 

B 

1 

0.85937 

0.119B3 

L 

0.04329 

3 

7.48052 

201.974 

119.B26 

9.30920 

1.16365 

1 


The Hpecillc gravity of a aubatance la the ratio of ita density to that of water at 4C, both i.'anaities 
being exprcaaeil in the same units, 

'Die density of a substaiiee is its nia.ss per unit volume. 

The specific weight of a siibatanee is its weight per unit volume. 


Heat, Energy, Work 

7 

1 r^yn^^-ceIltimele^= 1 mg= 0.001011)70 gnini-ccntimeter= 0.0737612 foot-pountl. 

4 

1 gram-ceJitimeter= OS0.506G erga = 0.072-33 foot-pounds. 

1 foot-pound, ft-lb= 13,557,300 L‘iga= 13,825.5 gram-Bentinicter. 


Kilogram 

meters 

kg-m 

Foot 

pounds 

ft-lb 

Horsepower—Hours 

Kilowatt 

hours 

kw-hr 

Joules 

10 ^ ergs 

j 

Thermal Units 

U. S. 
hp-hr 

Metric 

75 kg-m-hr 

fitu 

kg-cal 



5 

5 

5 


2 

2 

1 

7.23300 

0.03653 

0.03704 

0.02724 

9.B0597 

0.09296 

0.02342 



6 

6 

6 


2 

3 

0.13B26 

1 

0.D5051 

0.05121 

0.03766 

1.35573 

0.01285 

0.03239 

273,745 

1,9B0,D0D 

1 

1.01387 

0.74565 

2,684,340 

2,544.65 

641.240 

270,000 

1,952,910 

D.9B632 

1 

0.73545 

2,647,610 

2,5D9.B3 

632.467 

367,123 

2,655,403 

1.34111 

1.35972 

1 

3,600,000 

3,412.66 

859.975 



6 

6 

6 


3 

3 

0.10198 

0.73761 

0.03725 

0.03777 

0.0277B 

1 

0.09480 

0.02389 



3 

3 

3 




107.577 

778.104 

0.03930 

0.D39B4 

0.02930 

1,054.90 

1 

0.25200 



2 

2 

2 




426.900 

3,087.77 

1 0.01559 

0.015B1 

0.D1163 

4,186.17 

3.96832 

1 
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Power, Rate of Energy and Heat 


7 

1 erg per aec=l dync-cm/aBc = 0.0737612 foot-pound/aec. 

4 

1 gram-ceritimotBr per 3BCDnd = 080.5966 orgs/aec™ 0.07238 fout-peund/aeR. 
1 foot-pound per aecond = 13,557,300 Brga/8ec= 13,825.5 gram-cm/acc. 


Kilogram 
Meters per 
second 

kg-m/sec 

Foot¬ 
pounds per 
second 

ft-lb/sec 

Horsepower 

Kilowatt 

kw 

Watts 

10 ^ ergs/sec 

Thermal Units per Se 

U. S. 

550 

ft-lb/aec 

Metric 

75 

kg-m/sec 

Btu/sec 

kg-cal/se 





2 


2 

2 

1 

7.23300 

0.01315 

0.01333 

0.09806 

9.80597 

0.09296 

0.02342 



2 

2 

2 


2 

3 

0.13B26 

1 

0 .0181B 

0.01843 

0.01356 

1.35573 

0.01285 

0.03237 

76.0404 

550 

1 

1.01387 

0.74565 

745.650 

0.70685 

0.17812 

75 

542.475 

0.98632 

1 

0.73545 

735.448 

0.69718 

0.17569 

100 

723.300 

1.31509 

1.33333 

0.98060 

980.597 

0.92957 

0.23425 

101.979 

737.61Z 

1.34111 

1.35972 

1 

1,000 

0.94796 

0.23888 



2 

2 



3 

3 

0.10198 

0.73761 

0.01341 

0.01360 

0.001 

1 

0.09480 

0.02389 

107.577 

778.104 

1.41474 

1.43436 

1.05490 

1,054.90 

1 1 

0.25200 

426.900 

3,087.77 

5.61412 

5.69200 

4.18617 

4,186.17 

3.96832 

1 


The ton refrigcniiion ia288,000 Btu/24hr= 12,000 Btu/hr = 200Btij/inin = 3.3333 Btu/sec. 


Example: To absorb the heat devolDjicd in expending the energy of one hp/aec, 


D. 706S.5 
‘ 3 !3 33 3 


= 0.21206 ton 


refrigeration cai)acity ia required. 


Velocities and Accelerations 


1 centimeter per acc = 0.0328083 ft per aec. 

1 radian per second = .57.2958 degrees per 8 bc= 0.15915,5 revolution per sec. 

1 gravity = .980.5906 centimeters jjer aec per Bec=32.l717 ft per see per sec. 


Meters 

per 

second 

mps 

Feet 

per 

Second 

fps 

Miles 

per 

hour 

mph 

Knots 

U. S. 

Kilometers 

per 

hour 

Meters 

per 

sec/sec 

mps^ 

Feet 

per 

sec/sec 

fps* 

Miles 

per 

hour/Sec 
mph-s 

1 

3.28083 

2.23693 

1.94254 

3.6 

1 

0.28083 

2.23693 

0.30480 

1 

0.68182 

0.59209 

1.09728 

0.30480 

1 

0.68182 

0.44704 

1.46667 

1 

0.86839 

1.60935 

0.44704 

1.46667 

1 

0.51479 

1.68894 

1.15155 

1 

1.85325 

1 0.27778* 

0.91134* 

0.62137* 

0.27778 

0.91134 

0.62137 

0.53959 

\ 

1 




• Equivalents for 1 Kilometer per liuur v)Rr aci’.. 
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Temperature Conversion Table 


Deg 

Deg 

Deg 

Deg 

Deg 

Deg 

Deg 

F 

C 

F 

C 

F 

C 

F 

- 120 . 

-84.45 

-77.80 

-61. 

-35. 

-37.22 

8 . 

-119.20 

-84. 

-77. 

-60.56 

-34.60 

-37. 

8.60 

-119. 

-83.89 

-76. 

— 60. 

-34. 

-36.67 

9. 

-iia. 

— 83.33 

-75. 

-59.44 

-33. 

-36.11 

10 . 

-117.40 

-83. 

-74.20 

— 59. 

—32.80 

-36. 

10.40 

-117. 

— 82.78 

-74. 

-58.89 

-32. 

-35.56 

11 . 

-116. 

-82.22 

-73. 

-58.33 

-31. 

-35. 

12 . 

-115.60 

-82. 

-72.40 

-58. 

-30. 

-34.44 

12.20 

-115. 

-81.67 

-72. 

-57.78 

— 29.20 

-34. 

13. 

-114. 

-81.11 

-71. 

-57.22 

— 29. 

— 33.89 

14. 

-113.BO 

— 81 . 

— 70.60 

-57. 

— 28. 

— 33.33 

15. 

-113. 

— 80.56 

-70. 

-56.67 

-27.40 

-33. 

15.80 

- 112 . 

-80. 



-27. 

-32.78 

16. 

- 111 . 

-79.45 

-69. 

-56.11 

-26. 

-32.22 

17. 

- 110.20 

-79. 

-68.80 

-56. 

— 25.60 

-32. 

17.60 

- 110 . 

— 78.89 

— 68 . 

-55.56 

— 25. 

-31.67 

18 . 

-109. 

-78.33 

-67. 

— 55. 

— 24. 

-31.11 

19. 

-10B.40 

-78. 

- 66 . 

-54.44 

— 23.80 

-31. 

19.40 

-lOB. 

-77.78 

-65.20 

-54. 

— 23. 

— 30.56 

20 . 

-107. 

-77.11 

-65. 

— 53.89 

— 22 . 

— 30. 

21 . 

-106.60 

-77. 

-64. 

-53.33 

- 21 . 

— 29.44 

21.20 

-106. 

— 76.67 

— 63.40 

-53. 

— 20.20 

— 29. 

22 . 

-105. 

-76.11 

-63. 

-52.78 

- 20 . 

— 28.89 

23. 

-104.80 

-76. 

-62. 

-52.22 

-19. 

— 28.33 

24. 

-104. 

-75.56 

— 61.60 

— 52. 

-18.40 

— 28 . 

24.80 

-103. 

-75. 

-61. 

-51.67 

— 18. 

-27.78 

25. 

- 102 . 

-74.45 

-60. 

-51.11 

-17. 

— 27.22 

26. 

- 101.20 

-74. 

-59.80 

-51. 

— 16.60 

-27. 

26.60 

- 101 . 

-73.89 

-59. 

-50.56 

— 16. 

-26.67 

27. 

- 100 . 

-77.33 

-58. 

— 50. 

-15. 

-26.11 

28 . 

- 99.40 

— 73. 

-57. 

— 49.44 

— 14.80 

-26. 

28.40 

- 99. 

-72.78 

— 56.20 

-49. 

-14. 

-25.56 

29. 

- 9B. 

-72.22 

-56. 

-48.89 

— 13. 

-25. 

30. 

- 97.60 

— 72. 

-55. 

-48.33 

— 12 . 

-24.44 

30.20 

- 97. 

-71.67 

-54.40 

-48. 

- 11.20 

— 24. 

31. 

- 96. 

-71.11 

-54. 

-47.78 

—11 . 

— 23.89 

32. 

- 95.80 

-71. 

-53. 

-47.22 

— 10 . 

— 23.33 

33. 

- 95. 

-70.56 

-52.60 

-47. 

— 9.40 

— 23. 

33.80 

- 94. 

-70. 

— 52. 

— 46.67 

— 9. 

-22.78 

34. 

93. 

-69.45 

-51. 

-46.11 

— 8 . 

- 22.22 

35. 

- 92.20 

-69. 

-50.80 

-46. 

- 7.60 

- 22 . 

35.60 

- 92. 

— 68.89 

-50. 

-45.56 

- 7. 

-21.67 

36. 

- 91. 

-68.33 

-49. 

-45. 

- 6 . 

- 21.11 

37. 

- 90.40 

— 6 B. 

— 48. 

-44.44 

- 5.80 

- 21 . 

37.40 

-90. 

-67.78 

-47.20 

-44. 

- 5. 

-20.56 

38. 

-B9. 

-67.22 

-47. 

— 43.89 

— 4. 

— 20 . 

39. 

-BB.60 

-67. 

-46. 

— 43.33 

— 3. 

-19.44 

39.20 

-88. 

-66.67 

-45.30 

-43. 

— 2.20 

— 19. 

40. 

-87. 

- 66.11 

-45. 

-42.78 

— 2 . 

-18.89 

41. 

-86.80 

- 66 . 

-44. 

-42.22 

— 1 . 

— 18.33 

42. 

- 86 . 

-65.56 

— 43.60 

-42. 

— 0.40 

-18. 

42.80 

-85. 

-65. 

-43. 

— 41.67 

0 

-17.78 

43. 

-84. 

-64.44 

-42. 

-41.11 

.1 

— 17.22 

44. 

-83.20 

-64. 

-41.80 

-41. 

1.40 

-17. 

44.60 

-83. 

— 63.89 

— 41. 

— 40.56 

2 . 

-16.67 

45. 

-82 . 

-63.33 

-40. 

— 40. 

3. 

-16.11 

46. 

-81 .40 

-63. 

-39. 

— 39.44 

3.20 

-16. 

46.40 

-81. 

-62.78 

— 38.20 

-39. 

4. 

-15.56 

47. 

-80. 

-62.22 

-38. 

— 38.89 

5. 

-15. 

48. 

-79.60 

-62. 

-37. 

-38.33 

6 . 

-14.44 

48.20 

-79. 

-61.67 

-36.40 

— 38. 

6.80 

-14. 

49. 

-78. 

-61.11 

-36. 

-37.78 

7. 

-13.89 

50. 


Deg 

C 


-13.33 

— 13. 
-12.78 
- 12.22 
- 12 . 
-11.67 
- 11.11 
- 11 . 

— 10.56 
- 10 . 

— 9.44 

— 9. 

— B.B9 

— B.33 

— B. 

— 7.78 

— 7.22 

— 7. 

— 6.67 

— 6.11 

— 6. 

— 5.56 

— 5. 

— 4.44 

— 4. 

— 3.89 

— 3.33 

— 3. 

— 2.78 

— 2.22 
— 2 . 

- 1.67 

— 1.11 
— 1 . 

- 0.56 
0 . 

0.56 

1 . 

1.11 

1.67 
2 

2.22 

2.7B 

3. 

3.33 

3.89 

4. 

4.44 

5. 

5.56 

6 . 

6.11 

6.67 
7. 

7 .22 
7.7B 
B. 

B.33 

B.B9 

9. 

9.44 
10 
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Temperature Conversion Table (Concluded) 


Deg 

Deg 

Deg 

Deg 

Deg 

Deg 

Deg 

Deg 

F 

C 

F 

C 

F 

C 

F 

C 

51. 

10.56 

91.40 

33. 

132.80 

56. 

173. 

78.33 

51.80 

11. 

92. 

33.33 

133. 

56.11 

174. 

78.89 

52. 

11.11 

93. 

33.89 

134. 

56.67 

174.20 

79. 

53. 

11.67 

93.20 

34. 

134.60 

57. 

175. 

79.44 

53.60 

12. 

94. 

34.44 

135. 

57.22 

176. 

80. 

54. 

12.22 

95. 

35. 

136. 

57.78 

177. 

80.56 

55. 

12.78 

96. 

35.56 

136.40 

58. 

177.80 

81. 

55.40 

13. 

96.80 

36. 

137. 

58.33 

178. 

81.11 

56. 

13.33 

97. 

36.11 

138. 

58.89 

179. 

81.67 

57. 

13.89 

98. 

36.67 

138.20 

59. 

179.60 

82. 

57.20 

14. 

98.60 

37. 

139. 

59.44 

ISO. 

82.22 

58. 

14.44 

99. 

37.22 

140. 

60. 

181. 

82.78 

59. 

15. 

100. 

37.78 

141. 

60.56 

181.40 

83. 

60. 

15.56 

100.40 

38. 

141.80 

61. 

182. 

83.33 

60.80 

16. 

101. 

38.33 

142. 

61.11 

183. 

83.89 

61 . 

16.11 

102. 

38.89 

143. 

61.67 

183.20 

84. 

62 . 

16.67 

102.80 

39. 

143.60 

62. 

184. 

84.44 

62.60 

17. 

103. 

39.44 

144. 

62.22 

185. 

85. 

63. 

17.22 

104. 

40. 

145. 

62.78 

186. 

85.56 

64. 

17.78 

105. 

40.56 

145.40 

63. 

186.80 

86. 

64.40 

18. 

105.80 

41. 

146. 

63.33 

187. 

86.11 

65. 

18.33 

106. 

41.11 

147. 

63.89 

188. 

86.67 

66. 

18.89 

107. 

41.67 

147.20 

64. 

188.60 

87. 

66.20 

19. 

107.60 

42. 

148. 

64.44 

189. 

87.22 

67. 

19.44 

108. 

42.22 

149. 

65. 

190. 

87.78 

68. 

20. 

109. 

42.78 

150. 

65.56 

190.40 

88. 

69. 

20.56 

109.40 

43. 

150.80 

66. 

191. 

88.33 

69.80 

21. 

110. 

43.33 

151. 

66.11 

192. 

88.89 

70. 

21.11 

111. 

43.89 

152. 

66.67 

192.20 

89. 

71. 

21.67 

111.20 

44. 

152.60 

67. 

193. 

89.44 

71.60 

22. 

112. 

44.44 

153. 

67.22 

194. 

90. 

72 . 

22.22 

113. 

45. 

154. 

67.78 

195. 

90.56 

73 . 

22.78 

114. 

45.56 

154.40 

68. 

195.80 

91. 

73 .40 

23. 

114.80 

46. 

155. 

68.33 

196. 

91.11 

74. 

23.33 

115. 

46.11 

156. 

68.89 

197. 

91.67 

75. 

23.89 

116. 

46.67 

156.20 

69. 

197.60 

92. 

75.20 

24. 

116.60 

47, 

157. 

69.44 

198. 

92.22 

76. 

24.44 

117. 

47.22 

158. 

70. 

199. 

92.78 

77. 

25 . 

118. 

47.78 

159. 

70.56 

199.40 

93. 

78. 

25.56 

118.40 

48. 

159.80 

71 . 

200. 

93.33 

78.80 

26. 

119. 

48.33 

160. 

71.11 

201 . 

93.89 

79. 

26.11 

120. 

48.89 

161. 

71 .67 

201.20 

94. 

80. 

26.67 

120.20 

49. 

161.60 

72. 

202. 

94.44 

80.60 

27. 

121. 

49.44 

162. 

72.22 

203. 

95. 

81 . 

27.22 

122. 

50. 

163. 

72.78 

204. 

95.56 

82. 

27.78 

123. 

50.56 

163.40 

73. 

204.80 

96. 

82 .40 

28. 

123.80 

51. 

164. 

73.33 

205. 

96.11 

83 . 

28.33 

124. 

51.11 

165. 

73.89 

206. 

96.67 

84 . 

28.89 

125. 

51.67 

165.20 

74. 

206.60 

97. 

84.20 

29 . 

125.60 

52. 

166. 

74.44 

207. 

97.22 

85. 

29.44 

126. 

52.22 

167. 

75. 

208. 

97.78 

86. 

30. 

127. 

52.78 

168. 

75.56 

208.40 

98. 

87. 

30.56 

127.40 

53. 

168.80 

76. 

209. 

98.33 

87.80 

31. 

128. 

53.33 

169. 

76.11 

210. 

98.89 

88 . 

31.11 

129. 

53.89 

170. 

76.67 

210.20 

99. 

89. 

31.67 

129.20 

54. 

170.60 

77. 

211. 

99.44 

89.60 

32. 

130. 

54.44 

171. 

77.22 

212. 

100. 

90. 

32.22 

131. 

55. 

172. 

77.78 

Deg C = 4 (F 

-32); 

91 . 

32.78 

132. 

55.56 

172.40 

78. 

|DegF-32+| C 
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Viscosity* 

Dynamic or Absolute Viscosity, /x (mu) 


gm/cm BBC or 
dyne-BBc/cm^ 
Poise 

gm/cm Sec or 
dyne-BBc/cm^ 
Centipoises 

1 Ib/ft SBC or 

poundal sec/fF 

Slug/ft sec 

lb/ SBc/ft* 

kg/m hr 

1 

100 

0.0672 

2 

0.02D9 

360 

14.BB 

1488 

1 

0.03105 

5356 

478.5 

47,850 

32.174 

1 

172,300 

2 


3 

5 


0.0277B 

0.2778 

0.01867 

0.05804 

1 


Kinematic viscosity v = nfp where p. is the dynamic or absohitB viscosity anil p is the density of the 
fluid. Kinematic viscosity is termed a ceiitistoke in the metric system. 

Relative viscosity is the ratio of dynamic viscosity of the fluid to that of water at a definite reference 
temperature, usually 2U C or GS F, where the viscosity of water is practically l/lOO poise or 1 centipoise. 

Specific viscosity: Snybolt is a very common method of measurin|r and stating viscosity and the 
results stated in fcJaybolt seconds. Since the rate of flow through the nozzle of the Saybolt viscometer 
depends on the dynamic viscosity and the head pressure, and since the pressure head is a function of the 
ilcnsity of the fluid, Saybolt viscosity is a function of the kinematic viscosity. 

1 R 

x' = 0.0022X^- — poise/gram, 

^=^0.()022X/Xp-" 

Also 

i> = 0.00000237f— - Bri ft per sec 

ISoine commercial measurements of viscosity are made with thn lOiigIcr viscomrder and the results arc 
stated in Engler seconds. 

i' = 0.00147f — -y- poise/gram 
r = 0.00147f/) —3.74y poise 

where p, v and p are as above, and < is thi* time in SayViolt seconds or Engler seconds for the respective 
methods. 


PrepBred by R. J. PanlpiiHr. 
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Enth&ipy 

1 kg-cal/kg= 1.8 Btu/lb 
1 Btu/Jb = 0.555 kg-cal/kg 

Entropy 

1 kg-cal/kg deg C“1 Btu/lb deg F 


Thermal Conductivities 


Btu ft* 

Btu in. 

Chu in.f 

g cal cm 

kilo ergs 

w cm 

kg cal m 

hr f F 

hr ft^ F 

hr f t^ C 

sec cm^ C 

SBC cm^’ C 

cm’* C 

hr C 

1.000 

12.000 

12.000 

2 ! 
0.0413 

173. 

0.0173 

1.49 




3 


2 


0.0833 

1.000 

1.000 

0.0344 

14.4 

0.0144 

0.124 




3 


2 


D.0B33 

1.000 

1.000 

0.0344 

14.4 

0.0144 

0.124 

242. 

2,905. 

2,905. 

1.000 

41,900. 

4.19 

361. 

2 



4 


3 

2 

0.0578 

0.0694 

0.0694 

0.0239 

l.OOD 

0.01 

0.0861 

57.8 

694. 

694. 

0.239 

10 , 000 . 

1.000 

86.1 

0.671 

8.05 

8.05 

2 

0.0277 

116. 

0.0116 

1.000 


* Ri^arl: Btu foot per liour square foot degree riihreuheit. 

t The prmnd-CBTitigritde unit, PGu. or emitigrarlB heat unit Chu, is Ihe heat reiiuirud lo raise one pound of water one 
degree centigrade and eriuals l.S Htu. 


Coefficients of Heat Transfer 


Btu 

kg-cal 

Chu 

g-cal 

Watts 

Watts 

hp 

hr ft 2 F 

hr m^ C 

hr ft^ C 

sec cm'‘‘ C 

cm- C 

m2 F 

fl*F 




3 

3 

2 

3 

1.000 

4.88 

1.000 

0.01355 

0.0568 

0.0204 

0.0394 




4 

3 

3 

4 

.205 

1.000 

.205 

0.0278 

0.0116 

0.0418 

0.0807 




3 

3 

2 

3 

1.000 

4.8B 

1.000 

0.01355 

0.0568 

0.0204 

0.0394 

7,380. 

36,000. 

7,380. 

l.DOO 

4.19 

15.1 

2.91 

1,761. 

8,592. 

1,761. 

0.239 

l.OOD 

3.697 

0.694 

490. 

2,392. 

490. 

0 .0664 

0.Z7B 

1.000 

0.193 

2,538. 

12,390. 

2,538. 

0.344 

1.44 

5.18 

1.000 
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Absolute Pressure and Equivalent Vacuum Values 

Inches ol mercury at the density of 32 F 


psia 

in. Kg vac 

psia 

in. Hg vac 

psia 

in. Hg vac 

psia 

in. Hg vac 

0 

29.921 

3.6 

22.590 

7.2 

15.261 

10.767 

8.0 

0.1 

29.716 

3.645 

22.5 

7.3 

15.057 

10.8 

7.932 

0.2 

29.512 

3.7 

22.387 

7.329 

15.0 

10.9 

7.728 

0.206 

29.5 

3.8 

22.183 

7.4 

14.854 

11.0 

7.525 

0.3 

29.309 

3.890 

22.0 

7.5 

14.650 

11.013 

7.5 

0.4 

29.105 

3.9 

21.979 

7.574 

14.5 

11.1 

7.321 

0.452 

29.0 

4.0 

21.776 

7.6 

14.447 

11.2 

7.117 

0.5 

28.901 

4.1 

21.572 

7.7 

14.243 

11.258 

7.0 

0.6 

28.698 

4.136 

21.5 

7.8 

14.039 

11.3 

6.914 

0.698 

28.5 

4.2 

21.369 

7.820 

14.0 

11.4 

6.710 

0.7 

28.494 

4.3 

21.165 

7.9 

13.836 

11.5 

6.507 

0.8 

28.291 

4.381 

21.0 

8.0 

13.632 

11.504 

6.5 

0.9 

28.087 

4.4 

20.961 

8.065 

13.5 

11.6 

6.303 

0.943 

28.0 

4.5 

20.758 

8.1 

13.429 

11.7 

6.100 

1.0 

27.883 

4.6 

20.554 

8.2 

13.225 

11.749 

6.0 

1.1 

27.680 

4.627 

20.5 

8.3 

13.022 

11.8 

5.896 

1.189 

27.5 

4.7 

20.351 

8.311 

13.0 

11.9 

5.692 

1.2 

27.476 

4.8 

20.147 

8.4 

12.818 

11.995 

5.5 

1.3 

27.273 

4.873 

20.0 

8.5 

12.614 

12.0 

5.489 

1.4 

27.069 

4.9 

19.944 

8.557 

12.5 

12.1 

5.285 

1.434 

27.0 

5.0 

19.740 

8.6 

12.411 

12.2 

5.082 

1.5 

26.866 

5.1 

19.536 

8.7 

12.207 

12.241 

5.0 

1.6 

26.662 

5.118 

19.5 

8.8 

12.044 

12.3 

4.878 

1.680 

26.5 

5.2 

19.333 

8.802 

12.0 

12.4 

4.674 

1.7 

26.458 

5.3 

19.129 

B.9 

11.780 

12.486 

4.5 

1.8 

26.255 

5.364 

19.0 

9.0 

11.596 

12.5 

4.471 

1.9 

26.051 

5.4 

18.926 

9.048 

11.5 

12.6 

4.267 

1.926 

26.0 

5.5 

18.722 

9.1 

11.393 

12.7 

4.064 

2.0 

25.848 

5.6 

18.518 

9.2 

11.189 

12.732 

4.0 

2.1 

25.644 

5.609 

18.5 

9.293 

11.0 

12.8 

3.860 

2.171 

25.5 

5.7 

18.315 

9.3 

10.986 

12.9 

3.656 

2.2 

25.440 

5.8 

18.111 

9.4 

10.782 

12.977 

3.5 

2.3 

25.237 

5.855 

18.0 

9.5 

10.578 

13.0 

3.453 

2.4 

25.033 

5.9 

17.908 

9.539 

10.5 

13.1 

3.249 

2.417 

25.0 

6.0 

17.704 

9.6 

10.375 

13.2 

3.046 

2.5 

24.830 

6.1 

17.500 

9.7 

10.171 

13.223 

3.0 

2.6 

24.626 

6.101 

17.5 

9.785 

10.0 

13.3 

2.842 

2.662 

24.5 

6.2 

17.297 

9.8 

9.968 

13.4 

2.639 

2.7 

24.422 

6.3 

17.093 

9.9 

9.764 

13.468 

2.5 

2.8 

24.219 

6.346 

17.0 

10.0 

9.561 

13.5 

2.435 

2.9 

24.015 

6.4 

16.890 

10.030 

9.5 

13.6 

2.231 

2.908 

24.0 

6.5 

16.686 

10.1 

9.357 

13.7 

2.028 

3.0 

23.812 

6.592 

16.5 

10.2 

9.153 

13.714 

2.0 

3.1 

23.608 

6.6 

16.483 

10.276 

9.0 

13.8 

1.824 

3.153 

23.5 

6.7 

16.279 

10.3 

8.950 

13.9 

1.621 

3.2 

23.405 

6.8 

16.075 

10.4 

8.746 

13.960 

1.5 

3.3 

23.201 

6.837 

16.0 

10.5 

8.543 

14.0 

1.417 

3.399 

23.0 

6.9 

15.872 

10.521 

8.5 

14.1 

1.213 

3.4 

22.997 

7.0 

15.668 

10.6 

8.339 

14.2 

1.010 

3.5 

22.794 

7.083 

15.5 

10.7 

8.135 

14.205 

1.0 



7.1 

15.864 
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Economic Factors 

^HE costs of insulating refrigerated 
^ rooms or pipes, vessels and other equip¬ 
ment are large enough to warrant careful 
consideration of type and quantity of ma¬ 
terial to use. First cost is important, but 
even more so is the continuing cost made 
up of operating expense, maintenance and 
repairs and depreciation. 

In considering insulation of heated sur¬ 
faces it is conventional to compare the cost 
of heat loss from bare surfaces with that 
from insulated ones, thus determining the 
sum economically available to offset the 
cost of insulation. Exactly the same ap¬ 
proach is not possible for refrigeration as 
it is seldom practical to ojjerate without any 
insulation. Similar basic analysis is ap¬ 
propriate however. As the amount or 
thickness of insulation increases its cost 
goes up but the cost of refrigeration de¬ 
creases. The most economical thickness is 
therefore the point where the sum of these 
costs per year is least. Fig. 1 illustrates 
this, where the annual costs of insulation 
and refrigeration are respectively curves 
N and M. (Mathematical form and deriva¬ 
tion by McMillan shown in Appendix A.) 

It is important to note that the thickness 
so determined may not be sufficient to with¬ 



THICKNESS-- 


INSULATION COST-N REFRIGERATION COST-M 


stand the conditions of service. Other fac¬ 
tors may modify purely economic con¬ 
siderations. 

Insulation Thickness in Practice 

Extensive studies of all factors affecting 
the true economic thickness are warranted 
only for large permanent structures. The 
groat majority of transient food storages 
held at 32 F to 40 F are insulated with 4 
in. of sheet or block type insulation having 
a conductivity between 0.28 and 0.33 Btu 
])er hr sq ft F j)er in. of thickness. 

For other conditions, the thicknesses 
given in Table 1 are in accord with general 
practice applying to the same type of in- 


Table 1 


Storage temp P 

Insulation thickness 
in inches 

Northern Southern 

U. S. U. S. 

-45 to 

-15 

9 

10 

—15 to 

0 

7 

B 

D to 

15 

6 

7 

15 to 

Z5 

5 

6 

25 to 

35 

4 

5 

35 to 

50 

3 

4 

50 to 

60 

2 

3 


Bulation. Fill type insulations are generally 
used from ^ to ^ thicker. Manufacturers of 
different insulants have their own recom¬ 
mendations and will supply information 
on conductivity, moisture resistance and 
other properties. 

Unusual conditions of climate or use 
should modify the normal recommenda¬ 
tions. Roofs should have 1 in. more insula¬ 
tion than walls in northern latitudes and 
2 in. more in the South because of the 
greater equivalent temperature difference 
where the roof is exposed to the sun. 
Floors, except in first-floor freezers, may 
have 1 in. less than walls. 


Fig. 1. X^Most Economical Thickness 
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One rule of thumb method of estimating 
load or overall heat loss and hence refriger¬ 
ating capacity required, that should not be 
used unless properly modified by size fac¬ 
tors, is “so many Btu per 100 cubic feet of 
capacity.” Heat entry through insulation 
depends on total surface area times rate, 
and a cube of 1,000,000 cu ft has one-tenth 
the proportionate surface of a cube con¬ 
taining 1,000 cu ft. 

Types of Structure 

Three possible types of structure present 
as many problems for consideration: 

1. Experimental cnns.truction, used only 
through the life of the test. 

2. Temporary construction, useful up to 
five years. 

ih Permanent construction, for the life of 
the structure housing the insulation. 

Experimental construction obviously 
calls for the lowest possible investment. 
Failures due to condensation and freezing 
are unimportant, so long as they do not in¬ 
terfere with the experiment. For this pur¬ 
pose many fill type insulations, felted 
blankets and other cheap blocks are avail¬ 
able. Wood framing and cither wood, 
c 01 npo-board, or light metal sheathing may 
be employed and packed with the fill 
material. 

Temporary construction including in¬ 
sulation should not be undertaken, unless 
low cost factors arc paramount. For more 
than a brief period it will be found more 
costly in the end. 

For permanent construction, insulating 
materials used should have lasting proper¬ 
ties equal to those of the structure itself, 
which should be of brick and steel or con¬ 
crete. If wood is used it must be specially 
protected against rot, vermin, and other 
destructive agencies. 

Thermal Factors 

As stated in Chapter 5, "Fundamental 
Concepts of Heat Transfer,” conductivi¬ 
ties of all insulations depend upon the 
density and vary directly with mean tem¬ 
perature and with respect to moisture con¬ 
tent. As here used, mean temperature of 
the material is the arithmetic mean of sur¬ 
rounding air temperature and the operat¬ 
ing temperature of the room or piece of 


equipment under consideration. Rowley, 
Jordan and Ijander have reported^ that 
conductivities of typical sheet or block 
type insulants decrease about 12.6% per 
100 deg decrease in mean temperature. Ex¬ 
cept for a few chemical process and ultra- 
low temperature applications, the maxi¬ 
mum difFereiice in mean temperatures 
encountered will not exceed 50 deg F, so 
that the conductivity of insulation will not 
vary more than about 6% from one type 
of job to another. 

There will be more variation than this 
in any carload of commercial insulation 
and still more is likely as a result of differ¬ 
ing degrees of skill and care in applicators. 
Consequently there is no need in most 
cases to take the time to compute varia¬ 
tion in conductivity due to mean temper¬ 
ature. Values determined at a mean of 50 or 
60 F will be wdthin 3 or 4% of accuracy for 
almost any job. 

Variation in conductivity due to mois¬ 
ture content cannot be dismissed so easily. 
While there has not been general agree¬ 
ment on the extent to which conductivity 
is increased as the moisture content in¬ 
creases, there is full agreement that wet 
insulation is useless and a structural 
hazard. It is also agreed that unless pro))- 
crly protected against the entry of mois¬ 
ture, usually in the form of water vapor, 
nearly all insulations will soon become 
saturated, and structural damage cither 
by corrosion or the expansive action of 
freezing water will follow. 

The entry of water vapor into insulation 
is primarily the result of difference in pres¬ 
sure due to temperature. The temperature 
gradient through an insulated wall is 
proportional to the thermal resistance of 
the layers or lamina considered, in relation 
to the total resistance of all in series. This 
is shown in Fig. 2, from which it is appar¬ 
ent also that the place to put the protec¬ 
tion against moisture, usually called the 
vapor barrier, is at the warm side of the 
insulation, since most of the material be¬ 
tween that point and the cold surface is be¬ 
low the dew point. Vapor which gets 
through the barrier may, if its passage is 
not seriously impeded, continue traveling 
toward the region of still lower temperature 
and pressure, and wind up as frost on the 
cooling surfaces. Whether it does so or col- 
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QRAOIENT MTA 


resistances 

Dutw SurfKA 
Conoreta 

3' Ini. 

3'Ini. 

I/Z ' FliMi 
Inmr BiHbci 


DEW POINTS 
AT VARIOUS 



Fig. 2 . Conventional Temperature Gradient. 
(Shows that vapor barrier at B-B near warm side 
is preferable to barrier at C-C closer to cold side) 


leets in the insulation depends on the char¬ 
acteristics of the latter, the amount of 
vapor present and the presence or absence 
of more or less effective barriers. The only 
safe practice is to provide as good a seal 
or barrier on the warm side of the insula¬ 
tion as is practicable. It follows that the 
absence of vapor barriers or surfaces of 
low permeability between the warm side 
and the cold surface is de.sirablc. 

One type of installation that requires 
special treatment is an enclosure which is 
alternately warmer and cooler than its sur¬ 
roundings. If the temperature differences 
are large, and particularly if high humidi¬ 
ties are involved, present state of knowl¬ 
edge indicates that light sheet metal sur- 
facings with joints soldered or welded are 
required. In railroad car design there is a 
tendency toward assuming that because 
of vibratory strains, sealed surfaces will 
not remain tight, moisture will enter and 
must be allowed to escape. 

All materials resist the passage of gases, 
yet all materials allow it to some degree. 
Moisture in the atmosphere performs as a 
gas, having the property of diffusing 
throughout the gases of the air, and 
through most materials at a fairly rapid 
rate. Moisture will diffuse and pass 
through barriers at a rate proportional to 
its vapor pressure and inversely propor¬ 
tional to the resistance of the barrier. 


Vapor pressure refers to tlie jiressure of the 
moisture (or steam) only, independent of 
the air. The rate at which moisture will 
pass through some materials is shown on 
page 256. 


Table 2. Vapor Pressure Values 


Temper- 

ature, 

F 

Water 

vapor 

pressure at 
saturation, 
lb per sq ft 

Temper¬ 

ature, 

F 

Water 
vapor 
pressure at 
saturation, 
lb per sq ft 

-45 

0.205 

30 

11.62 

-40 

0.26B 

35 

14.40 

-35 

0.367 

40 

17.50 

-30 

0.496 

45 

21.25 

-25 

0.669 

50 

25.61 

— 20 

0.B92 

55 

30.B2 

-15 

1.1B2 

60 

36.9 

-10 

1.562 

65 

43.9 

- 5 

2.05 

70 

52.3 

0 

2.67 

75 

61.B 

5 

3.46 

BO 

73.0 

10 

4.45 

B5 

85.7 

15 

5.72 

90 

100.7 

20 

7.26 

95 

117.2 

25 

9.22 

100 

136.7 


From Table 2 it is apparent that quite 
considerable pressures are involved in 
most refrigerated structures. The pressure 
differential between water vapor in the air 
at 80 F and S0% relative humidity and at 
0 F and 85% redative humidity is slightly 
over 56 lb per sq ft. 

Fig. 3, representing the same construc¬ 
tion .as in Fig. 2 but with two temperature 
gradients ((a) as in Fig. 2 for 6-in. insula¬ 
tion, with a conductivity of 0.27, ami (b) 
for 6-in. insulation with a conductivity 
of 0.60), illustrates that within the con¬ 
ductivity range of the commercial insul- 
ants (0.27 to 0.45) the location of the vapor 
barrier need not change, even though there 
i.s a considerable change in the amount of 
heat flowing. However, if the structural 
part of the wall supplies enough of the total 
resistance to cause a temperature drop 
through it equal to or exceeding the as¬ 
sumed dew point depression (as in gradient 
b if relative humidity is 80%), then the 
vapor protection must be on its outside 
.surface. For Fig. 3, the gradient figures 
and heat flow rates for both insulations 
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DEW POINT AT BOIL 



Fig. 3. Gradient Variation with Change 
in /z of 120% 


and fur thp wall uninsulated are: 



a 

Resistances 

b 


Ins. 

Ins. 


(A: =.27) 

(A: =.60) 

Outside surfjice 

.20 

.20 

Ciuicrete wall 10/12 

.85 

.85 

6-in. in.sulatioii 

22.2 

10.00 

4-ii». neincnt fini.sh 

.05 

.05 

Inside surface 

.60 

.60 

Totals 

28.0 

11.7 

Heat fluw = Af//i’ 

= lJtu per lirsq ft 

3.35 

6.84 


to 25 deg F of overall temperature differ¬ 
ence. 

The amount required varies consider¬ 
ably depending on the location. In humid 
climates more insulation is needed, as will 
be seen from Fig. 4. As an example, with 
the air temperature at 80 F, and 85% rela¬ 
tive humidity, the dew-point depression is 
approximately 4.0 deg, while if tlie relative 
humidity is 60% the dew-point depressi[)n 
is about 14.5 deg. To get the niininiuiu 
tliiekiiess of insulation foi- eafli eonditiuii, 
pick out the dew-point depression at left 
side of figure, run a line liorizontally to 
the overall tBinf)erature difference line, say 
80 F if refrigeration tempei atui'e is 0 l\ ami 
drop to l)ottom of chart. For flat surfaces 
and 4.6 deg rlew-point flepression the thick¬ 
ness is 8.5 in., but for 14.5 deg ilew-point 
deyiression it is just under 1 in. 

One thing that cannot be done is to in- 

Temperature Drops 


c 


Unins. 

a 

h 

c 

.20 

0.7 ling 

1 .4 deg 

!) .8 deg 

.85 

2.8 

5.8 

41 .2 

— 

74.3 

68.4 

— 

— 

0.2 

0.4 

— 

.00 

2.0 

4.0 

21). 0 

1 .65 

80.0 ilcg 

80.0 deg 

80.0 ilcK 

48.5 

_ 

_ 

_ 


If only one i)f)int of the gradient needs to 
be determined, as for example the tempera¬ 
ture of the cooler surface of the concrete 
wall in Fig. 3, a simple proportion will give 
it. If insulation of a conductivity of 0.45 is 
being considered (/i = 15.0 and the resist¬ 
ance of surface and wadi is 1.05), then 
80 (1.05/15.0x80) =74.4 F, which is just 
above the dew' point for the assumed 
conditions. 

Surface Condensation 

To prevent condensation on the outside 
surface of insulated equipment or rooms 
requires the use of a sufficient thickness of 
insulation to insure that the temperature 
drop from the surrounding air to the insu¬ 
lation surface is less than the dew point de¬ 
pression. For ordinary conditions this 
means about 1 in. of insulation for each 20 


sulatc heavily enough to prevent conden¬ 
sation under any conditions. To stop con¬ 
densation at 100% relative humidity 
would require an inlinite thickness of in¬ 
sulation, since the heat flow would have to 
be nil. 

Foundations and Freezer Floors 

For storage temperatures of 25 F and 
higher, foundations and areas beneath 
floors present no dilTerent problems than 
in non-refrigerated buildings. When the 
sub-floor is on the ground it is particularly 
desirable to use an insulation that absorbs 
a minimuin of moisture, or provide thor¬ 
ough waterproofing beneath it. If freezer 
space is contemplated on or below grade, 
consideration should be given to the pos¬ 
sibility of freezing the ground and heaving 
the floor or column and wall footings. Ac- 
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Fig. 4. Insulation Thickness to Prevent Surface Condensation 


APPROX REL HUM RELATED TO OPPOSITE SCALE CDB“75- 
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cording to Cooling and Ward^ the risk of 
this happening becomes considerable with 
storage teniperatures below 15 F, of course 
being greater as tlie temperatures go lower. 
The most unfavorable soils are of the fine¬ 
grained type such as fine sands, silts and 
clays. 

Positive drainage is essential and must 
be provided for by the use of gravel or 
cinder fills plus drain tile, if there is any 
reason to fear seepage of gjound water. 
For ](jw-ti‘iiiperature freezing or holding 
rooms a depth of dry fill of (i ft beneath tlie 
concrete floor slab is not excessive, al¬ 
though the use of heavier insulation on the 
Moor would be a way of reducing the depth 
of fill. What is needed is to balance the heat 
subtracted from the ground beneath the 
floor with the heat flowing into the cooled 
area from the surrounding earth, so that a 
temj)erature f)f 32 F or lower is not reached 
in the ground beneath the dry fill. If it is, 
and there is moisture present, layers of ice 
form and build up in thickness, mainly 
drawing water from the surrounding area 
by cajiillary action. 

In extreme eases where freezer rooms 
have to be on the lowest floor and the 
ground water level may apijroach the sub- 
floor slab, the only way to be safe is to 
j)rovide for supplying enough heat beneath 
the floor insulation to balance that flow¬ 
ing up into the cold room wlicn the grounil 
temperature is 33 to 35 F. 

This can be done by making the sub- 
floor slab a form of panel heating. Non- 
corroding j)ipc or tubing in the concrete 
carrying heaterl oil is being used by one 
engineer in the Mid-West to meet such 
conditions and seems a simple, effective 
and reliable method. Other suggestions in- 
cluile electric strip lieaters and air chan¬ 
nels l)eiie;ith the slab carrying heated air. 
The ilesigner confronted by such a prob¬ 
lem will find it helpful to consult Pro¬ 
fessor 0. F. Kayaii’s paper on “Temj)era- 
tures and Heal Flow for a Concrete Slab 
with Imbedderl Pipes. 

One tyj)e of insulation that has to be 
consiilereil separately is known as reflec¬ 
tive insulation. There are many variations 
but all dei)end on surfaces having low 
eini.ssivities or high reflective values for 
radiant heat. The principle is m)t new and 
was used to some extent in laboratory ex¬ 


periments before 1890. The Dewar flask 
which utilizes the reflective effect of 
silvered glass surfaces plus a vacuum be¬ 
tween them was invented in 1892. 

In present day practice reflective insula¬ 
tion may be metal foils, foil clad paper or 
metal sheets. Thicknesses range from 
0.0003 in. to 0.006 in, or more. Methorls of 
installation range from crumpling foil by 
hand and packing in the space to be filled 
to ap|)lying foil or sheets to wood or other 
spacer.s. Aluminum has been userl more 
than any other metal but lead-tin coated 
steel sheets have also been used anil Wilkes'* 
mentions in adilition platinum foil, nickel 
foil, anil gold foil as suitable for high 
temperature experimental work. 

The use of reflective surfaces to reduce 
transfer of heat by radiation requires 
tliat there be an air space facing the sui- 
face. If both surfaces of the si)ace have 
low einissivities of the order of 0.05 to 0.10, 
the radiant transfer is greatly reduced and 
the main transfer is by conduction through 
the air and by convection. 

By tlie use of multi|)le spaces a high 
resistance to heat flow is develojjed. The 
effectiveness of the construction depends to 
a. certain extent on position and dimensions. 
In horizontal position with heat flow down¬ 
ward, as in the ceiling of a cold l ooin, there 
is little convection, and the width of the 
spaces is important. WilkCvS^ show's that 
with a mean temperature of 75 F and sur¬ 
face einissivities of 0.05, five spaces give 
aiiproximately the following coiiductances: 


Width of 



Conduciani 

re 



spavv 









^ in. 

0 

.10 

Htu 

per 

hr 

sq 

ft 

V 

} in. 

0 

.07 

Btu 

per 

hr 

sq 

ft 

F 

U in. 

0 

.03 

Bill 

per 

hr 

sq 

ft 

F 


In a vertical position the } in. and 1 n in. 
.spaces are of nearly equal value. Increasing 
the space beyond Ig in. would have little 
effect while decreasing it below i in. w'ould 
increase the heat transfer. 

Protection against moisture is required 
for reflective insulation as much as for any 
other. The value depends on retention of 
the low emissivity wdiich would be greatly 
increased by corro.sion or dirt. According 
to Taylor and Edwards:'’ "A piece of 
aluminum may liaA^c very high reflectivity 
for visible light and low reflectivity for 
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iiifra-red radiation or it may have only 
Itiir refleotivity for light and be an excel¬ 
lent leflector of infra-red radiation, do- 
pending on the presoilee or absence of sur- 
laeo films.” 

Piping and Vessels 

The insulation of piping, tanks and ves¬ 
sels differs in one important respect from 
insulating rooms and buildings. In the case 
of the latter, the applicator is nearly always 
liuihlirig inwards, that is, from what will 
be the warm surface of the insulation to¬ 
ward what will be the cold side. His prob¬ 
lem is primarily to make vapor-tight, or 
nearly so, the surface of the first layer of 
insulation itself. Exactly the reverse is 
true on piping and tanks, and it is the. 
outer finish or protection that will deter¬ 
mine to a large degree the permanence of 
the job. 

Only two general types of insulation 
have been used to date with any success on 
piping and vessels: 

1. The relatively solid type made com¬ 
mercially in the form of semi-eyliiidrical 
sections for pipes and as bevelled lags and 
bh)cks for large pipes, vessels and tanks; 

2. The comparatively soft, springy 
blanket type typifiial b}^ liair felt. Recently 
there has been some use of felted mineral 
wool blanket,y, applied in much the same 
manner as hair felt. 

Engineers designing a job, nr owners 
buying insulation, must make their owm 
choice between the two, for undeniably 
there have been first clas.s in.stallations of 
both types giving long continued good 
si'rvice. It is ecjually undeniable that there 
is considerably Jiiore difficulty in making 
sure of a good protective seal against 
moisture over the softer type of material. 

Fittings are insulated either by eovering 
them with molded nr milled jackets of the 
same material as the sections of pipe in¬ 
sulation, or by wrapj)ing them with one of 
the blanket type materials. In either case 
it is necessary to take particular precau¬ 
tions that the sealing be good where there 
are projections of metal through the insula¬ 
tion, such as valve stems, hangers, etc. 

Table 3 gives heat transmission values 
for solid sectional type insulation having a 
nominal thermal conductivity of the order 
of 0.30 Btu per hr per sq ft of surface per 


deg F temperature difference between sur¬ 
faces. Table 4 shows minimum spacing 
that must be allowed to permit proper ap¬ 
plication and sealing of pipe insulation. 

The insulation of water piping required 
to prevent freezing when the pipe is ex¬ 
posed to low atmospheric temperatures is 
shown in Table 5 for both tj'pes of insula¬ 
tion. It must be remembered that if there 
is no flow^ of water and the surrounding 
temperatures remain low', no amount of 
insulation will prevent freezing. 

Insulation thicknesses to prevent sur¬ 
face condensation are shown in Fig. 4. To 
figure any special case it is nci;essary to 
know the dew-point depression in degrees 
below the expected ambiiMt, the overall 
temperature difference and the commercial 
conductivity of the insulation it is pro¬ 
posed to use. The surface resistance value 
can be taken as 0.65, which gives satisfac¬ 
tory results and provides a sliglit margin of 
safety in most cases. For flat or large diam¬ 
eter surfaces the equation is 

j = 0.05/5 ^~ ’ 

wliere .r-Thiikiiess i)f iiisufiition 

A: = CuiuJui.tivity of iiisulalion 
/fl=Air temptuiilure (ambient) 

L = Teinpenibure of surfarc to be in¬ 
sulated, fj eipiently called operating 
temperature 

=allowal)le tempiiiaiure of outer 
.surface of insulation. 

Fur pipes or vessels of moderate and 
small diameter there is no simple equation 
as the eipiivalent thickness, log, {t^/Ti) 
must be used in plaee of x. In this expres¬ 
sion T 2 is the radius of the outer surface of 
the insulation and r, is the radius of the 
surface to be insulated. 

The effect of diameter is small for small 
temperature differences but becf)mcs con¬ 
siderable as ?D increases. Fig. 7 illus¬ 
trates this for one value of U — ia- 

Several applications of in,Hulation to 
tanks and vessels are shown in Figs. 5 and 
6. Recommended methods vary somewhat 
between manufacturers of different insul- 
ants but the examples shown are quite 
representative. 

Application Specifications 

Typical specifications arc as follows: 

The surface to be insulated shall be bru.shcd 



2B6 


PART III. COMPONENTS 


Table 3,. Heat TransmisBLon through Sectional Pipe Insulation 

The rates □! boat tranamiMion Riven below are expreaaod in Btu per aq ft (and alao per linear ft), per hr p. i . _e 
temperature difference between fluid in the pipe and air aurrounding the pipe. In the caae of screwed flttinga, wher^ ac 
proportion of fittings to pipe ia not unusually high, no great error will be introduced by figuring amall fittings, euch 
aa ella and teea, aa 1 linear ft of pipe; and larger fittings, valves, crosaea, etc., as 1) linear ft. Reference to a tabic of 
arcu will b« necesaary in computing radiation equivalents for flanged fittings. Conductances in this table are baaed on 
an insulation conductivity of 0.30 Dtu per hr aq ft deg F per in. of thickneas. 


Pipe 

size 

in. 

Ice water thickness 

Brine thickness 

Special or heavy 
brine thickness 

Btu per 
lin ft 

Btu per 
sq ft 
pipe 
surface 

Btu per 
sq ft 
outer 
surface 

Btu per 
lin ft 

Btu per 
sq ft 
pipe 
surface 

Btu per 
sq ft 
outer 
surface 

Btu per 
lin ft 

Btu per 
sq ft 
pipe 
surface 

Btu per 
sq ft 
outer 
surface 

h 

.110 

.502 

.105 

.098 

.446 

.075 

.087 

.394 

.051 

1 

4 

.119 

.431 

.101 

.111 

.405 

.085 

.094 

.340 

.051 

1 

.139 

.403 

.IIB 

.124 

.352 

.086 

.104 

.294 

.053 

11 

.155 

.357 

.118 

.131 

.300 

.077 

.113 

.260 

.054 

11 

.174 

.351 

.133 

.134 

.270 

.073 

.118 

.238 

.053 

2 

.200 

.322 

.139 

.151 

.244 

.077 

.134 

.214 

.057 

21 

.2ZB 

.303 

.145 

.170 

.226 

.081 

.147 

.197 

.059 

3 

.269 

.293 

.158 

.186 

.202 

.079 

.162 

.176 

-059 

31 

.295 

.282 

.161 

.191 

.183 

.073 

.176 

.167 

.061 

4 

.294 

.248 

.140 

.209 

.176 

.076 

.182 

.154 

.058 

5 

.349 

.239 

.148 

.241 

.165 

.080 

.202 

. 138 

.057 

6 

.404 

.233 

.154 

.259 

.150 

.076 

.228 

.130 

.060 

a 

.455 

.201 

.139 

.318 

.140 

.081 

.263 

.116 

.059 

10 

.559 

.19B 

.147 

.383 

.135 

.086 

.309 

.110 

.062 

12 

.648 

.194 

.150 

.438 

.131 

.088 

.364 

.108 

.067 

14 

.670 

.182 

.142 

.487 

.132 

.093 

.392 

.107 

.068 

16 

.750 

.179 

.143 

.542 

.130 

.094 

.434 

.104 

.069 

IB 

.B33 

.176 

.145 

.604 

.127 

.096 

.476 

.102 

.070 

20 

.919 

.175 

.146 

.661 

.126 

.097 

.520 

.100 

.071 


Table 4. Minimum Spacing Requirements 


Insulation thickness 

Space required 
between parallel 
pipes 
in. 

Space required 
between pipe and 
adjacent surfaces 
in. 

Ice Water Thickness (1^ in. to 2 in.) 

Up to 6-in. pipe—screwed fittings 

7 

5 

Larger than 6-ia. pipe—screwed fittings 

11 

6 

All pipe sizes—flanged fittings 

12 

8 

Brine Thickness (2 in. to 3 in.) 

Up to 6-in. pipe—screwed fittings 

9 

7 

Larger than 6-in. pipe—screwed fittings 

15 

9 

All pipe sizes—flanged fittings 

16 

10 

Heavy Brine Thickness (3 in. to 4 in.) 

Up to 3-in. pipe—screwed fittings 

11 

9 

Larger than 3-in. pipe—screwed fittings 

19 

13 

All pipe sizes—flanged fittings 

20 

14 


free of all loose and foreign materials and 
shall be thoroughly dry. Rough surfaces shall 
be filled out with a coat of Portland cement 
plaster consisting of one part Portland ce¬ 
ment and two and one half parts clean sharp. 


sand. When dry the surface shall be primed 
wdth u thin coat of asphalt primer. For each 
10 ft of wall height, a horizontal support 
shall be bolted to the wall to carry weight of 
insulation above. 
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Table 5. Insulation to Prevent Freezing of Water in Pipes 

No thicknesB of any type of inaulation will prevent freezing if there is no flow of water and the Burroimding tempera¬ 
ture remaine low long enough. 

The two tablBH ahown are baaed upon (A) ubb of Bectional pipe insulation having a conduotivity of approximately .31 
Btu per hr aq ft T per in. uf thicknee^ and (11) hair felt or other flexible blanket having a conductivity ol about .27. 

Figures are baaed on air at —20 F, or a temperature difference of 62 deg, with entering water at 42 F. The time 
shown to lower water to 32 F ia much leas than would be needed to freeze all the water in the pipe, but when freedng 
atarta the danger point has been reached. 


Steel 

pipe 

size, 

in. 

A 



B 


Insulation 

thickness 

Btu per 
hr F per 
lin ft 

Hours to 
cool from 
42 to 32 
deg F— 
no flow 

Lb water 
flow per hr 
per lin ft 
to prevent 
freezing 

Insula¬ 
tion, no. 
of layers 
each nom 
1 in. thick 

Btu per 
hr F per 
lin ft 

Hr to 
cool from 
42 to 32 

F—no flow 

Lb water 
flow per hr 
per lin ft 
to prevent 
freezing 

h 

Ice Water 

0.110 

0.43 

0.63 

2 

.0895 

.417 

.537 


Brine 

0.09B 

0.52 

0.56 

3 

.0747 

.500 

.448 


Heavy Brine 

0.087 

0.73 

0.50 

4 

.0660 

.565 

.396 

1 

Ice Water 

0.139 

0.78 

0.79 

2 

.1125 

.825 

.675 


Brine 

0.124 

0.90 

0.71 

3 

.0911 

1.02 

.548 


Heavy Brine 

0.104 

1.20 

0.59 

4 

.0798 

1.16 

.480 


Ice Water 

0.174 

1.27 

0.98 

2 

. 1400 

1.40 

.840 


Brine 

0.134 

1.72 

0.76 

3 

.1126 

1.74 

.676 


Heavy Brine 

0.118 

2.04 

0.67 

4 

.0972 

2.02 

.5B3 

2 

Ice Water 

0.2OO 

1.69 

1.14 

2 

.1586 

1.94 

.952 


Brine 

0.151 

2.31 

0.86 

3 

.1244 

2.48 

.747 


Heavy Brine 

0.134 

2.71 

0.76 

4 

. 1063 

2.90 

.638 

3 

Ice Water 

0.269 

2.73 

1.53 

Z 

.2062 

3.25 

1.237 


Brine 

0.1B6 

4.02 

1.06 

3 

.1572 

4.27 

.943 


Heavy Brine 

0.162 

4.68 

0.93 

4 

.1322 

5.08 

.793 

4 

1 Ice Water 

0.294 

4.08 

1.68 

2 

.2450 

4.55 

1.470 


Brine 

0.209 

5.84 

1.19 

3 

.1850 

6.02 

1.110 


Heavy Brine 

0.1S2 

6.77 

1.04 

4 

. 1548 

7.20 

.929 

6 

Ice Water 

0.404 

6.45 

2.30 

2 

.3302 

7.35 

1.981 


Brine 

0.259 

10.01 

1.4B 

3 

.2434 

9.88 

1.460 


Heavy Brine 

0.22B 

11.61 

1.30 

4 

.19B4 

12.20 

1.191 


Ice Water 

0.455 

9.75 

2.60 

2 

.4100 

10.05 

2.460 


Brine 

0.31B 

14.00 

1.82 

3 

.2960 

13.90 

1.776 


Heavy Brine 

0.263 

17.00 

1.50 

4 

.2390 

17.25 

1.434 

ID 

Ice Water 

0.559 

12.22 

3.20 

2 

.4930 

13.00 

2.960 


Brine 

0.383 

17.95 

2.20 

3 

.3536 

18.10 

2.122 


Heavy Brine 

0.309 

22.32 

1.76 

4 

.2B3D 

22.70 

1.698 

12 

Ice Water 

0.64B 

14.80 

3.70 

2 

.5720 

15.80 

3.432 


Brine 

0.438 

22.12 

2.50 

3 

.4090 

22.20 

2.454 


Heavy Brine 

0.364 

26.80 

2.08 

4 

.3222 

28.10 

1.933 


Insulation shall consist of — inches of 

---applied in — layers. Eaeh sheet 

shall be dipped on hack surface only in hot 
asphalt at a tcinpcrature of ).{50 to 400 F, and 
immediately pressed firmly into place. Adhe¬ 
sion shall he uniform over entire area. 

The second layer is to be similarly applied 
to wall over the first layer, with all joints 
staggered in relation to each other. The 
sheets may he additionally secured to each 
other by wood skewers and with galvanized 
nails through caps to treated wood grounds 
l)olted to the wall. 

All joints must be tightly butted and all 
voids eliminated. Surfaces of the insulation 
shall he made smooth to receive finish. 


Finish over the exposed surface of insula¬ 
tion shall be a Portland cement finish, applied 
in two coats. The first coat shall be thin and 
well scratched. The seeoiid coat shall be float 
finished and blocked off in squares of suitable 
size. 

Appendix A 

Derivation of McMillan’s formula for eco¬ 
nomic thickness. 

Let cost of refrigeration or heat entry equal 
H/, and 






Fig. 7. Effect of Diameter on Insulation Thicknesa Required 
to Prevent Condensation 
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wlifire 

rf = hours operation per year X X fost oi 
refrip per ton ilay 

Ysmoo" 


^- ^+(,=0 

dx [x^-RkY 

-ak^bix -f UkY^ 0 or nk = b{x-\~ Rk) * 

Dividing through by h Miul extraeting the 
square root of both tei Jiis, 


X = Thickness of insulation in inches 
fc = Conductivity of insulation in 
Btu/hr ft=«F/in. 

R=Sun\ of all thermal resistances aside 
from insulation 

1) = Cost per year per inch of insulation per 
sq ft 


Let the cost of insulation per square foot per 
year equal N, and N = hx-{ C. Let .v = total 
rost per year = M -\-N 


M-\-N=- 


±+ii 


ak 

+6i + C= y; + 

x-^Rk 


DilTei'cntiatiiig and equaling the first ileriva- 
tiv(‘ to zero: 


(-) =.+«. 

Therefore for most economical thickness, 
x^iak/hYi-^-Rk. 
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16 . PIPE AND PIPING 


T his chapter deals with piping as a 
means of oonveying fluid. Piping is also 
used as heat transfer surface, which use is 
treated in Chapter 5. Dimensions and 
construction details are the same for both 
u.ses, but other considerations differ. 

The design of piping as a means of con¬ 
veying fluid involves consideration of the 
following factors: Size, materials, strength, 
method of assembly, expansion and con¬ 
traction, supports, protection against dam¬ 


age, control of How, convenience, and re¬ 
strictions imposed by codes, laws and regu¬ 
lations. 

1. The size of pipe is determined prin¬ 
cipally by the permissible frictional pres¬ 
sure drop. How much drop is jjermissible 
depends on the cost of overcoming it. In 
refrigerant suction lines, whatever pres¬ 
sure droj) occurs increasf‘s the power input 
per unit of refrigeration, and decreases ca¬ 
pacity of apparatus, and it is generally eco- 


Table 1. Dimensions of Welded Seamless Steel Pipe (ASA B36.1019-39) 


Nominal 
pipe size, 
in. 

Outside 

diameter, 

in. 


Naminal Wall Thickness for Schedule Numbers, in. 


10 

20 

.30 

40 

60 

BO 

100 

120 

140 

160 


0.405 




0.068 


0.095 





i 

0.540 




O.OBB 


0.119 






0.G75 




0.091 


0.126 





1 

0.840 




0.109 


0.147 




0.187 

.1 

4L 

1.050 




0.113 


0.154 




0.218 

1 

1,315 




0.133 


0.179 




0.250 

H 

1. GGO 




0.140 


0.191 




0.250 

D 

1.900 




0.145 


0.200 




0.281 

2 

2.375 




0.154 


0.218 




0.343 

21 

2.875 




0.203 


0.276 




0.375 

3 

3.5 




0.216 


D.3D0 




0.437 


4.0 




0.226 


0.318 





4 

4.5 




0.237 


0.337 


0.437 


0.531 

5 

5.503 




0.258 


0.375 


0.500 


0.625 

G 

6.G25 




0.280 


0.432 


0.502 


0.718 

S 

8.625 


0.250 

0.277 

0.322 

0.406 

0.5DO 

0.593 

0.718 

0.812 

0.906 

10 

10.75 


0.250 

0.307 

0.365 

0.500 

0.593 

0.718 

0.843 

1.000 

1.125 

12 

12.75 


0.250 

0.330 

0.406 

0.562 

0.687 

0.843 

1.000 

1.125 

1.312 

14 OD 

14.0 

0.250 

0.312 

0.375 

0.4.37 

0.593 

0.750 

0.937 

1.062 

1.250 

1.406 

IG OD 

IG.O 

0.250 

0.312 

0.375 

0.500 

0.656 

0.843 

1.031 

1.218 

1.437 

1.502 

18 OD 

18.0 

0.250 

0.312 

0.437 

0.562 

0.718 

0.937 

1.156 

1.343 

1.562 

1.750 

20 OD 

20.0 

0.250 

0.375 

0.500 

0.593 

0.812 

1.031 

1.250 

1.500 

1.750 

1.937 

24 OD 

24.0 

0.250 

0.375 

0.562 

0.687 

0.937 

1.218 

1.500 

1.750 

2.062 

2.312 

30 OD 

30.0 

0.312 

0.500 

0.625 









The deeimal thicknesHBH liHbed for the respective pipe hi ze.s represent their nominal or average wall dimensions. 
For toleranees on wall thicknesseH see appropriate material SDecifications. 

Thicknesses shown in bold face type in Bchedules-SO ana 40 are identical with thicknesHea for "standard weight" 
pipe in former lists; those in Schedulea-dO and BP are identical with thicknesses for "extra strouE" pipe in former lists. 
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PART III. COMPONENTS 


Table 2. Dimensions of Brass Pipe 

(ASTM B43) 


N ominal 
pipe size, 
in. 

Outside 

diameter, 

in. 

Wall thickness, in. 

Extra 

Regular strong 


0.405 

.062 

.100 


0.540 

.0B2 

.123 

H 

0.675 

.090 

.127 

i 

0.B40 

.107 

.149 

i! 

i 

1.050 

.114 

.157 

1 

1.315 

.126 

.182 

li 

1.660 

.146 

.194 

u 

1.900 

.150 

.203 

2 

Z.375 

.156 

.221 

A 

Z.875 

.187 

.2B0 

3 

3.500 

.219 

.304 

31 

4.000 

.250 

.321 

4 

4.500 

.250 

.341 

5 

5.563 

.250 

.375 

6 

6.625 

.250 

.437 

8 

B.625 

.312 

.500 

10 

10.750 

.365 

.500 

IZ 

12.750 

.375 

— 


Table 3. Dimensions of Copper Tubing 

(AHA 111:3.1-15M1 m AHTM 13S8) 


Nominal 

Outside 

Wall thickness 

, in. 

size, 

diameter, 




in. 

in. 

Type K 

Type L 

Type M 


.250 

.032 

.025 

.025 

i 

.375 

.032 

.030 

.025 

li' 

.500 

.049 

.035 

.025 

\ 

.625 

.049 

.040 

.028 

1 

.750 

.049 

.042 

.030 


.B75 

.065 

.045 

.032 

1 

1.125 

.065 

.050 

.035 

li 

1.375 

.065 

.055 

.042 

li 

1.625 

.072 

.060 

.049 

2 

2.125 

.083 

.070 

.058 

2i 

2.625 

.095 

.OBO 

.065 

3 

3.125 

.109 

.090 

.072 

3i 

3.625 

.120 

. 100 

.083 

4 

4.125 

.134 

.110 

.095 

5 

5.125 

.160 

.125 

. 109 

6 

6.125 

.192 

. 140 

.122 

B 

B.125 

.271 

.200 

.170 

10 

10.125 

.33B 

.250 

.212 

12 

12.125 

.405 

.2B0 

.254 


nomical to hold the pressure drop to a 
minimum. In refrigerant liquid lines a sub¬ 
stantial pressure drop is permissible and 
in/olves no penalty, so long as the line 
will fleliver the rerpiired amount of liquid 
to the evaporator. In water anti brine lines, 
tlie cost of extra puin])ing head to over- 
coine tlie pressure drop must be balaniaul 
a/^ainst the eost of providing larger liniis. 
In all cases where an economic balance is 
involved, the load factor must be taken 
into account. 

Pressure drop depends on these factors: 
quantity, density and viscosity of the 
fluid, diameter, roughness and length of 
the pipe. Determination of pressure drop 
as a function of these factors is treated at 
length in Chapter 0. Length must inchnle 
the equivalent length of valves, fittings, 
etc., as given in Fig. 1. Pipe anti tubing 
come in certain ‘'nomiiiar’ sizes which are 
given in Tables 1, 2 and 3. 

Tables 4a, 4b and 4c give quantities 
(tons of refrigeration for refrigerants; g|)Tii 
f[)r water and brine) wdiich will give :i 
jjressure drop of 1 psi in flowing through 
a 2-in, Schedule-40 steel pipe 100 ft long 
(including equivalent lengths). Table 5 
gives the multiplier. Mi, to apjdy to the 
flow in the 2-iii. Schedule-40 steel pii)e 
to obtain the same pressure drop in other 
nominal sizes of pipe and tubing. This pres¬ 
sure drop is rather high for refrigerant suc¬ 
tion gases except for very short runs, and 
somewhat low for liquids except for very 
long runs. Table 6 gives the multi])lier, 
to api)ly to flow for obtaining other pres¬ 
sure drops. 

For example, suppose it is desired to 
determine the quantity of flow of saturated 
ammonia vapor at 20 psig which will give 
a pressure drop of 1 psi in a 4-in. Schedule- 
40 steel pipe 200 ft long, with four elbows 
and one globe valve. The computation is 
as follows: 


Total equivalent length in linear ft 


Pipe 

200 

4 elbows at 11 ft (Fig. 1) 

44 

1 globe valve at 120 (Fig. 1) 

120 

Total 



Perrnis.sible pressure drop per 100 liii ft 
= 1/3.64 =.275. 
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Fig. 1. Pressure Drop, Water Flow in Various Fittings 

Exaniijli*: R-iii. elbow is iM]uivjih*iil it: IRJ ft of KtniiKlU pipe 


3Ctou 

2Lll\t 


IH- 

III—I 

n _ 


e 
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Multiplier for jtressure clroj) (Table 0) 
A/z = .49. 

Multiplier for 4-in. Schedule-40 pipe 
(Table 5) M,=5.9. 

Toniijige in 2-in. Schedulc-40 pipe for 
1 psi, pressure drop per 100 lin ft (Table 
4 !x) =32.4 tons. 

Tonnage in 4-in. Schedule-40 pipe for 
conditions given, 32.4 X 0.49 X 5.9 = 93.7 
tons. 

A similar computation can be used to 
determine pipe size by solving for Mi and 
referring to Table 5, although this involves 
trial and error in determining equivalent 
lengths, since these are different for the 


.same type of fitting in different sizes. 

The above formulation must be used 
with judgment and discretion, and if exact 
pressure drops are important, the method 
in Chapter 0 should be userl, after de¬ 
termining approximate Lsize by the method 
given. However, for ordinary sizing of pipe, 
there is such a great difference in pressure 
drop for a given flow between adjacent 
sizes that by using the above method, and 
picking the size which most nearly exceadu 
that indicaterl, the jjroper result will be 
obtaineil. In cases of doubt, oversizing i.s 
preferable to undersizing. 

2. Materials commonly used in re- 



Table 4a. Saturated Vapors. Flow Giving 1-psi Pressure Drop per 100 lin ft in 2-in. Schedule-40 ("Standard”) Steel Pipe 
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"Lb per hr” la in 2-in. Schedule-40 ateel pipe with 1-psi pressure drop per 100 linear feet. 

"Tone refrig” is based cn 86 F liquid up to expansion valve. 

Tables 4a, 4h and 4c, except data on Frecin-22, were prepared by Mr. M. H. Golber, and are based o.t viseo.sity and density data and farmiilatinr apiwaring in 1942 Refri^er- 
oiinff Daia Bcrafc. Frecn-22 added from information received from Kinetic Clieniicals. Inc. 

























Table 4b. Superheated Vapors. Flow Giving 1-psi Pressure Drop per 100 Lin ft in Z-in. Schedule-40 (“Standard") Steel Pipe 
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Temperature cf campresaed vapor based upon isentropic compressicn from saturated vapor at 5 F. 

Tods of refrigeration based upon liquid at temperature correspanding to pressure to saturated vapor at 5 F. 
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Table 4c. Liquids. Flow Giving 1-psi Pressure Drop per 100 lin ft in 2-in. 
Schedule-40 ("Standard”) Steel Pipe 


Fluid 

Temp, 

F 

Density, 
Ib/cu ft 

Ib/hr 

Flow, 

gpm 

Tonsf 

Water 

32 

62.4 

15,900 

31.8 



100 

62.0 

17,100 

34.5 



212 

59.8 

17,800 

37.2 


Water, average pipe* 




25.0 


Sodium brine —10% NaCl 

25 

67.2 

16,200 

31.2 


- 15% WaCl 

15 

69.9 

16,100 

28.8 



25 

69.8 

16,300 

29.2 


- 20% NaCl 

5 

72.7 

15,500 

26.6 



15 

72.5 

15,900 

27.4 



25 

72.2 

16,350 

28.3 


Calcium brine- 10% CaCl.. 

i 30 

68.2 

15,350 

30.0 


— 20 % CaCb 

0 

74.7 

15,200 

25.4 



15 

74.5 

15,800 

26.5 



30 

74.3 

16,500 

27.7 


—30% CaCli 

-15 

81.9 

13,500 

20.6 



0 

81.7 

14,600 

22.3 



15 

81.5 

15,400 

23.6 



30 

81.3 

16,100 

24.7 


Ammonia 

86 

37.2 

14,100 


556. 

Carbon dioxide 

B6 

37.4 

17,900 


82.8 

Freon (F-12) 

86 

80.6 

21,000 


89.3 

Freon-22 (F-22) 

B6 

73.4 

2,000 


103.9 

Methyl chloride 

1 

56.3 

17,400 


218. 

Sulfur dioxide 

86 

84.4 

21,300 


251. 


• Will TT piini is subji'i'.i to Hriiln, Dni i nsiini mill tuberculuiinii. This vulue kIvess a cliise uppruxiriiiiiiDii to ths Williams 
mid Ifaxni l-iiblas, usini? C = 

t Tuns riifrigiM-iitiuii bused uii 5 1' evti|Ji)ratiiin, saturated kub, and HO F liquid. 


fri^eniiit, brine iinrl winter piping arc steel, 
wrought iron, malleiiVile iron, east iron, 
cojiper, brass, and bronze, as furnished 
under the specifications listed in Table 7, 
which is taken from the A8A B31 Piping 
Cofle. Copper and brass must not be used 
witli ammonia. Approval of use of any of 
the materials is ])redicated on refrigerants 
wliich are free from moisture ami air, and 
on brine or w ater in which the pH value is 
properly controlled or in which proper 
corrosion inhibitors are used. 

Other materials are not barred by the 
code, providing they are of suitable 
strength and chemically are suitable for 
use wdth the fluid conveyed. The code bars 
the use of magnesium base alloys with 
any Freon refrigerant; also the use of zinc. 


aluminum, die-castings and magnesium al¬ 
loys with methyl chloride. 

For temperatures below 0 F, the code 
provides that materials shall have a 
Charpy impact value at the operating tem¬ 
perature of not less than 15 ft-lb using a 
keyhole notch, but permits copper, brass 
and bronze without restrictions, and per¬ 
mits ferrous materials not meeting this 
requirement down to —100 F, provided 
the design pressure is increased 2% for 
each degree below 0 F. This permits the 
ordinary lines of cast iron refrigerant fit¬ 
tings down to -50 F without penalty. As 
to materials suitable for low temperatures, 
the code has the following to say: 

“There is a large and constantly grow¬ 
ing list of alloy compositions which meet 
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Table 5. Values of Mi Multipliers to be Applied to Flow in 2-in. Schedule-40 Steel Pipe 
to Find Flow Giving Same Pressure Drop 


Nominal 
size, in. 

Steel or wrought iron 
Schedule- Schedule- 
40, BO, Extra 

Standard Strong 

Brass 

Type 

K 

Copper tubing 

Type Type 

L M 

1 

H 

.0041 

.0022 

.0052 

.0022 

.00175 

.0021 

.0021 

i 

.0090 

.0055 

.0115 

.0059 

.0068 

.0071 

.0077 

N 

.021 

.0138 

.025 

.0157 

.0138 

.0166 

.0188 

A 

a 

.039 

.028 

.047 

.032 

.029 

.032 

.036 

H 

— 

— 

— 

— 

.052 

.055 

.060 

1 

4 

.086 

.064 

.098 

.073 

.075 

.086 

.094 

1 

.164 

.127 

.193 

.144 

.162 

.176 

.190 

n 

.33 

.27 

.38 

.31 

.29 

.30 

.32 

D 

.51 

.42 

.57 

.48 

.47 

.49 

.50 

2 

1.00 

.84 

1.13 

.95 

.99 

1.02 

1.04 


1.65 

1.37 

1.90 

1.55 

1.77 

1.83 

1.89 

3 

2.8 

2.4 

3.3 

2.8 

2.8 

2.9 

3.0 

3^ 

4.2 

3.6 

4.6 

4.2 

4.2 

4.4 

4.5 

4 

5.9 

5.1 

6.6 

5.8 

6.0 

6.2 

6.3 

5 

10.7 

9.5 

12.1 

10.6 

10.6 

11.0 

11.2 

6 

17.5 

15.3 

19.9 

16.9 

16.8 

17.6 

17.9 

8 

36 

32 

40 

35 

35 

36 

37 

10 

67 

58 

71 

66 

61 

64 

66 

12 

108 

93 

114 

— 

97 

103 

104 


thiise requiromBTitH, aiirl it hiis iif)t been 
fleemed iirlvisable to infer any limitation 
by inelufling some few of them in Table 7. 
Depending on composition and heat treat¬ 
ment, some 'carbon steels’ meet the re- 
(pjirements for a considerable range of 
temperature. In general, the 3 to 4 per 
cent nickel steels are acceptable for quite 
low temperatures, and the 18 per cent 
chrome-S per cent nickel stainless steels 
meet requirements to very low tempera¬ 
tures. Various other classes of alloys are 
also acceptable. Apparently minor varia¬ 
tions in composition and heat treatment 
make large differences in toughness at low 
temperatures.” 

A summary of available data is con¬ 
tained in “Properties of Metals at Sub- 
atmospheric Temperatures” issued in 1941 
by the American Society of Testing Ma¬ 
terials. 

3. The strength of pipe, that is, the 
thickness required in a given material for 
a given pressure, is fixed by the Piping 
Code as follows: 


I = —-- \- C 

2aS>0.8P 

wliere 

minimum pipe wall thickness in 
inches, 

P= maximum internal service pressure 
in pounds per square inch gage (plus 
allowance for brittleness at low tem¬ 
peratures and water hammer allow¬ 
ance for cast iron pipe), 

D= outside diameter of pipe in inches, 


Table 6. Values of Mn Multipliers for 
Flow to Give Other Pressure Drops 


Pressure 
drnp, psi 

.0 

.2 

.4 

.6 

.8 

0. 

.00 

.42 

.61 

.77 

.89 

1. 

1.00 

1.10 

1.20 

1.29 

1.37 

2. 

1.45 

1.52 

1.60 

1.67 

1.73 

3. 

1.80 

1.86 

1.92 

1.98 

2.04 

4. 

2.10 

2.15 

2.21 

2.26 

2.31 

S' 1 

2.36 

2.41 

2.46 

2.51 

2.56 
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Table 7. List of Material Specifications 


Material 


Specification 


Bolts 

Alloy steel 

Commeroial steel (Ijur stock) 

Wrought iron (bar stock) 

Fittings, valYes and flanges 

Cast iron flarigcH, flanged fittings and valves 
Cast iron bell and spigot fittings, and valves 
Malleablo iron 
Steel (cast carbon) 

Steel (forged) 

Brass eastings 
Bronze castings 
Pipe and tubing 

Steel, aeamlesB or weldod, for coiling or bending 
Steel, seamless or welded, for ordinary uses 
Steel, seamless or welded 
Steel, BGamlesB or widded 
Steel, seamless 

Steel, seamleHs, medium carbon 

Steel, seamleHs, alloy 

Steel, electric resistance welded 

Steel, electric resistance welded, alloy 
Wrought iron, wedded 
Wrought iron, wedded 
Cast iron (pit cast) 

Cast iron (centrifugally cast or cast horizontally in green sand molds) 
Brass (seamless) 

Copper pipe (seamleHS) 

Copper tubing 


ASTM A9B 
ASTM A107 
ASTM A84 

ASTM A12fi 
AWWA 
ASTM A197 
ASTM A27 or A95 
ASTM A105 or A181 
ASTM B02 
ASTM B61 

ASTM A53 
ASTM A120 
API 5L 
ASTM AlOfl 

ASTM A83 or A179 or Al 92 
ASTM A210 
ASTM A2i:i 
ASTM A135 or A178 or 
A214 or A22f) 

ASTM A249 
ASTM A72 
API 5L 

ASA A21.2 (ASTM A44) 
FSEC WWP-P-421 
ASTM B43 
ASTM B42 
ASTM B88 


>S = allowablo stros.s in material due to 
internal pressure in pounds per 
s(piare inch, and 

C =alh)wannc for threading, mechanical 
strength and for corrosion, in inches, 
as follows: 

Cast iron pipe ciuitrifugidly cast or casthori- 
zoiitally in green sand molds, 0.14 
Cast iron pipe, pit-ca.st, 0.18 
Threaded steel, wrought iron or non-ferrous 
pipe, g-iii. and smaller, O-Ofi; for ^-in. and 
larger, use deptli of thread. 

Grooved steel, wrought iron or non-ferrous 
pipe, use depth f)f groove. 

Plain end sieid or wrouglit iron pipe, 1-in. size 
and simdler, 0.Of); for sizes lin ger tluiii 1 in., 

o.oor). 

Plain end non-ferrous pipe or tube, zero. 

Values of N to be used for the materials 
listed ill Table 7 arc given in Table B. For 
other materials, the Piping Code gives 
rules for figuring S values. Values of serv¬ 
ice pressures to be used in the formula are 
two-thirds of the test pressures given in 
Table 9, but in no case are values of P less 
than 100 to be used. 


The thicknesses of ferrous fittings and 
valves are covered by the various ASA 
B16 standards for various services, ex¬ 
cept that refrigerant fittings anil valves 
have not been standardized, and "manu¬ 
facturers standards of long standing" are 
recognized by the Code. However, ASA 
IH6, 10 covering refrigerant fitting and 
flanges, was promulgated in 104.S and will 
be followed by all manufacturers after a 
transition period. There are ASA A40 
standards on non-ferrous solilered and 
flared coinjirnssion fittings. 

There are also certain specific require¬ 
ments set forth in the Ihjhng Code and in 
the ASA B9 Safety Code for Mechanical 
Refrigeration. Chief of these rules arc: 

Refrigerant working pressure shall not ex¬ 
ceed 250 psi in SchedulB-40 ferrous pipe and 
butt welded pipe shall not exceed 2 in. in size. 

Refrigerant liquid ferrous pipe, l^-in. and 
smaller, shall be of Schedule-80. 

Refrigerant tubing shall not be lighter than 
Type L for field assembly, or Type M for 
shop assembly. 

Soft annealed copper tubing erected on the 
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Table 8. Allowable 5 Values to Be Used in Formula to Determine Pipe Thickness 


Material 

Specification 

Value of Sf 
psi 

Steel pipe, seamless, Grade A 

ASTM A53 or 

ASTM A120 or 

ASTM A106 or 

ASTM A83 or 

ASTM A179 or 

ASTM A192 or 

API 5L 

I2,D00 

Steel pipe, seamless, Grade B 

ASTM A53 or 

ASTM A106 or 

ASTM A210 

15,000 

Steel, seamless alloy, grades Tl8, T19 

ASTM A213 

18,750 

Steel, electric resistance welded, alloy grades TlS, Tl9 

ASTM A249 

15,900 

Steel pipe, lap welded 

ASTM A53 or 

ASTM A1D6 or 

ASTM A12D or 

API 5L 

9,000 

Steel pipe, butt welded 

ASTM A53 or 

ASTM A12n 

6, BOO 

Steel pipe, electric resistance welded 

ASTM A135 or 

ASTM A17B or 

ASTM A214 or 

ASTM A226 

10,200 

Wrought iron, lap welded 

ASTM A72 or 

API 5L 

B,DD0 

Wrought iron, butt welded 

ASTM A72 

5,000 

Cast iron pipe, pit cast 

Cast iron pipe, centrifugally cast or cast horizontally 

AWWA 

4,000 

in green sand molds 

FSEC WW-P-421 

6,000 

Brass pipe, seamless red brass 

ASTM B43 

4,700 

Copper pipe, seamless 

ASTM B4Z 

4,000 

Copper tubing, seamless 

ASTM BBS 

4,000 


prcmisL's shall not bo usoii in sizes exceeding 
I in. 

Pipe thinner than Scliediile-40 ferrous, or 
regular brass, shall not Ije threaded. 

For refrigerants, cast iron shall conform to 
A STM A12G, Class B higher strength grey 
iron willi not less than 31,000 psi tensile 
strength. 

4. The method of assembly of piping 
refers to the type of joints, which may be 
screwed, flanged, welded, brazed, soldered, 
nr in small tubing by flared compression 
fittings. 

a. Screwed joints are limited by the 
Piping Code to not over 3 in. nominal size 
for refrigerant pressures 250 psi or lesSi l\ 


in. for refrigerant pressures above 2.50 psi 
and not over 4 in. for brine. Screwed-on 
flanges are not permitted in sizes larger 
than tbe above. Busbings are not per¬ 
mitted for reductions of a single pipe size. 
For screwed brass or copper refrigerant 
pipe, extra heavy fittings arc required. 
Table 10 gives dimensions of 125 and 250 
psi screwed cast iron fittings up to 4 in. in 
size. 

b. Flanged joints are used for sizes 
greater than the above, and in many cases 
for smaller sizes. There are various ASA 
B16 standards for flanged fittings for vari¬ 
ous services. The most commonly used are 
the 125 and 250 psi cast iron fittings, 
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Table 9. Test Pressures 


Refrigerant 

Chemical 

formula 

Minimum test pressure, 
psi 

High side Low side 

Ammonia 

NHn 

300 

150 

Butane 

C4H| (1 

90 

50 

Carbon dioxide 

co^ 

1,500 

1,000 

Dichlorodifluoromethane (Freon-lZ) 

CCl.F, 

235 

145 

Dichlorotetrafluoroethane (Freon-l 14) 

C 2 CI,F 4 

BO 

50 

Dichloromethane (Carrene No. 1 ) (Methylene chloride) 

CH 2 CI 2 

30 

30 

Dichloromonofluorom ethane (FrBon-21) 

CHCl.F 

70 

50 

Dichloroethylenc 

C2H2C1‘J 

30 

30 

Ethane 

C 2 H, 

1,100 

600 

Ethyl chloride 

C..HtCl 

60 

50 

Isobutane 

(CHrO.CH 

130 

75 

Methyl chloride 

CH:,Cl 

215 

125 

Methyl formate 

HCOOCH 3 

50 

50 

Propane 

CsHh 

325 

210 

Sulfur dioxide 

SO 2 

170 

95 

Trichloromonofluoromethane (Freon-11) 

CC1:,F 

50 

30 


JVtjfc; For rorriKMiniitH not. list imI in tabb, liinh-Hirii? Last pressure is saLuralii>n prcssuri) aL 150 F, low-siili- ieist prussurc 
leaLviratiun prrssurf^ at 115 1*', in no uase less Ilian 30 psi. 


(liinoiisions of wlni'h [IIP Kivori ill Fig. 2 and were stamlMnli/eil in 194S. StMinlanl rli- 
Table 11. The 150 and 300 p.si steel stand- mensioiis are given in Tables 12 ami 12A. 

ards conform to the same dimensions re- These may be cxpecterl, ilnring tlie next 

BpBctively. few years, to supersede manufacturers' 

Refrigerant flanged fittings and flanges standards which differ somewhat among 



ELL LONG RADIUS ELL 45" ELL TEE CRD55 



GATE valve globe valve CHECH VALVE FLANGE 


Fig- 2. Dimensions of Flanged Cast Iron Fittings, Flanges cmd ValyeB (see Tabje 11) 
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Table 10. Dimensions of Screwed 
Cast Iron Fittings, Straight Sizes 

ASA Birul-l!)41 



Nominal 
pipe size, in. 

A 

C 

B 

E 



G 


H 

Centei 
to end, 
elbows, 
tees and 

crosses 

Center 
to end, 
45-deg 
elbows 

Length 

of 

threa d, 
min 
in. 

Width 

of 

band, 

min 

in. 

Inside diameter 
of fitting, in. 

Min j Max 

Metal 

thick¬ 

ness,* 

in. 

Outside 
diameter 
of band, 
min 
in. 


i 

0 

B1 

0.73 

0.32 

0.3B 

0.540 

0.5B4 

0.110 

0 

93 


3 

is 

0 

95 

O.BO 

0.36 

D.44 

0.675 

0.719 

0.120 

1 

12 


1 

2 

1 

12 

O.BB 

0.43 

0.50 

0.B40 

0. B97 

0.130 

1 

34 


3 

4 

1 

31 

0.98 

0.50 

0.56 

1.050 

1.107 

0.155 

1 

63 


1 

1 

50 

1.12 

0.5B 

0.62 

1.315 

1.385 

0.170 

1 

95 

n 

li 

1 

75 

1.20 

0.67 

0.69 

1.660 

1.730 

0.185 

2 

39 

Q. 

in 


1 

94 

1.43 

0.70 

0.75 

1.900 

1.970 

0.200 

2 

68 

rM 

2 

2 

25 

1.6B 

0.75 

0.B4 

2.375 

2.445 

0.220 

3 

28 


2] 

2 

70 

1.95 

0.92 

0.94 

2.B75 

2.975 

0.240 

3 

86 


3 

3 

OB 

2.17 

0.98 

1.00 

3.500 

3.600 

0.260 

4 

62 


3^ 

3 

42 

2.39 

1.03 

1.06 

4.000 

4. loo 

0.280 

5 

20 


4 

3 

79 

2.61 

l.OB 

1.12 

4.500 

4.600 

0.310 

5 

79 


i 

0 

94 

O.Bl 

0.43 

0.49 

0.540 

0.584 

0.18 

1 

17 


3 

li 

1 

06 

O.BB 

0.47 

0.55 

0.675 

0.719 

0.18 

1 

36 


2 

1 

25 

1.00 

0.57 

0.60 

0. 840 

0. 897 

0.20 

I 

59 


3 

4 

1 

44 

1.13 

0.64 

0.68 

1.050 

1.107 

0.23 

1 

.88 


1 

1. 

63 

1.31 

0.75 

0.76 

1.315 

1.385 

0.28 

2. 

.24 

Di 

u 

1. 

94 

1.50 

0.B4 

O.BB 

1.660 

1.730 

0.33 

2. 

.73 

o 

m 

u 

2. 

13 

1.69 

0.87 

0.97 

1.900 

1.970 

0.35 

3. 

.07 

rM 

2 

2. 

50 1 

2.00 ! 

1.00 

1.12 

2.375 

2.445 

0.39 

3. 

.74 


21 

2. 

94 

2.25 

1.17 

1.30 

2.875 

2.975 

0.43 

4. 

.60 


3 

3. 

.3B 

2.50 

1.23 

1.40 

3.500 

3.600 

0.4B 

5. 

.36 


3i 

3. 

,75 

2.63 

1.2B 1 

1.49 

4.000 

4.100 

0.52 

5. 

.9B 


4 

4. 

13 

2.81 

1.33 

1.57 

4.500 

4.600 

0.56 

6. 

.61 


lieduiMiiK sizcH fur 125 |isi vary NliKlilly ami are. given in the H iHil tSlaiiilaril. 
Hediii.iiig sizes Idi- 25U psi are iinl bdvitbcI by the iStaiiiJard. 

* Minimum at any point, LU1% ol value given. 


thcMLselves but conform iiion; or les.s 
f’lospjy to tlie Htiinibiril. The Piiiiin; Code 
provides that faeiiiK of riifri|reriiiit flanges 
shall be of the retained gasket type (male 
and female, tongiie-and-Kroove, or rin^) 
and all the manufacturers’ standards are of 
the tonsue-and-groove type. It is necessary 
to match flanges to be sure they come from 
the same manufacturer and to be sure 
that one of the pair is tongued and one 
grooved, and this frequently leads to 
annoying delays and extra joints in lines 
unless it is watched carefully. It also 


requires the carrying of larger inventories 
in plants or shops using equipment from 
more than one manufacturer. 

c. Welding is practically universally ac¬ 
cepted as the stalldarfl method of assembly 
of ferrous piping systems today, except 
valves are flanged and flanged unions are 
used where di.sassembly is frequent. Rules 
for qualilication of welding procedures 
and operat[)rs are given at length in the 
Piping Code. This is a complex subject in 
itself and no brief description here would 
be other than misleading. 
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Tftbls 11. DimensionB of Flanged Cast Iron Fittings and Valves (see Fig. 2) 
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It 

lA 

ll 


H* 

— 

— 

— 

7 

n 

B 

Bl 

9 

10 

ml 

111 

13 

14 


S* 

— 

— 

— 

B 

fll 

9i 

lOl 

111 

13 

14 

19.} 

— 

— 


X 

iH 

2 A 

2iV 

3A 

3A 

41 

4}! 

5A 

6A 

7A 

9n 

Hit 



Y 

H 

a 

7 

8 

1 

11 

lA 

u 

lA 

1A 

lA 

If 

Ilf 



Z 

Same as Y 











A 

— 

— 

— 

5 

51 

6 

61 

7 

8 

Bl 

10 

Ill 

13 


B 

— 

— 

— 

6k 

7 

7} 

Bl 

9 

101 

111 

14 

isj 

19 


C 

— 

— 

— 

3 

31 

3l 

4 

4l 

5 

51 

6 

7 

8 


E 

6J 

n 

Bi 

9 

lol 

11 

121 

131 

15 

171 

20k 

24 

271 


F 

2 

2^- 

2} 

2j 

2l 

3 

3 

3 

31 

4 

5 

51 

6 


G 

— 

— 

— 

5 

51 

6 

6i 

7 

8 

9 

11 

12 

14 

a? 

J 

3i 

31 

4i 

5 

52 

62 

7t 

7l 

9k 

10^ 

13 

151 

I7f 

■S 5: 

L 

8 

8 

3 

4 

T, 

i 

} 

3 

4 

;i 

4 

3 

'* 

.1 

4 

7 

N 

1 

u 

2 1 

5 ^ 

M 

3 

i 

i 

7 

8 

.1 

'i 

7 

8 

7 

8 

8 

7 

H 

7 

H 

7 

1 

IS 

11 

wS 

PQ 

N 

4 

4 

4 

8 

8 

8 

8 

8 

8 

12 

12 

16 

16 

?•< 

O 1/2 
tn 4< 

0 

4J 

5t 

62 

6t 

71 

Bl 

9 

10 

11 

12l 

15 

171 

201 

Q 


i 

U 

7 

1 

1 

IS 


ll 

1 '* 

lA 

l8 

IS 

2 


R* 

— 

— 

— 

Si 

9l 

111 

III 

12 

15 

15S 

161 

18 

i9i 


S* 

— 

— 

— 

loi 

111 

izl 

131 

14 

151 

171 

21 

Z4S t 

zaf 


w 

2li 

3A 

3 A 

4A 

4}| 

5U 

6A 

6H 

bA 

9H 

ii!l 

14A 

16 A 


X 

2 A 

2l 

2f 

3A 

3H 

42 

51 

5i 

7 

Bl 

ml 

12^ 

I4i 


Y 


1 

Ik 

li 

lA 

1A 

1^^ 

li 

It 

iH 

2A 

2i| 

2A 


z 

0.6B 

0.76 

0. B7 

l.DD 

1.14 

1.20 

1.25 

1.30 

1.41 

1.51 

1.71 

1.92 

2.12 


A 

— 

— 

— 

5| 

61 

7 

71 

Bl 

10 

11 

13 

151 

161 


C 

— 

— 

— 

4i 

41 

5 

51 

6 

7 

71 

Bl 

9k 

10 


E 

— 

— 

— 

lOj 

111 

12| 

14 

161 

191 

21 

241 

29l 

311 


F 

— 

— 

— 

3i 

31 

4 

41 

4l 

6 

61 

7 

B 

Bi 

2 

G 

— 

— 

— 

6 

6| 

71 

71 

Bi 

101 

111 

13i 

15f 

16f 

'Q ^ 

a ■ 

J 

— 

— 

— 

5 

53 

62 

71 

Bl 

lOl 

111 

13i 

17 

ml 


L 

— 

— 

— 

1 

1 

J 

T 

8 

1 

1 

1 

ll 

ll 

ll 

— ^ 

M 

— 

— 

— 

3 

i 

1 

1 

1 

1 

IS 

ll 

ll 

If 

If 

2 ® 
?• ^ 

N 

— 

— 

— 

B 

B 

B 

B 

B 

8 

12 

12 

16 

20 


0 

— 

— 

— 

61 

71 

Bi 

9 

loi 

13 

14 

161 

20 

22 

s << 

Q 

_ 

_ 

_ 

Ik 

u 

11 

u 

Zl 

21 

21 

2f 

3l 

3S 


R* 

— 

— 

— 

uk 

13 

14 

— 

17 

— 

22 

26 

31 

33 


s* 

This dimension has not been standardized, except for check valves same as R 



w 

1 — 

— 

— 

3S 

41 

5 

51 

6 A 

7A 

Bl 

lot 

12| 

15 


• ASA BIQ.IO. 
t Cbepk yulvoa only. 




Table 12. ASA B16.16 Standard Cast Iron ^ 
Refrigerant Fittings ± 

Oval Flanged Fittings 



A * pA ► i Ajt 

& 


MDCB. ELBOW 


Nom¬ 

inal 

pipe 

size, 

in. 

I 

Inside 

diam¬ 

eter 

of 

fitting 

Metal 

thick¬ 

ness 

of 

fitting, 

min 

Long 

diam¬ 

eter 

of 

flange 

E 

Short 

diam¬ 

eter 

of 

flange 

G 

Thick¬ 

ness 

of 

flange, 

min 

B 

Thick- 

nesst 

of 

flange 
at bolt 
circle 

D 

Center* 

to 

female 
flange 
edge, 
elbow 
tee and 

cross 

A 

Diam- „ 

. ^ Num- 

eter . 

of 

bvit 

, bolts 

circle 

Size 

of 

bolt< 


3 

H 

k 

3iV 

iH 



23 

zi 2 


1 

H 



3U 

iH 

u 

A 

2i 

2^ 2 

i 


I 

N 

1 

3? 

lU 

1 

H 

22 

2l 2 


1 

A 

li 

i 

4i 

2S 

IS 

w 

3t 

3 1 2 

h 


Square Flanged Fittings 




V I 

90DEC1ELBCW 



iuJ I L-iia:* 


Center* 

to 

flange 
edge, 
elbow 
tee and 
cross 
A 


Number 
of bolts 


Round Flanged Fittings 


ta ! iLgTEJj:j 

Alii ^ 


ELBOW TEE 


iminal 

pipe 

size 

Inside 
diam¬ 
eter of 
fitting 

Wall 
thick¬ 
ness of 
fitting 

Outside 

diameter 

of 

flange 

Thickn 

flange, 

Tongue 

essf of 
' ^ min 

Groove 

Center* to 
groove 
flange edge 
elbow, tee 
and cross 

A 

Diameter 

of 

bolt 

circle 

Num¬ 

ber 

of 

bolts 

Size 

of 

bolts 

5 

5 

w 

11 

u 

lA 

flA 


B 

] 

6 

b 

1 

4 

izl 

iH 

13 

BH 

lOl 

12 

i 

B 

8 

H 

15 

il 

iH 

loA 

13 

12 

7 

M 

10 

10 


I7i 

zi 

zA 

iiH 

15i 

16 

1 

12 

12 

1 

20^ 

zi 

zA 

13A 

17] 

16 

li 


* The */ii-iii tongue of oval and square flanges, and the tongue ol round flanges, le included in the "thickness of 
flange minimum," and all but ^ in le inLluded in the “center to flange edge" dimensions 
t See Table 12 b 
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Welded joints are i^etierally either of the 
hutt-welding fir socket-wcldini; type. iJi- 
meiKsioris of weldin^r fittiiiKH have reecntly 
been staiidardized, or standards are in pro¬ 
posed form, and dimensions are given in 
Tables 13, 14 and 15. Braneh eoniiections 
require suitable reinforeiiig. Butt-welding 
is commonly used for 2-in. nominal size and 
la'rger, socket-welding for 1 J-in. and 
smaller. 

d. Soldering for non-ferrous materials 
corresponds in function, although not in 
method, with welding for ferrous materials. 
Types and dimensions of solder-joint fit¬ 
tings are given in Table 16. The clearance 
between the two surfaces is maintained 
within narrow limits. The solder, with 
suitable flux, is run into this narrow an¬ 
nulus in a molten condition. The joint de¬ 
pends on the large area of contact, and of 


Table 12a. Standard Facing Dimensions 


shear. Hard solder is ordinarily a silver 
base alloy, melting above 1,000 F, whereas 
soft solder is ordinarily a tin base alloj^, 
melting below 500 F. Hard soldering is 
also called silver brazing, under whicli 
name current practice wa.s reviewed by 
Edelson.^ Most shop soldered joints in re¬ 
frigerant piping are hard soldered. The 
Piping Code requires the use of hard solder 
for field joints in refrigerant lines, excejit 
for tubes i-in. nominal size and less in sys¬ 
tems containing less than 20 lb of refriger¬ 
ant. 

e. Flared compression fittings are per¬ 
mitted by the Piping Code for refrigerant 
lines not over i in. outside diameter, using 
annealed copper tubing, providing all such 
joints are exposed for visual inspection. 


* Ki1[:1hi)Ti, Rp/rifj. Eng., Jan. 1[)41. 




Tongue 


Groove 

Flange 

thickness, 

min 

Bolt 


Outside 

diameter 

T 

Inside 

diameter 

U 


Outside 

diameter 

Y 

Inside 

diameter 

Z 


Height 

Depth 1 


D 

B 

Spacing 


Oval 


1 

A 

ST 

c 

1 

1 

H 


H 

1 

■i 

l;j 

1 G 

2\ 

h 



1 

1 

N 


1 li 
“i [> 

A 

1 G 

16 

2.’ 

i 

A 

lil 

1 

I 

H 

lA 

11 

,1 

M 

1 

22 

3 

4 

A 

lU 

1 9 

n' 

U 


li 


3 


Square 


1 

A 

u 

15 

JL 

H 

in 

lA 

_ 

15 

1 6 

2-A 

H 

A - 

2\ 

12 

1 

k 

zA 

iia 

— 

1-A 

22 


A 

2i 

22 

J. 

B 

2 A 

2 A 

— 

12 

2H 

Z 

A 

3l 

Zs 

J. 

B 

3A 

2H 

—. 

H 

3A 

z-i 

A 

32 

32 

i 

3H 

3A 


12 

32 

3 

A 

42 

41 

i 

412 

4 A 

— 

15 

4A 

3-1 

A 

51 

42 

5A 

412 

— 

C 

42 

4 

A 

511 

5A 

1 

A 

52 

52 

— 

12 

52 


All [liinenBiDii.t ari^ Kivpn in inclif'ii. 
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All dimeDBioDB are given in inchefl. 
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Table 13. Dimensions of Butt Welding Fit¬ 
tings (ASA B16.9-1940), inches 



'riiinkiicHH rtf nietnl conTtirniR tn either 8(;heilu1e-40 or 
Si'.liedulR^HO pipe. 

* Not ntivered in ASA IB.9-1940. 


Dim elisions for these fittings arc given in 

Table 17. 


5. Expansion and contraction of pipes 
take place with changes of temperature, 
and the piping system must be physically 
flexible enough to take up these changes in 
length by deformation, without being un¬ 
duly stressed. The amount of such change 
in length, in inches per 100 linear feet, is 
given in Table 18. The riping Code pro¬ 
vides that slip-type expansion joints shall 
not be used with refrigerants, but that 
flexibility shall be provided by pipe bends, 
offsets, or changes in direction of the pipe 
line itself, also that supports shall be so 
arranged that they do not unduly restrain 
the thermal expansion or contraction of 
the pipe. 

So long as the piping system is in oni*. 
plane from anchor point to anchor point, 
changes of length must be taken up in 
bending the pipe, but if, as is usually the 
case, it is possible to run the pipe in three 
dimensions, a large part of the dcf[)rmation 
can be taken up in torsion. The force re¬ 
quired to deform the pipe must be supplied 
by the anchor points, which must be amply 
strong for this. These anchor points are 
ordinarily the equipment to which the pipe 
is attached. The more flexible the system, 


Table 14. Dimensions of Steel Socket Welding Fittings 


(PropoHod ASA B16.il)* 




Nominal 

pipe 

size 

A 

B 

c 

D 

£ 

F 

G 

] 

i 

Sch. 40 

Sell. BO 

Sch. 40 

Sch. BO 

i 

ik 


i 

N 

R 

0.420 

0.125 

0.125 

0.269 

0.215 

i 

A 


i 

H 

;i 

H 

0.555 

0.125 

0.139 

0.364 

0.302 



A 

i 

H 

1 

0.690 

0.125 

0.15B 

0.493 

0.432 

h 

1 

A 


1 

.1 

0.B55 

0.136 

0.1B4 

0.622 

0.546 

1 

1 



U 

k 

1.065 

0.141 

0.193 

0.824 

0.742 

1 

i 

A 


Ik 

k 

1.330 

0.166 

0.224 

1.049 

0.957 

IJ 

i-h 

H 


lA 

k 

1.675 

0.175 

0.239 

1.380 

1.278 

li 

li 

H 


li 

k 

1.915 

D.lBl 

0.250 

1.610 

1.500 

2 

H 

1 


Is 

I 

2.406 

0.193 

0.273 

2.067 

1.939 


i| 

Ik 

i 

iH 

I 

2.906 

0.254 

0.345 

2.469 

2.323 

3 



;i 

i 

H 

s 

3.535 

0.270 

0.375 

3.06B 

2.900 


* SLandard also covorR Sch.-IBO littinKS. 
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the smaller the reaction on the equipment. 

Since the advent of high temperatures 
in steam practice in the 192()’s, an exten¬ 
sive literature on the analysis of stresses 
due to expansion of piping has been built 
up, largely in the Transactions of the 
ASME. However, for the relatively small 
changes in temperature ordinarily en- 
f;ouiitered in refrigeration, which seldom 
are as great as 200 F between erection 
and operation, the adequacy of provisions 
ff)r expansion or contraction can usually be 
determined by inspection. 

Supports for piping should be provided 
at intervals not exceeding 40 times the 
outside diameter of the pipe. In addition 
to supporting the weight of the pipe, in¬ 
cluding contents and insulation, it is neces¬ 
sary to provide sway-bracing to minimize 
vibration. If the pipe is pitched to drain, 
the pitch is determined by the frequency of 
supports, so that the deflection between 
supports docs not introduce j)ockets which 
will not drain. Care must be taken that 
the supports do not unduly restrain the 
expansion or contraction, or introduce ex¬ 
cessive stresses at joints or equij)ment, and 
where expansion stresses are at all critical, 
design of supports is equally important 
with providing the proper path. The Piping 
Code provides for certain minimum dimen¬ 
sions for hangers to guard against mechan¬ 
ical damage, corrosion, etc. 

6. Protection against damage is neces¬ 
sary, particularly for small lines. Small in¬ 
sulated lines have a false appearance of 
strength. Where considerable traffic is ad¬ 
jacent, it is necessary to provide protection 
from impact from carelessly handled hand- 
trucks, overhanging loads, ladders and the 
like. The Piping Code provides that re¬ 
frigerant piping crossing an open space 
which affords passageway shall be not less 
than 7l ft above the floor unless against 
the ceiling, and that it shall not be placed 
in public hallways, lobbies, stairways, 
elevator or dumbwaiter shafts, except that 
it may pass across a public hallway if 
there are no joints in the section in the 
hallway, and if non-ferrous tubing I in. 
nominal size and less is contained in a 
rigid metal pipe. It also provides that all 
refrigerant pipe, with or without insula¬ 
tion, be exposed to view, except for 
mechanical protection specified in the 


Code, or when located in a cabinet of a 
unit system. 

7. Control of flow may be either the 
regulation of xhe amount of flow, as by an 
expansion valve, or the shutting off of 
flow, as by a stop valve. Either may be 
hand-controlled or automatic. The latter 

Table 15. Dimensions of Welding Flanges 
(ASA B16e-1939) inches 



150 psi 

300 psi 

1 

l8 


4 

2i*,> 

2\ 

1 

2 A 

2* 

li 

2l 

2A 



zH 

2 

2| 

2l 


2i 

3 

3 

2i 

31 


2H 

3 A 

4 

3 

32 

5 


31 

6 

31 

3S 

s 

4 

42 

10 

4 

42 

12 

41 

52 


Dutaide diainelKr, riii'.iiie, drillinK nnd bultinK nf 
150-pHi and SDO-psi Btcal llanRes ci>rrtiHpf>iid risaiMjriivLily 
ti) l2.5-pHi RiiBt iron (nxcept steel haH W-in- raised face) 
nnd 250-pBi cast iron UanReH, Riven in FiR. 2 and Table 11. 

WeldinR nei;k refriRcrnnt (InnRea to mutch inanu- 
facturere’ aLandarde are RcnGrully available. 

may be controlled by liquid level, tempera¬ 
ture or pressure, and is treated in Chapter 
22. In any event, control is accomplished 
by restricting or closing the opening 
through which the fluid passes. 

The Piping Code provides that refriger¬ 
ant valves shall be of the globe, angle or 
needle type, gate valves and cocks being 
barred for refrigerants except in industrial 
plants having competent operating men 
constantly in charge. Gate valves afid cocks 
are, however, in common use as st^ valves 
for brine, water and other fluids. Ilefriger- 
aiit valves having stuffing boxes 6r valve 


O.D.Dr PIPE 



I.D.DF PIPE 
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Table 16. Dimen- 
sions of Cast Brass 
Soldered Joint 
A40.3 - 1P41), 

inches 




Nominal 

A 

B 

c 

D 

E (min) 

F 

T 

R 

size 








i 

i 

A 

iV 

A 

0.37B 

0.31 

O.OB 

0.04B 

1 

A 

A 

A 

a 

0.503 

0.43 

O.OB 

0.04B 

i 

A 

A 

i 

i 

0.62B 

0.54 

0.09 

0.054 

i 


1 

4 

1 

a 

3 

< 

0.B7B 

0.7B 

0.10 

0.060 

1 

i 

A 

1 

u 

1.1285 

1.02 

0.11 

0.066 

It 

1 

A 

i 

1 

1.3785 

1.26 

0.12 

0.072 

H 

1 

i 

1 

S 

1 s 

1.629 

1.50 

0.13 

0.078 

2 

U 

A 

A 

13 

2.12P 

1.9B 

0.15 

0.090 


H 


A 

H 

2.629 

2.46 

0.17 

0.102 

3 

li 

a 

I 

A 

iH 

3.129 

2.94 

0.19 

0.114 


2 

i 

A 

i{^ 

3.629 

3.42 

0.20 

0.120 

4 

2} 

if. 

t 

2A 

4.129 

3.90 

0.22 

0.132 

5 

3i^ 

lA 

i 

2U 

5.129 

4.B7 

0.2B 

0.16B 

6 

3^ 

1 

i 


6.129 

5.84 

0.34 

0.204 


ShiTicliinl iilsi) iiichitli's rxli^nial ,<!ilitiulrlpr fitliiiKa, rcduuiiig; littiiiK.s, nips, plus busliine>s anil filtiiiKS wilb pipr 
Lliri'iiil i‘riil; lilliiiKs, l■l(‘!lrlLlll'es, Loii'iinirRH; raliiiKs, markings-.iiiil materials. 


Table 17. Dimensions of 
Brass Fittings for Flared 
Copper Tubes (ASA 
A40.2-1936), inches 



Nominal-size | 

3 

H 


a 

4 

1 

It 


2 

O.D. of tube 1 

} 


1 

IS 

u 

^ s 

zS 

A 

1.42 

1.53 

1.78 

2.09 

2.2B 

2.56 

3.06 

B 

a 

N 

k 

3 

4 

1 

IJ 

H 

2 

C 

1.06 

1.12 

1.28 

1.44 

1.58 

1.75 

2.06 

D 

0.19 

0.25 

0.3B 

0.50 

0.63 

0.75 

1.00 

E 

l.OB 

1.22 

1.48 

1.90 

2.16 

2.56 

3.26 

G 

O.OP 

0.09 

0.10 

0.11 

0.12 

0.13 

0.15 

H 

O.B75 

1.000 

1.250 

1.625 

1.875 

2.250 

2.875 

L 

0.25 

0.26 

0.28 

0.30 

0.32 

0.34 

0.38 

N 

0.52 

0.65 

0.90 

1.15 

1.41 

1.66 

2.16 

T 

0.43 

0.43 

0.50 

0.56 

0.62 

0.69 

0.81 

Threads per 








inch 

14 

14 

14 

12 

12 

12 

12 


Standard uIho Kives ratiiiK, mairrial, iiiarkinK, details of threBdiiiR, and tolerances. 


k^'joLo'J 
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stem packing must be of the back-seating 
type, to permit repacking under pressure. 
Stop valves are required by the Code as 
follows; 

In systems having more than 20 but 
less than 100 lb of refrigerant: 

a. At each inlet and each nutlet pipe of 
each compressor. 

b. At each outlet of each liquid receiver. 

In systems having 100 lb or more of re¬ 
frigerant: 

a. At each inlet and eacli outlet pipe of 
cMch rninjiressor. 

b. At each inlet and each outlet pipe of 
each liquid receiver. 

c. At each liquid and each suction 
branch header. 

Stop valves used with soft annealed copper 
tubing or hard drawn copper tubing f in. 
nominal size nr smaller must be securely 
mounted independent of tubing fastening 
or supports. Stop valves placed where it 
is not ol)vious wliat they control must be 
suitably labelled. 

Expansion valves are ordinarily needle 
valves, and the bore should be small 
enough to require a considerable oi)ening of 
the valve for normal flow, so that adjust- 
inent is not too delicate. 

Convenience for operation and main¬ 
tenance is a criterion of design, and will 
tell the experienced engineer at a glance 
the coinyjetence of the designer. Valves 
should be so located that they are con¬ 
venient to operate, joints should be easy of 
access for maiiiteiiance, location j)f lines 
should be such that they are easy to erect, 
easy to trace and present a neat appear- 


Table 19. Expansion (or Contraction) of 
Piping in inches/100 ft from 50 F 


Temper¬ 

ature, 

F 

Cast 

iron 

Wrought 

iron 

Steel 

BraiSB 

and 

copper 

-50 

-0.70 

-0.76 

-0.73 

-1.10 

-25 

-0.53 

-0.5B 

-0.56 

r-0.B5 

0 

-0.36 

-0.40 

-0.38 

-0.57 

25 

-0.19 

-0.20 

-0.19 

-0.29 

50 

D.DO 

0.00 

0.00 

0.00 

100 

-HO.36 

+ 0.39 

+ 0.38 

+0.5B 

150 

-Ho.74 

+0.81 

+ 0.77 

+ 1.18 

200 

-Hi.14 

+ 1.25 

+ 1.19 

+ 1.81 

250 

+ 1.56 

+ 1.71 

+ 1.63 

+ 2.45 

300 

+ 1.69 

+ 2.18 

+ 2.09 

+3.10 


aiice, and still do not obstruct or otherwise 
interfere with the use of adjacent space or 
present hazaifls such as low head room, 
projecting valve stems or the like. 

8. Restrictions imposed by codes, laws 
and regulations applying at the site of an 
installation niiisL be knf)wn to the designer 
and obeyed. The Safety Code for Mechan¬ 
ical Refrigeration and the Code for Pres¬ 
sure Piping are primarily drawn up as 
guides for safe practice, and should be fol¬ 
lowed whether they have been given the 
force of law in a particular community or 
not. Their principal requirements as they 
apply to refrigeration piping are practi¬ 
cally identical and are outlined in this 
chapter. They are the basis of most Mu¬ 
nicipal and State Codes, and will become 
more so as time goes on, but some ordi¬ 
nances go beyond them in requiring heavier 
piping and in other special features, and it 
is necessary for the designer to become 
familiar with the specific requirements ap¬ 
plying at the fjarticular place where the 
j)ipiiig is to be installed. 
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/^RDINARILY, the selection of the. 

proper liibriGating oil for a given type 
of refrigeration equipment will be tlie 
responsibility of the inanufartiirer. Only 
the nuinufacturcr has the necessary labora¬ 
tory resources and test facilities to make 
a proper evaluation of all the necessary 
factors. Servicing of refrigeration equip¬ 
ment should follow manufacturers’ recom¬ 
mendations; it is only in extraordinary in- 
stam;es that the individual engineer will 
find it necessary to make the selection. 
Therefore, this chapter is written pri¬ 
marily from the standpoint of the manu¬ 
facturer, giving the basic reasons afTect- 
ing the original choice. 

In general, refrigeration etpiipment falls 
into two classes: (1) compressors with 
shaft seal and external motor drive; and 
(2) tlie hermetically sealed unit coiniires- 
sor with direct shaft drive and internal 
motor operating directly in the oil and 
refrigerant mixture. The latter type is dis- 
tinguisheil by having the mottir lieat lib¬ 
erated within the compressor shell, where¬ 
as in the former tyjie the motor heat is 
liberated externally. In the shaft seal type, 
oil temperatures seldom exceed 120 F; in 
the hermetically sealed type, they may 
reach 225 F under severe operating condi¬ 
tions. Furthermore, in the shaft seal type 
of compressor it is relatively easy to pump 
down the unit, remove the oil charge and 
replace with fresh dehydrated oil. For 
systems using Freon refrigerants, the oil 
charge is usually replaced whenever there 
is danger of contamination due to opening 
the system or other cause, whereas on sys¬ 
tems using ammonia as a refrigerant, it is 
customary to replace the oil periodically. 

Since the hermetically sealed unit com¬ 
pressor is welded in steel, it is not an easy 
matter to remove the refrigerant charge 
and remove the oil; therefore it is the usual 
practice to consider the original oil charge 
as the lubricant for the operating life of the 
machine. These types of machines are usu¬ 


ally considered to have a minimum operat¬ 
ing life of at least ten years and this con¬ 
sideration, together wdth the high operat¬ 
ing temperatures, has placed entirely new 
demands upon the chemical stability of 
the lubricant used. 

Furthermore, the design of some types of 
hermetically sealed units, such as the single 
vane rotary, requires the lubricant to per¬ 
form much more efficiently as a sealing 
agent. In the reciprocating design, the 
lubricant fdm is spread over the entire area 
of contact betw^^en the piston and the cyl¬ 
inder wall, so that there is a very large 
sealing area t ) resist leakage of refrigerant 
from tlie high to the low'-pressure side. In 
the single vane rotary type, however, the 
only sealing area is a line contact between 
a vane and a roller, yet this oil film is ex¬ 
pected to prevent leakage just as efficiently 
as in the older type of reciprocating com¬ 
pressors. When it is borne in mind that in 
all instances, the viscosity and sealing 
])ower of oil are diluted to some extent by 
solution of the refrigerant in the oil, it can 
readily be seen that these requirements are 
very stringent. 

In the past, refrigeration grade lubricat¬ 
ing oils have been almost universally de¬ 
rived from naphthenic base crudes. They 
have been wadi refined pale oils character¬ 
ized by good stability, low carbon residue, 
low pour point, medium flash and fire, and 
low viscosity index. They have been satis¬ 
factory writh many millions of mechanical 
refrigeration units. In recent years, how¬ 
ever, the extreme stability demands associ¬ 
ated with the design of the hermetically 
sealed compressor unit, as outlined above, 
have required improvements in certain 
characteristics which were not inherently 
available in these naphthenic oils. Specifi¬ 
cally, the demand has arisen for a higher 
viscosity index, greater tdiemical stability, 
and lower solvent power for the halogen- 
ated type of refrigerant. These properties, 
and particularly the property of high vis- 
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cosity index, could only be obtained from 
crudes having a high paraftin content. Oils 
derived from such crudes, when compared 
to the refrigeration nils derived from the 
naphthenic base crudes, have always been 
characterized by relatively high wax con¬ 
tent and a high pour point. However, it 
has been found possible to overcome in 
great measure the handicap of a high pour 
point anil to develop oils for refrigeration 
purposes which have had very successful 
use, particularly where extremely low 
temperatures are not encountered. 

Some authorities object to designating 
these oils as high viscosity index oils, in¬ 
sisting that the property of high vi.scosity 
index is purely coinciilental, and that 
their most desiretl property is chemical 
stability and resistance to high operating 
temperatures. However, they have come 
to be known as high viscosity index oils, 
and will be so designated in this discus¬ 
sion. 

1. Selection of Type of Oil 

Table 1 sliows a complete sujtiinary of 
the properties of the two types of oils previ¬ 


ously di.scuHscd. Those with long experi¬ 
ence will recognize, however, that it is im¬ 
possible to select the proper lubricating oil 
for a refrigeration system on the basis of 
laboratory data. Successful refrigeration 
engineers insist on a complete series of 
performance tests, since changes in me¬ 
chanical design often have an unsuspected 
influence on the behavior of the lubricant. 
It is also advisable to conduct a long term 
life test on the oil, in the unit in which it is 
to be used, under severe operating condi¬ 
tions. A representative test of this kind is 
a life test at 110 F ambient temperature 
for a period of two years. Huring this time, 
the unit is carefully checked at frequent 
intervals for efficiency of operation, and 
at the conclusion of the test, it is torn down 
and carefully inspected for gum, varnish, 
sludge, corrosion and copper plating, and 
wax deposits. With this information avail¬ 
able, tlie final selection can then be made 
with a considerable degree of c()nfidence. 

In this final srdoction, cost will be an im¬ 
portant item. The high viscosity index, 
higli stability oils may he soinevvliat more* 
expensive than those of low viscosity index 


Table 1. Refrigeration Oil Properties of Naphthenic Base Oils 


Manufacturers’ 
Brand Nu.’’‘ 

1 

2 

Specific gravity at 60 F 

.902-.913 

.904 .916 

Flash point, ASTM open 

275-2B5 

300 310 

cup, F 



Fire point, F 

315-325 

345-355 

SU viscosity at 100 F, sec 

75-80 

100 115 

Color, NPA 

Mi 

Mi 

Ncut. no ASTM Mg 

0.00 

0.00 

KOH per gm 



Pour test, ASTM F, max 

-45 

— 40 

Sligh oxidation 

10 20 

10-20 

Steam emulsion, sec 

20-40 

20-40 

Dielectric strength, kv 

25 

25 

min 




3 

4 

5 

6 

913.925 

.919.932 

.923.937 

.929-.914 

330-340 

350 360 

370 380 

3B0-395 

3BD-39D 

410-420 

430 445 

440-460 

150-160 

ZB0-30D 

500-600 

75D-BOO 

li-2 

li 2 

li 2 

i|-zl 

D.DO 

0.00 

0.00 

O.OD 

-35 

-25 

— 10 

-5 

10-20 

10-20 

5 15 

5-15 

30-60 

40-80 

60-100 

70 110 

25 

25 

25 

25 


High Viscosity Index Refrigeration Oils 


Manufacturers’ Brand No.* 

3 

4 

5 

Gravity, APT (ASTM D2B7-39) 

30-32.5 

29-31 

28-30 

Flash, COC, F (ASTM D92-45) 

385-400 

430 450 

455-470 

Fire, COC, F (ASTM D92-45) 

445 460 

490-515 

515 545 

Pour point, F (ASTM D97-39) 

0 5 

0-5 

0 5 

Viscosity, SSU 100 F (ASTM D8B-44) 

145 160 

300-315 

490 545 

Viscosity index 

90-95 

90-95 

90-95 


* nefers tu visruHily grade. Fur Kxaiuple, Nu. 3 oil is I.'iO oecondH SUV © IDO F. 
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derived frnin TUiplitlinnie Lvrudes, because 
of the iidiibitors used aiul additional proe- 
cssinK costs. Tt is unlikely that they will 
displace those oils from applications where 
they have performed with entire satisfac¬ 
tion in the past. Under severe operating 
conditions, the higher cost high viscosity 
index oils may show an actual saving 
when all factois aie coiisidei'ed. 

2. Selection of Oil Viscosity 

The selection of the proper oil viscosity 
for use in a refrigerating compressor de¬ 
pends upon a number of factors, such as 
the mechanical design of the compressor, 
the type of refrigerant used, whether 
water-cooled or air-cooled, as wtII as the 
type of service. The lubricating oil in a 
refrigerating compressor perff)rms the 
fLinctions of sealing and lubrication. In 
most instanci's, bearing loads in refriger- 
.itiiig compres.sf)rs are not high and the 
lubrication function is relatWely easy 
to perform. The problem of sealing is 
not always so t!asy to 
accomplish. It depends 
to a considerable extent 
on the pressure differ¬ 
ences involved and the 
solubility of the refrig- 
('rant in the lubricating 
oil. 

Some refrigerants, par¬ 
ticularly the halogenated 
hydro carbon derivatives, 
are completely miscible 
witli oil in all proportions. 

Others, such as sulfur diox¬ 
ide, Freon-114 and Freoii' 

22, are completely miscible 
above critical solution tem¬ 
peratures but are only par¬ 
tially iiuscible at lower 
temperatures. Since the 
tendency of the refrigerant 
to dissolve in the oil deter¬ 
mines the viscosity of the 
resultant solution, the 
choice of the initial visco¬ 
sity of the lubricating oil 
must be governed accord- 

As a general rule, it can 
be stated that an oil should 
be chosen of the lowest vis¬ 


Table 2. Absorption of Ammonia in Oil 

(Vnlume of ahHorbed by unit 
volume of oil) 


Pressure, 

psi 

Temperature 

32 F 

70 F 

150 F 

14.7 

3.14 

2.20 

1.24 

20.3 

6.34 

4.44 

2.30 

44.0 

10.05 

6.60 

3.56 

58.7 

15.66 

8.53 

4.69 

146.7 

— 

— 

12.43 


cosity which will give the necessary sealing 
properties witli the refiigerant used ami 
over the iiiiige f)f tempei atures and i)res- 
sures encountered. For these reasons, it is 
desirable to know the actual viscosity of 
the oil-rcfrigcrant mixture at operating 
temperatures. Studies have been made by 
Rutledge^ on several oils and refrigerants, 
and the data for oil and Freon-12 are 
shown in the curves in Figs. 10, 11 and 12. 
Rutledge does not stole the type rif oil 



Fig. 1. Solubility of Refrigerant F-lZ in Oil as a Function of Oil 
Temperature and Refrigerant Preasure 
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Table 3. Lubrication RecommendatiDns 


A. Small Systems 


Refrigerant 

Type of 
Compressor 

SU at 100 F 
oil viscosity 

Typical brand 
(Table 1) 

Ammonia 

Reciprocating 

150 300 

3. 4 

Carbon dioxide 

Reciprocating 

2B0-3O0 

4 

Sulfur dioxide 

Reciprocating 

70^200 

1, 2, 3 

Sulfur dioxide 

Rotary 

280-300 

4 

Methyl chloride 

Reciprocating 

280 300 

4 

Methylene chloride (Carrene No. 1) 

Centrifugal 

280-300 

4 

Methylene chloride (Carrene No. 1) 

Rotary 

150-300 

3, 4 

Freon-ll (Carrene No. 2) 

Centrifugal 

280 300 

4 

Freon-lZ 

Centrifugal and 
reciprocating 

280 300 

4 

Freon-21 

Reciprocating 

280 300 

4 

Freon-llJ 

Centrifugal 

280 300 

4 

Freon-114 

Rotary 

280-300 

4 


B. Industrial Refrigeration 


(Animuniii iind eurlion ilirixicle crimiiresHorH witli spliisli, forut-fpL'd nr gravity circulaLing ,systoma) 


Type of compressor 

SU viscosity 
range 

Typical brand 
(Table 1) 

Where oil may enter refrigeration system or compressor 
cylinders 

Where oil is prevented from entering system or cylinders: 

150 300 at 100 F 

3, 4 

In force feed or gravity systems 

500-600 at 100 F 

5 

In splash systems 

150-160 at 100 F 

3 

Steam-driven compressor cylinders when condensate is re¬ 
claimed for ice making 

140-165 at 210 F 

Pittsburgh cyl¬ 
inder oil 


C. Miscellaneous Equipment 


Type of requirement 

SU viscosity at 

100 F range 

Typical brand 
(Table 1) 

Bearings: 



Ring oiled, normal temperature 

280-300 

4 

Ring oiled, low temperature 

100-115 

2 

Chain oiled 

280-300 

4 

Ball and roller bearings: 



Oil lubricated 

280-300 

4 

Grease lubricated 

— 

No 843 roller¬ 

Wick oilers 

280-600 

bearing grease 

4. 5 


usiul in these tests, but it is evident fi oni 
plnttiiiK the Ausensity datii Kiv'cn, that tiicy 
are of the napthcnie type. His eiirves repre¬ 
sent average, values, and he states: “There 
is an approeiable variation in tlie solu¬ 
bility of the dilTerent oils, and the varia¬ 
tion from the averii^e may l>e as much as 
±10%.“ Additional data on oil-Fieoii-l2 
solubility and viseosity are shoAvn in Figs. 
1, B, ami 9. 

A practical method for determining the 
minimum safe viscosity is to determine the 


total volumetric efficiency of a given com¬ 
pressor system, using several oils of widely 
varying viscosity. Choose the oil of lowest 
viscosity giving a satisfactory volumetric 
efliciency. It is necessary to cite certain 
precautions in making these tests. They 
should be run at various ambient tempera¬ 
tures; for example, 70, 90, and 110 F. It has 
been observed that high viscosity index 
oil.s sometimes give as much as 5% more 
volumetric capacity at 110 F ambient con¬ 
ditions than do low viscosity index oils 
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Fig. 2. Viscosity of Oils of Fig. 1 with Various 
Percentages of Freon-11 

liMving M, similar viscosity rating at 100 F. 

The viscosity index of an oil is an indi¬ 
cation of its tendency to reduce viscosity 
with increasing temperature. A low vis- 
cf)sity index oil may have an index as low 
as 0, a high viscosity index \\\n.y be 100. 
Fig. 16 shows the change of vis¬ 
cosity with teiiiperature of two 
oilshaving viscosity indici‘s r)f 0 
and 92, but identical viscosity 
of 500 seconds S.U.V. at 100 F. 

Once the viscosity of the oil has 
been chosen, many other con¬ 
siderations become important, 
some of which are not covered 
by the u.sual lubricating oil speci¬ 
fications. These other considera¬ 
tions may be considered point by 
l)oint and the governing factors 
outlined. 

Figs. 10, 11, and 12 give the 
viscosity and dilution ratio char¬ 
acteristics of oils with Freon-12. 

If the temperature and pressure 
of the system are known, Fig. 11 
will give tlie composition by 
volume of the liquid phase. Using 
this figure and the value of the 
viscosity of the pure oil at the 
given temperature, Fig. 10 gives 
the viscosity of the mixture and 


an approximate value for the specific 
gravity. The absolute viscosity in centi- 
poises may then be obtained by multiply¬ 
ing the kinematic viscosity in centistokes 
by the specifie gravity. 

A numerical example follows; Given an 
oil whose viscosity at 80 F is 450 Saybolt 
Seconds, and operating conditions of 40 
psi Freon pressure at this same tempera¬ 
ture. On Fig. 11 the volume ratio is given 
as 0 . 12 . Fig. 10 shows that when the oil is 
diluted to this extent its viscosity is re¬ 
duced to 105 Saybolt Seconds or 22 ccnti> 
stokes. Since the specific gravity is in¬ 
creased from 0.88 to 0.92, tiiis is equivalent 
to 20.2 eeiitiposes absolute viscosity. 

3. Pour Test and Cloud Point 

It has been generally considered in the 
past that oils for refrigeration applieation 
require low pour test and low cloud point. 
Recent developments liave indicated that 
this is not calegoricallv true. In the past, 
must refrigeration oils have been refined 
naphthenic base stocks. These naphthenic 
base oils have low'er cloud and pour points 
than paraflinic or Mid-continent base oils 
and usually do not require dew^axing for 
lubrication applications. Paraffinic t)r Mid- 
continent base oils have higli wax contents 



TEMPERATURE "F 

Fig. 3. Viscosity Tempersture Curves of Solution of 
Freon-Zl in Oil 
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PERCENT BY WEIGHT FREON 113 

Fig. 4. Viscosity with Various Percentages 
of Freon-llJ 

jind rpquiru eoiisidpriibli' drwiixinj^ in Drdnr 
to produce lubriciints that are satisfactory 
for refrigeration use. The advent of the 
modern dewaxing processes, however, has 
made it practical to dewax such oils very 
satisfactorily. However, the suitabilit}'^ of 
such oils for refrigeratif)n applications can¬ 


not be judged entirely by the usual criteria 
of cloud point, pour point, and so-called 
floe point. 

It should be pointed out that in a refrig¬ 
erating coini)ressDr some oil is always cir¬ 
culated with the refrigerant, but in a well 
designed compre.ssor this rpiantity u.sually 
does not exceed 1 or 2% of the refrigerant 
circulated, and in almost no instance dt)es 
it exceed 10%. Consequently, it is the 
pour point or the cloud point of the lubri¬ 
cating oil mixture corresponding to that 
actually circulated that becomes the im¬ 
portant criterion. It has even been found in 
some instances that a cloud point or a floe 
point of the mixture does not have too 
much bearing on the actual performance 
in the compre.ssor. It has been observed 
that some dewaxed oils show a relatively 
high cloud j)oint in the i)resi'ncR of refriger¬ 
ants, but that the material in the oil that 
formed the cloudiness is of such a nature 
that it redissolves in the refrigerant very 
readily on a slight increase of temperatiii'e. 
On the other hand, sf)me oils which show a 
low cloud point or floe ])f)int, sei)aiate a 
hard wax which is very diflieult to rerlis- 
solve. 

Alechanical ihisign also affects the sus¬ 
ceptibility of a given e(pii])m(mt design tn 
wax de])Ositiun. Exf)erien(je has shown that 
wax is des])osited from refrigeiaiit solu- 



TEMPERATURE F 


Fig. 5. Viscosity Temperature Curves of Solution of Freon-113 in Oil 





17. OILS AND LUBRICATION 


317 


tions at points where sharp benils oceiir, 
Mild the suspended wax partinles build up 
on the walls of the tubing by inipingenieiit. 
( arcfiil designing to avoid such bends can 
iniiterially lessen the tendency to wax 
deposition. 

iVlodern refrigeration equipment covers a 
wide range of operating temperatures. At 
the high end of the scale, air conditioning 
equipment operates at low side tempera¬ 
tures, usually above the freezing point. At 
the low end of the scale, equipment for 
s])ecial testing, such as low temperature 
Arctic weather rofuiis, opeiates at tem- 
peiatures as low as —100 V. Obviously, 
jioui- iioint and cloud point may have m) 
bearing on the selection t)f an oil for one 
of the air conditioning ajjplications, while 
the amount and character of wax indi- 
cated by a cloud point or fioc point test 
may gnaitly influence the id mice of Uibri- 
caiit where extremely low operating tmn- 
pciiituies are encountered. 

4. Volatility 

Volatility of lubrication oils should be 
sucli that they will not vaporize at pres¬ 
sures and discharge temjieratures involved 
in the high side of the system. Since many 
compressor systems are dehydrated under 
vacuum while containing small quantities 
of oil, it is also important that the oils 



prr»rrNT by weight freon-zi 


Fig. 6. Viscosity of Oil with Various PerDentages 
of Freon-Zl 

should not be too volatile under these con¬ 
ditions. 

Flash and fire point of oils used in re¬ 
frigerating lubricants are not too ijn])or- 
tant with most refrigerants. However, some 
refrigerants, such as sulfur dioxide, am¬ 
monia, and methyl chloride, have a liigh 



Fig. 7. Viscosity Temperature Curves of Solution of Freon-ll in Oil 
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ratio of specific heats (Cp)/{Cv) and con¬ 
sequently have a high temperature of 
adiabatic compre.ssion. Such refrigerants 
frequently produce carbonization of oils 
with low flash and fire point when operat¬ 
ing in high ambient temperatures. 

5. Moisture 

It is important that the moisture con¬ 
tent of refrigeration oils be low. Moisture 
in refrigeration systems cannot be toler¬ 
ated, since it not only i)roduces freeze-ups 
at the ])oint of expansion but also acceler¬ 
ates destructive chemical changes in the 
refrigeration system. It is therefore neca‘s- 
sary to require extreiiiely low moisture 
contents in all materials entering into the 
refrigeration system. Tlie moisture con¬ 
tent specified for refrigeiation oil usually 
requires 20 jjarts i)er millioii of water in 
hiss. When oils have once been dehy¬ 
drated so that they will meet this specifica¬ 
tion requirement, it is necessary to protect 
them from liumid atmosplieres and U) 
handle them in sealed containers. 

In refrigeration manufacturing plants, 
oils can be dehydrated to low moisture 
levels by several methods. The older one, 
known as “blotter pressing/’ involves 
filtering the oil through carefully dehy¬ 
drated filter pjiper. Some manufacturers 



Fig. B. Viscosity of Oil with Various 
Percentages of Freon-lZ 


also use centrifuging as a means of re¬ 
moving water. Another method is to ex¬ 
pose the oil to high vaeuum in thin films, 
which not only dehydrates the oil, but de¬ 
aerates it as well, thereby introdueing less 
air into the refiigeratif)n system. In many 
instances, however, where refrigeration 
repair work is done in the field, it is not 
always possible to protect the oil from 
moisture eontamination; in such cases it is 
advi.sable to debydrate the system by the 
use of a satisfactory refiigeratioii de¬ 
hydrating cartridge. Such cartridges con¬ 
tain efhident ilcsiccatiiig materials and will 
l[)wer the moisture content of l)oth re¬ 
frigerant and oil to a level f)f abf)ut ttm 
parts of water per million parts of rul and 
lefrigerant. 

6. Stability 

Refrigeration oils must be stable to 
oxidation and heat. The most severe oxida¬ 
tion exposures are found in the processing 
of the original eipiii)meiit in the manu¬ 
facturing plant. Under actual service cr)ii- 
ditions, oxiilation is not a great factor in 
tlie deterioration of refrigeration oils. In a 
well designed and assembled refrigeration 
system, oxygen will be almost completely 
absent due to tlie careful evacuation of 
the system before charging oil and refrig¬ 
erant. Since most ridrigerants are inert so 
far as oxidation is concerned and some, 
such as sulfur dioxide, are definitely reduc¬ 
ing in character, oxidation should not take 
place once the system is in operation. How¬ 
ever, witli the advent of scaled compres¬ 
sors, an increasing degree of heat stability 
is required in satisfactory refrigeration oils. 

The average operating temperature in 
refrigeration systems has shown a steady 
increase over the years. This trend is cx- 
))ected to continue, especially in air condi¬ 
tioning systems. Many cities have already 
placed stringent restrictions on using waiter 
for cooling an air conditioning system. 
Since the design trend is more and more 
toward packaged units using sealed com¬ 
pressor systems, it is believed that the 
temperature requirements may maintain 
this upw'ard trend. It has been observed 
that these high operating temperatures 
produce gum and varnish formations in 
some types of refrigeration oils. The 
mechanism of such varnish formation is not 
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BASED ON 5P CR FREON-1.27-AVERAGE SP GR 0IL-D.B60 


Fig. 10. Viscosity-Dilution Ratio Characteristics of Freon and Any Oil at Any Temperature- 
Upper Scale Shows Ratio of Freon to Oil by Volume 
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TEMPERATURE IN DEGREES FAHRENHEIT 


Fig. 11. Dilution Ratio Characteristics of Oil and Freon- 
Value of Top Line Is Infinity 


flf’Hily understood since oxidizing condi¬ 
tions iiie Mlinost completely absent. A fre- 
t|iieiitly advanced explanation is that it is 
caused by polymerization of unsaturates 
catalyzed by the presence of certain metals, 
particularly copper. 

Much work has been done in attempt¬ 
ing to develop chemical additives which 
will stabilize these oils toward gum and 
varnish formations, but the usual type of 
oxidation inhibitor has not been too effec¬ 
tive. 

7. Copper Plating 

AVhcre halogcnated refrigerants have 
been used, a phenomenon known as "cop¬ 
per plating” has been observed. Every 
refrigeration system contains some copper. 
In ordinary reciprocating compressor sys¬ 
tems, the quantity may be confined very 
largely to the connecting lines. In sealed 
rotary compressors, however, the motor 
windings are in direct contact with the oil 


and refrigerant of the system. A chemical 
reaction takes place whereby the copper in 
contact with the oil and refrigerant is dis¬ 
solved and goes into solution in the oil and 
refrigerant wliere it can be detected by 
sensitive chemical anal3^sis. Under suitable 
conditions, it then plates out on the sur¬ 
faces of other metals, but most usually on 
steel surfaces. Furthermore, since bearing 
surfaces are usually the brightest, cleanest 
and most highly polished in the system, 
the deposition occurs preferentially at 
these points. Where tolerances are very 
close, the deposited copper may increase 
to such a thickness that binding and gall¬ 
ing of such a surface may occur. This situ¬ 
ation is usually not serious in the older 
type, slow-speed reciprocating compres¬ 
sors. In certain types of rotary compres¬ 
sors, however, where tolerances are of the 
order of one-tenth thousandth (0.0001) of 
an inch, this deposition may eventually re¬ 
sult in the failure of the system. 
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Fig. 12. Viscosity and Dilution Ratio Characteristics of Freon and a 500 
Viscosity Oil in a Refrigerating System 


Aludi study has been devoted to the 
causes and cure uf tliis difficulty. It has 
been thought for some time that the 
lubricating oil plays an important role, 
and it has been demonstrated that differ¬ 
ent types of oil differ widely in their ability 
to dissolve and hold copper in solution. It 
lias been a widely held theory that the 
copper so dissolved precipitates out in 
contact with steel surfaces by straight 
electromotive displacement. However, it 
has been observed in laboratory experi¬ 
ments that such deposition can actually 
take place on glass, and it is therefore be¬ 
lieved that electromotive displacement is 
not always involved. 

Recent work has also established the 
fact that copper plating can occur in the 
presence of the refrigerant alone without 
the presence of any lubricating oil. How¬ 
ever, in oil and refrigerant mixtures, it is 
certain that the reaction takes place in the 
presence of some types of oil much more 
readily than it does in others, and there is 
no doubt that the lubricating oil is in 
many instances a contributing factor. It 
has also been established by much careful 
laboratory work that the reaction does not 
take place readily in completely dry sys¬ 


tems, and that most difficulties due to cop¬ 
per plating can be largely eliminated by 
adequate drying during the original manu¬ 
facture of refrigerating etpiipment and by 
the use of built-in chemical dehydrators as 
an integral part of the equipment in service. 



Fig. 13. Temperature Pressure Relationship of 
Freon-1 14-HVI Oil Mixtures 
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PER CENT WEIGHT FREON-II* 

Fig. 14. Temperature-Pressure Relationship of 
Freon-114-HVl Oil Mixture 


Dub to ob.sBrviitioii.s witli rospoct to cop- 
p(!r phttiri|? in the jireseiioe of refrii^erants 
iiloiie, BOinprtent tec'liiiical opinion is now 
turning to the belief that the refrigerant 
may be the dominant factor in tlie platiny; 
reaction. Tlie tlu'ory tliat lia.s lieeii ad- 



Fig. l5. Critical Solution Temperatures of 
Freon-l 14-Oil Mixtures 


vaiiced i.s that small quantitic.s of 
moisture present in the system 
produce a slow chemical hydroly¬ 
sis of even the most stable halo- 
demited refrigerant—even those 
of the well-known Freon tyjje. 
In fact, microanalytical metViorls 
Inn^e demonstrated the ])resence 
of chloride and fluoriile ions in 
corrosion dei)Osits found in j efrig- 
eration systems. It is now believed 
that the ultimate solution of this 
l)joblem may require even more 
stable lialogenated refrigerants 
than tliose currently in use. 

8. Mutual Solubility of Oil and 
Refrigerant 

Refrigerants fall into two clas- 
.sifi ratio ns under this heading; 
(1) thosi! comj)letely miscilde with 
oil in the range of operating tem- 
])eratures; and (2) those wliicJi 
(ixliibit a critical solution teiniiei- 
ature in tlie ojierating range, i.e.- sejiai ote 
into two immiscible phases. l'"reoii-12 is an 
example of tlie fiist class, and sulfur diox¬ 
ide an exaiiiiile of tlie secoml. Freoii-114 
(tetiafluorodinhlm’oethane) sliows critical 
solution temiieratures [is high as 00 F with 
some oils; lumce oil-1''-114 mixturtis aie us¬ 
ually siiigle-pliase oii the higli side, and 
two-phase on the low .side. Tyiiical curves 
for these relationshijis are shown in Fig. 1 5. 

Tlie jimoiirit of refrigerant whicli an oil 
will absorb from tlie vapoi' jdiase at a giviui 
oil temiierature and refrigerant pressure is 
mIso an imimrtaiit ciiteriim of lerrigeraiit 
sidulnlity. Tyjiical curves are shown in 
I'igs. 1 and 10. 

These soluiiility eharaeteristies luive an 
iin])oitaiit bivaring on lubrieant peidOrm- 
aiice. The extent to whieli an nil rlissnlves 
jefiigeijiiifc va[)or at ji given temperature 
and liack pressure rletermines the eiliictive 
viscosity of the oil-refrigerant mixture in 
the iiiaehiiie, ami heiiee affects its sealing 
])ower. If the oil sump is located on the 
low-pressure siile of the machine, this 
characteristic also affects the amount of 
foaming of the oil-refrigerant mixture 
wdien the compressor starts after an off 
cycle. 

As previously pointed out, if the critical 
solution temperature of the oil-refrigerant 
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mixture is appreciably liiglier tliaii the 
evaporator operating temperature, a two- 
phase system may exist in the evaporator. 
This condition alTects "oil-logging” of the 
evaporator, rate of oil return, and, in soine 
instances, may alTect evaporator tempera¬ 
tures, particularly if it is of the flooded 
type. In general, it may be said that high 
vuscosity index oils show less tendency to 
dissolv^e refrigerant from the vapor phase, 
and exhibit higher critical solution temper¬ 
atures in the liquid phase than do the low 
viscosity index naphthenic base oils. It 
must be reiterated, however, that the ef¬ 
fect of these characteristics can only be 
evaluated by actual performance tests. 

Q. Lubrication 

There are two general types of lubricat¬ 
ing ststems for refrigerator compressors— 
those used with open type compressors and 


those used with closed tyije compressors. 

a. In open type compressors (with open 
crankcases), the oil is withdrawn from the 
refrigerant system. This method of lubri¬ 
cation is usually fouml in large horizontal 
industrial compressors used in ice plants 
or inilustrial processes in wliich sejiarate 
systems for the lubrication of cylinders 
and bearings are used. In such cases, pis¬ 
ton and piston rod lubrication is provided 
by a pressure system winch injcM’.ts i)rD- 
determined amounts of oil into the stuff¬ 
ing box gland and cylinder, while bearing 
lubrication is provided by force feed, 
gravity, or splash systems. A lighter oil is 
used for cylinders than for the lubrication 
of bearings where the oil is exposed to 
greater pressure. 

Any excess of oil for cylinder lubrication 
should be avoided, otherwise it may form 
a coating in the expansion ceils and de- 
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crease the efficiency of the system. To 
prevent this, well rlesigiied systems are 
j)rf 3 vi(lefl with an oil separator on the dis- 
charj^e line which separates the oil en¬ 
train erl in the high pressure gas as it travels 
to the condenser. 

b. In closed type compressors, the same 
oil serves for the lubrication of bearings 
and cylinders and remains in the system. 
A heavier grade of refrigerating oil must 
be used in such machines. 

All industrial compressors which have 
l)een in service for some length of time 
sh[)ul(l l)e carefully inspected for wmrn 
parts and, if advisable, heavier oils should 
be recommended to avoid an excess of oil 
being puinjied into the expansion coils. 

10. Industrial Compressors 

Pressure lubrication is extensively used 
in large horizontal refrigerator compres¬ 
sors, wliile s])l!ish lubrication is better 
adapted to vertical compressors. 

Pressure luljrication permits more ac¬ 
curate control of the amount of oil de¬ 
livered to cylinder walls and bearings, but 
requires considerable piping and frequent 
attention by the operator, who has to refill 
the reservoir and regulate the flow of oil. 

a. Mechanical force feed lubricators. 
Cyliinlers anil bearings are extensively 
lubricated by mechanical lubricators con¬ 
sisting of a small rectangular tank, di¬ 
vider! into several compartments and lo- 
cateil above the parts to be lubricated. A 
plunger inechnnisiii is operated from cams 
or levers wliich are connected with some 
rotating part of tlic compressor. When the 
compressor is in operation, the plungers 
pump the nil througli clicc.k valves to cer¬ 
tain points in the cylinder walls, bearings 
and other moving parts. The amount of 
oil Clin be regulated by adjusting the 
plunger stroke. Frequently different grades 
of oil arc contained in the compartments 
of the tank for lubricating the compressor 
cylinders. 

Force feed lubricators for refrigerator 
compressors should not be open to the air 
or moisture will enter tlie .system. The 
function of these lubricators is to meter 
out the lubricant and deliver it to all 
points to be lubricated in minute pre¬ 
determined quantities. The amount sup¬ 
plied by each unit can be seen in the sight- 
glass, and any excess tends to cause par-» 


bonization at some of the hot spots fre¬ 
quently occurring in large industrial com¬ 
pressors. Care must be taken that the oil 
feed lines are filled before operation of the 
compressor begins. For this purpose a 
manual handcrank, which can also be oper¬ 
ated when it is found necessary to increase 
the supply of oil monientarilj^, is usually 
part of the lubricator. 

In large horizontal and vertical compres¬ 
sors with crossheads, the internal parts, 
cylinders, piston and rods arc lubricated 
by mechanical lubricators w’ith low pour 
test refrigerating oils. External parts such 
as bearings, pins, cros.s-head guides, gov¬ 
ernors, etc., arc serviced with macliiiie 
oils by an imlcpendent gravity or j)rcssurc 
circulating system. 

Ill the smaller horizontal couqircssurs, 
oil is introduced at the top-center of the 
cylinder and in double-acting compressors 
it is introduced in the middle of the cyl¬ 
inder. Automatic valves keep the oil in 
the feetl lines by checking back pressure 
during tlie compression stroke. 

In some systems the "injection method" 
is used. The oil is injected into the suction 
line aiul carried into the cylinders by tlie 
flow of gas, forming a film of oil over all 
exposed surfaces. This method is wasteful 
and there is always lianger that excess oil 
will cause sticky valves. 

In practically all compressirm macliiiie.s 
with recijnocating parts, the oil serves also 
as a seal in the stuffing boxes. Hot am¬ 
monia gas has a bad effect on the j)ai'king 
of stuffing l)i)xes, and sufficient lubricat¬ 
ing oil with a high flash point should be 
used to prevent oA^erheating, j)iston rod 
wear and leakage of gas. Lubrication is 
generally accomplished in a stuffing box 
by an "oil lantern" which is located be¬ 
tween two sets of packing, and consists 
of hollow spaces surrounding tlie rod into 
Avhich the oil is pumped from a reservoir. 
Another ny)ciiiiig from the lantern is con¬ 
nected with the suction side of the com¬ 
pressor and any gas which leaks by the 
packing rings is retunieil to the cylinders. 

In some types of double-acting com¬ 
pressors, the oil lantern also serves to 
feed the lubricating nil to the comi)ressor 
cylinder. In this iiiethod, the oil pene¬ 
trates past the piston rod packing and at 
the same time protects the pai;king from 
the biid effects of the ammonia. 
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Ammonia and carbon dioxide compres¬ 
sors are very similar to each other as far 
as construction and operation are con¬ 
cerned. The working pressure of carbon 
dioxide compressors is higher (from 900 to 
1000 lb) and consequently the cylinder 
temperatures are also higher. In both 
tyjies the lubricating oil must not car¬ 
bonize at the high temperatures in the 
cylinders, must have suihcient body (vis¬ 
cosity) to supply a protective film on all 
frictional surfaces, and must readily drain 
into the traps at the low temperatures 
encountered. 

Where CO 2 refrigerating machines are 
operated in the production of dry ice, a 
white oil may be required. Dry ice is fre¬ 
quently used in direct contact wdth food 
products and for this reason some oi)erators 
insist on a water-white oil which will have 
no effect on the odor or color of the dry 
ice should an appreciable amount of oil 
pass the traps. To avoid such i) 0 ssiblc 
contamination of the dry ice, some opera¬ 
tors are willing to sacrifice the slightly 
better lubricity of the pale oils. 

b. Oil separators. Most industrial re¬ 
frigerating systems are equipped with oil 
sej)arat[)rs to aid in the separation of the 
oil from the refrigerant. They are generally 
cylindrical tanks, witli baffles and a sight 
gJige glass to indicate the level of the nil. 
Particles of oil mixed with the gas after it 
has left the compressor, arc precipitated in 
the separator. 

c. Lubricating systems. Every ct)mpre.s- 
sor manufacturer has his own system of 
lubrication which serves his equipment 
best. Tor instance, in some older types of 
steam driven horizontal compressors, a 
splash system for cylinder w^alls and piston 
lubrication is used while the external parts 
are oiled by oscillating mechanical lubri¬ 
cators. In some of the latest models oil is 
pumped from the crankcase into a sump, 
circulated under pressure and returned 
tVirough filters to the crankcase. At the 
same time a mechanical lubricator forces 
engine oil to bearings and cjdinders, and a 
third oil system is used to regulate the 
operation of the governor. 

Another modification of the force-feed 
lubrication on large industrial compressors 
embodies a chain-driven gear pump which 
furnishes positive pressure lubrication. Oil 
from the reservoir enters the pump intake 


through a strainer and is discharged into n 
screen type filter which cun be cleaned 
while the compressor is operating. The oil 
is then passed through an oil cooler and 
distriliuterl through drilled passages or oil 
lines to tlie bearings, cross-head pins, 
guides, etc. Excess oil from the pump is 
bypassefl to the main reservoir or to the 
oil sump by a relief vah^e. Automatic de¬ 
vices stop the compressor in case of oil 
pressure failure. 

d. New compressors. A new compressor 
requires more oil for cylinders and bearings 
until the surfaces have become smooth and 
coated wdth an oil film. It is customary to 
break in new units with a refrigeration oil 
of lighter viscosity than is used in regular 
operation This oil is known as '^break-in" 
oil. 

After the e()in[)ressor is broken in, it is 
advisable to drain the oil, clean the crank¬ 
case carefully of all flirt, metallic particles, 
lint, etc. an l refill it with clean fresh oil. 
After the compressor has been started 
again, the oil level in the reservoir should 
be watched and oil addeil until the oil 
level is several inches al)ove the intake 
pipe, which should be marked “low level.” 
When the compressor is shut down and the 
oil has draineil l)iick into tlie reservoir, the 
oil level should he marked ”h)w level-idle” 
and after adtling oil another level is estab¬ 
lished for “high Icvel-iille.” After the com¬ 
pressor is started agfiin the resulting oil 
level is markeil as “high level” (running.) 

Frequency of oil change depends on 
operating conilitinns and tirne-efficieney of 
operation. Most manufacturers of large 
heavy-duty compressors recommend an oil 
change at least every ninety days. In¬ 
struction hooks furnished by each manu¬ 
facturer should be followefl carefully by 
the operating engineer. 

11. Splash Lubrication 

Siiialler industrial and commercial ver¬ 
tical refrigerator conipre.ssors have en¬ 
closed crankcases. Cylintlers, piston and 
bearings are lubricated by a splash or 
circulating system. In the splash system 
the oil (for cylinders anrl bearings) is 
storefi in the crankcase, and as the crank 
dips intf) the oil during each revolution it 
splashes a sufficient amount of oil spray 
to the cylinder walls, pistons, etc. An 
excess of oil in the crankcase would cause 
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violent ii^itiition or cliurniiiK of the oil by 
the crank, preventing precipitation of any 
foreign matter which might be in the sys¬ 
tem. fciuch excess oil might also enter the 
refrigerant circuit anrl prevent efficient 
operation of the condenser, evaporator and 
oil separator. 

Refrigerating oil for splash systems must 
have sufficiently liigh viscosity at compres¬ 
sion temperature to prevent excess oil con¬ 
sumption, bei'ause too light an oil will pass 
by the piston rings. iSince air can enter 
commercial refrigerating systems, the oil 
must be resistant to oxidation and very 
stable, so as to reduce carbon and gum 
formation to a minimum. 

12. Domestic and Small Systems 

During the earlier stages of develop¬ 
ment of these units splash lubrication was 
the system most commonly used. Some 
trouble occurred due to "foaming” in re¬ 
ciprocating com|)ressors installed in these 
smaller units. 

Foaming is invariably caused at the 
start of the cycle, when return gas has 
been absorbed in the oil and is suddenly 
released as the compressor starts lowering 
the pressure in the crankcase. There is 
always danger that foam iniglit be carried 
over to the high side of the coini)ressor 
with the refrigerant. 

This experience led to efforts to develop 
several systems of pressure lubrication in 
order to obtain positive circulation of the 
oil through the compressor. One type of 
pressure lubrication is similar to the lubri¬ 
cation of an automotive engine by an 
immersed gear pump in the crankcase. The 
pump discharges the oil under pressure 
(regulated by the speed of the gears) 
through small feed lines to the cylinder 
walls, or through drilled passages to the 
bearings. After forming the reipiircd pro¬ 
tective film, the surplus oil returns to the 
crankcase by gravity and is recirculated. 

Another type of pressure lubrication 
makes use of a rotary pump. Two blailes 
moving in a slotted rotor, pump the oil 
from a reservoir through drilled passages in 
the motor shaft to the bearings and cylin¬ 
der walls. In some units part of the oil is 
used to cool the motor winding before rt;- 
turning to the sump. 

Another system applies splash lubrica¬ 


tion to lubricate the cylinder walls. The 
bearings are lubricated by a reciprocating 
pump with a single oscillating cylinder 
operated from an eccentric on the crank¬ 
shaft. 

As stated previuusl}^, lubrication is pro¬ 
vided for when the manufacturer charges 
the unit with the refrigerant and oil before 
it leaves the factory. Both arc expected 
to last anti give satisfactory service for 
years. If an oil change should lie requiretl 
either the manufacturer or dealer shouhl 
do it, because they know the best type of 
refrigerating oil for their particular prod¬ 
uct. 

13. Driers or Cartridge 
Dehydrators 

Driers or cartridge dehydrators arc tub¬ 
ular appliances, containing moisture-ab¬ 
sorbing material such as silica gel, acti¬ 
vated alumina, anhydrous calcium sulfate, 
calcium oxide or anhydrous calcium chlor¬ 
ide, in a sack or in a disi^crsion tube. They 
are manufactured with capped or flanged- 
end shells which can be inserted into the 
liquid-circulating line. Refrigerator manu¬ 
facturers and service men insert them iji 
commercial and sealed units to remove 
moisture from the system. After the liquid 
refrigerant and the oil circulate tliroiigh 
the cartridge for a specified time the cart¬ 
ridge is disconnected. 

14. Lubrication of Bearings 

On large heavy-iluty refrigerator com¬ 
pressors a gear j)umjj or motor-driven 
centrifugal pump forces oil to a header 
supplying oil to the bearings. Floor lubrica¬ 
tion (splash system) is also used, as previ¬ 
ously described. 

Large inilustrial horizontal or vertical 
refrigerating compressors use an independ¬ 
ent gravity pressure circulation or force 
feed lubricating system. In either of these 
systems the oil should go through a separa¬ 
tor if it is contaminated with water. 

Bearings are frequently lubricated by 
ring and chain oilers. A ring oiler consists 
of a machined ring having a larger diameter 
than the journal. The ring rotates with the 
journal, picking up oil from a re.servoir and 
carrying it up to the bearing surface. This 
surface generally contains grooves for the 
distribution of the oil over the entire sur- 
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face, after which the excess oil runs back 
into the reservoir. The level in the oil 
reservoir must be maintained sufficiently 
high so that the ring always dips well into 
the oil. Ring oilers are used for the lubrica¬ 
tion of outboard crankshaft bearings of in¬ 
dustrial reciprocating compressors and for 
rotor bearings of centrifugal compressors. 
Cliain oilers operate on the same prineijde 
as ring oilers, except an endless chain is 
substituted for the ring. 

Oil also acts as a shaftseal (where the 
shaft passes through the casing) in com¬ 
bination with the lapped metallic seals. 
This arrangement prevents air from enter¬ 
ing the system and the loss of refrigerant 
to the atmosphere. In centrifugal compres¬ 
sors oil is supplied to the seal by pres¬ 
sure during operation and the metal seal 
faces are separated by oil pressure. When 
the compressor is m)t operating a metal-to¬ 
rn etal seal is made under oil. 

Outboard bearings arc also lubricated 
with sight-feed oilers consisting of a cylin¬ 
drical cup filled with the oil which flow’s 
through a tube into a hole in the bearing. 
A glass is inserted in the oil tube so that 
the flow’ of oil is visible and can be regu¬ 
lated by a needle A’alve inserted in tlie tube. 

15. Air Conditioning Equipment 

The lubrication of small unit type air 
conditioners is similar to that previously 
covered under domestic and small systems. 
The original charge of refrigerating oil 
anti any necessary service should be taken 
care of by the manufacturer or dealer from 
whom the equipment wais purchased. In 
railroad, trucking, bus and airplane ap¬ 
plications, wdiich place more severe service 
on these units, regular insjjcction and over¬ 
haul periods arc customary. 

In vertical reciprocating compressors of 
small and medium tonnage, splash lubrica¬ 
tion is mostly used. 

In large centralized systems (large 
theaters, hotels, department stores, hos¬ 
pitals, industrial plants, office buildings, 
etc.), pressure lubrication is used in the 


large type horizontal and vertical com¬ 
pressors for the lubrication of cylinders and 
piston rods, etc. In some designs an over¬ 
flow pipe from the stuffing-box oil lantern 
carries the oil to the suction line and de¬ 
livers it to the cylinder. 

Force-feed lubricators are also used. 
Some compressors in this service contain 
an enclosed type of force feed pump 
located on the bottom of the crankcase and 
driven from the main shaft. Such a pump 
alw’ays has positive suction and delivers 
oil through feed lines to all moving parts 
under positive pressure. 

The bearings of motors and fans userl 
for tlie distribution of the cooled air are 
mostly of the antifriefif'n type, and their 
lubrication is identical with such bearings 
in industrial use. The lubricant must pro¬ 
tect tlie highly jiolished surfaces from pit¬ 
ting and corrosion, must seal tlie housing 
against foreign matter (dirt and w’atcr) 
and must support sliding and rolling con¬ 
tact within tlie housing. Oil or grease serve 
as the lubricant. The recommendations of 
the maiiufacturer of such hearings, which 
are based on the service, operating condi¬ 
tions, speed and temperature, should be 
followed. 

Before air is tionditioiied for circulatiiui, 
dust and dirt should be removed. Various 
types of filters and cleaners are used to 
clean the air thoroughly w’ithout offcriiig 
too rnucli resistance tr) the air flow. Some 
of these filters in large air conditioning 
systems employ a viscous oil film to hold 
dust and dirt. The coating which graflually 
accumulates renders the filters iiieflicieiit 
unless cleaned and reoileil. Self-cleaning 
automatic filters are on the market in which 
screen panels rotate continually through an 
oil reservoir at the base of the filter, and 
the dirt is washed oil and accumulated in 
a sludge-pan. The oil in the reservoir is 
changed whenever it becomes too saturated 
with dirt. 
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18. MOISTURE AND DRYING METHODS 


1 . Moisture in refrigerating machines 
constitutes a most important problem for 
both the manufacturer and service man. 
Jiliigineering has solved most of the me¬ 
chanical problems in refrigeration, while 
jiroducers have virtually eliminated dif¬ 
ficulty due to refrigerants, unless they are 
mishaiidled. In the main, satisfactory lub¬ 
ricating oils have been provided, reducing 
trouble from this source to a minimum. 
However, moisture is still found in ma¬ 
chines. Absence of moisture above an al¬ 
lowable minimum is absolutely essential 
to satisfactory machine operation. It is 
therefore imperative that moisture be 
eliminated during manufacture, that en¬ 
trance of moisture in a system be guarded 
against in all field operations and that 
when it does get in, removal be accom- 
])lished as siiecdil}’ as possible. Moisture 
may be present in a system as the result of: 

1. Faulty drying of equipment at fac¬ 
tory and in service operatitins 

2. Introduction during assembly" or serv¬ 
ice operations in the field 


3. Ijow-side leaks, resulting in entrance 
of moisture-laden air 

4. Leakage of water condenser 

5. Oxidation of certain hydrocarbon.s of 
oil, to produce moisture 

Ik Wet oil and/or refrigerant 

7. Decomposition of motor insulation 
in henneticall}^ sealed units. 

Item 1 w’ill be discussed Vtelow, and items 
2 to 5 may be corrected by proper servic¬ 
ing. Moisture is present in sucli small 
amounts in refrigerants oml oils which are 
bought to specification and j)roi)erly 
handled thereailei, that virtually no dif¬ 
ficulty arises from thest* sources. 

Effects of Moisture 

2. The presence of m[)isture in a refrig¬ 
erating system may result in one or all of 
the following undesirahh* effects: 

1. “Fre(‘ziiig uj)” at ex])ansion valves nr 
eai)illary tubes, ice in evaporators 

2. (yorrosiun of metals to ff)rm sludge 

3. Flajiper-valve failure 



Fig. 1. Solubility of Water in Refrigerants 
I3ZQ1 
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4. Copper plating 

5. Chemical damage to insulation, etc. 

Ice separates from the Freon refriger¬ 
ants, methyl cliloride, methylene chloride, 
butane, and isobutane, whenever the 
amount of moisture is sufficiently great 
and tlic temperature of the refrigerant low 
enough. The latter aecourits for the for¬ 
mation of ice in expansion valves, capillar}^ 
tubes and evaporators, but not elsewhere 
in the machine. 

In low-temperature units a frozen ex¬ 
pansion valve or capillary tube may result 
due to the separation of wax from oil- 
methyl chloride or oil-Freon mixtures.^ 
The presence of wax may be? demonstrated 
by washing the expansion valve with a 
small amount of carbon tetrachloride, and 
evaj)orating the solution so obtained. 
White wax or an extremely viscous oil- 
wax mixture proves that wax is the of¬ 
fending element althougli it does not rule 
f)iit moisture. The wax sejiaration char¬ 
acteristics of the oil should be determined,* 
and if the oil is not satisfactory another 
should be used. 

The separation of water, as ice, is related 
to the solubility of water in a refrigerant. 
The solubility of water (ice) varies with 
the different refrigerants mentioned above, 
and is great enough in ammonia, carbon 
dioxide, and sulfur dioxide so that freeze- 
ups do not occur. The greater the solubility 
td' water in a refrigerant, the less likely 
that ice will s(^])arate. Fig. contains 
curves representing the solubilities of 
water in Freon 11, Freon-12, FrBon-21, 
Frenn-22, Freon-113, I'Veon-lH, methyl 
chloride and methylene chloride. No data 
are available for butane ami isobutane. 

3. The corrosion of metals occurs when¬ 
ever the (piantity of water exceeds certain 
fairly well delined values.* Table 1 con¬ 
tains the results of tests conducted on steel 
in glass tubes where tlie quantity of water 
could be clearly defined. 

Limits for copper, brass and aluminum 
are sliglitly higher iii all three refrigerants. 
Aluminum in methyl chloride is eliminated 
from moisture corrosion consideration, 
since a direct action occurs resulting in 
the formation of spontaneously flammable 
products.^ Higher temperatures, encoun¬ 
tered in the cojnpressor and condenser, 


will lower these limits appreciably, so that 
corrosion occurs with less moisture in a 
machine at these points than with steel 
at room temperature. 

The mechanism of corrosion, which re¬ 
sults in the formation of metallic salts, 
(sludges) has been studied.'’ Water reacts 
with sulfur dioxide, methyl chloride and 


Table 1 


Water 

Refrigerant by 

weight, % 

Results 

Sulfur dioxide 0.03 

Slight discoloration 

0.10 

Slight scale 

0.15 

Heavy scale 

Presence of air did not 
affect results 

Methyl chloride 0.02 

Slight discoloration 

0.03 

Marked discoloration 
Very slight scale 

0.05 

Moderate to heavy scale 
Presence of air increased 
corrosion in all cases 

Freon-lZ 

Similar to methyl chlo¬ 
ride 


Freon-12 (hydrolysis*' '’’) to form siilfiirous, 
liydrochloric, and liydrofliioric acids, re¬ 
spectively. These acids react with iron, 
copper and aluminum (see also direct 
action aluniinuni on methyl chloride) to 
form metallic salts (sludges) of well defined 
composition. By chemical analysis of tlicse 
salts it is pos.sible to demonstrate their 
origin as being due to water. Chemical 
analysis thus becomes important. 

Approximately 90% of the sludges pro¬ 
duced in refrigerating systems are due to 
jnoisture;® the otliers are a.ssociated with 
oil, or minor causes. 

Corrosion in a sulfur dioxide system pro¬ 
ceeds within a few days, or even hours, 
provided enough water is present, whereas 
it is much slower for methyl chloride and 
Freon-12. This is due to the very rapid 
action of water on sulfur dioxide and the 
rather slow action of water on the other 
two refrigerants, to produce the acids re¬ 
sponsible for corrosion. 

In the presence of air, corrosion is much 
worse in all refrigerants except sulfur diox¬ 
ide. Corrosion in a butane or isobutane 
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system is due to the direct action of water 
and perhaps air, on metals. 

Waring'*^ has shown that a r(‘lativel\' 
large quantity of moisture in a reciprocat¬ 
ing system using Freon-12 as refrigerant, 
results in accelerated flapper-valve break¬ 
age. The same system, overhauled com¬ 
pletely and rquipped with an einpient 
drier, operated indefinitely without flap- 
])er-valve breakage. Incipient corrosion, 
probably of an intercrystalline nature, was 
advanced as the cause of fatigue failure of 
the flapper-valves. 

Copper plating may be the result of the 
action of, or related to, moisture,’ but a 
prr)per relatirmship seems difflciilt to es¬ 
tablish . 

Consideration of the foregoing shows 
that the amount of water present in a re¬ 
frigerating system must be small enough 
to avoid ice separation and corrosion. 
With sulfur dioxide, corrosion alone must 
be avoided, which probably limits the 
maximum water content to below 0.03%. 

Some limited information'* regarding the 
water content of machines that are operat¬ 
ing satisfactorily is given in Table 2. 

Tliese data indicate that the moisture 
tolerance of Freon-12 is lower than for 
methyl chloride. This is quite generally 
borne out by exi)erience in manufacturing 
and servicing. Since the quantity of mois¬ 
ture required to prorluce cf)rrosion is well 
above that cau.sing a freeze-up, elimination 
of freeze-ups should exclude corrosion of 
the type due to water. 

Drying Methods 

4. There are three general requisites of 
a satisfactory process of drying refrigerat¬ 
ing equipment, namely, heat, time and a 
method for the removal of moisture. 

a. Heat, which is necessary for the evap¬ 
oration of water, may be apjdied by plac¬ 
ing the equipment in an oven, using hot 
air or heating the apparatus with a flame, 
wherever possible. 

b. Time is required for the evaporation 
of water, the elimination of water adsorbed 
on the various surfaces and the removal of 
the water from the equipment with dry 
air or by means of a vacuum. 

c. In general, higher temperatures cut 
down, but cannot reduce the time requirc- 


Table 2. Moisture Content of Machines 
Considered Sufficiently Dry for 
Normal Operation 


Com¬ 

pany 

Refrig¬ 

erant 

Water by 
weight, 

% 

Type of system 

A. 

Freon -12 

.0027 

Large commercial 


Freon -12 

.0026 

Large commercial 

B. 

FrBon-12 

.0037 

Domestic hermetic 


Freon-lZ 

.0037 

Domestic hermetic. 


FreDn-12 

.006 

Domestic unit re- 




turned due to 
moisture 

C. 

CH:,C1 

.0D5S 

Small commercial 


CH,C1 

.0058 

Small commercial 

D. 

CH,,C1 

.007 

Small commercial 


CH 3 CI 

.005 

Small commercial 

E. 

Frcon-12 

.002 

Hermetic 


Freon-lZ 

.003 

Hermetic 


Freon-lZ 

.003 

Small commercial 


Freon-lZ 

.002 

Hermetic 


Freon-lZ 

.002 

Small commercial 


Freon-12 

.003 

Hermetic 


inent below a minimum which must be set 
for each i)rocess, typi^ of equipment anil 
the degree of drying desired. A current of 
dry air drawn or blnwm through the equip¬ 
ment removes moisture as it beeornes 
totally or partially saturated. Tlie rate of 
flow should be higli enougli to avoid com¬ 
plete saturation of the air in order to mini¬ 
mize the danger of deposition of moisture 
in some cooler portion of the equipment. 
On the other hand, there is little to be 
gained by the use of a very high rate ol 
air flow, since the amount of water re¬ 
moved per unit f»f air will be small. Since 
hermetic windings can be damaged by too 
high temperatures or too long a time in the 
dehydration oven, caution should be exer¬ 
cised in setting up a drying procedure. 

Dry air may be manufactured by several 
methods, among which are: 

a. Removing the major part of the mois¬ 
ture with a refrigerating unit, followed by 
more complete drying in a unit charged 
with activated alumina, silica gel, or Drier- 
ite. 
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I), The u.se of a drier unit, charged with 
activated alumina, silica gel, or Drierite, 
and equipped with heating units (electrical 
or steam) for the regeneration of the drier. 
Normally, such units are provided in pairs, 
so that continuous operation may be as¬ 
sured. Fenwick® describes a unit which, 
along with others, is eoininercially avail¬ 
able. 

Under some circiiinstances in the field, 
where the equipment cannot be heated, 
anhydrous methanol (methyl alcohol) has 
been used to flush out moisture. The alco¬ 
hol, having a lower boiling point, may be 
removed more readily than water with a 
stream of dry air, carbon dioxide or oil- 
pumped nitrogen, or with the application 
of a vacuum. Under no circumstances 
should methanol in quantity be allowed to 
remain in the system, since it will produce 
corrosion.^® Methanol, in (piantitics some¬ 
what less than 1%, does not induce rapid 
corrosion and moreover exerts an anti¬ 
freeze action. 

Vacuum 

5. Air is evacuated from equipment by 
using mechanical vacuum pumps or, in 
some instances, water suction pumps." 
The latter arc not in general desirable 
since fluctmitioii of water pressure may 
cause tliein to suck water back into the 
equipment being evacuated. Moreover, 
tbe vacuum obtained never exceeds the 
vapor j)ressurc of the water used to operate 
the pump. 

The boiling point of water is lower in a 
vacuum and consequently a lower temper¬ 
ature is required to evaporate moisture 
tiuin at higher pressures. Water boils at 
approximately 104 F, under 2S in. of 
vacuum, and at 59 F, under 29.5 in. In 
general, temperatures much higher than 
these are employed with the vacuum 
method of drying. 

Whether dry air or a vacuum is em¬ 
ployed seems to make little difference, 
provided proper equipment is used for 
producing dry air or the desired vacuum, 
and the time and temperature require- 
nient.s are met. Goildard'*” has .shown that a 
vacuum treatment, followed by breaking 
the vacuum with dry air, when the vacuum 
period is concluded, gives additional dry¬ 


ing, since the water remaining as a gas is 
removed by flushing with air. Carbon di¬ 
oxide, oil-pumped nitrogen or gaseous 
refrigerant may be employed in lieu of air. 
Andersoid^ has shown one very desirable 
feature associated with the use of dry air, 
namely: when air is drawn through equip¬ 
ment restrictions and plug-ups are re¬ 
vealed; when a vacuum is employed neither 
is indicated. Blair and Calhoun^^ have 
pointed out a fallacy in the assumption 
that a low-pressure reading of an evacu¬ 
ated system insures the removal of all 
moisture in excess of that corresponding to 
this pressure. This is due to failure to 
reach true equilibrium conditions. 

Little has been published concerning the 
drying procedures used by the major re¬ 
frigerating machine manufacturers or em¬ 
ployed by service engineers in the field. 
A few articles indicate the time, tempera¬ 
ture, and moisture removal methods of a 
few procedures. The Westinghoiuse proc¬ 
ess for domestic units is described by An- 
dersoii^^ involving a series of nine units, 
an oven temperature of 257 F, the use 
of air dried (not exceeding dew point of 
— 5S F) with calcium chloride and po¬ 
tassium hydroxide and admitted under 
controlled low pressure, and a time (not 
revealed) suflicient for complete drying. 
A moisture test is made on the ninth unit. 

Wile^^ describes, in very general terms, 
the drying method used by Savage Arms 
Corporation, for ice cream cabinet units. 
Better than ordinary drying, necessitated 
by the low temperatures involved, is at¬ 
tained by "dehydrating each piece of 
equipment ... at high temperature and a 
very fine vacuum." This procedure ap- 
pareiith^ results in systems sufficiently dry, 
but silica gel drier units are placed on each 
machine as an additional precaution. 

A general article® gives a drying pro¬ 
cedure for sulfur dioxide machines, which 
includes heating in an oven at 250-275 F 
under vacuum (greater than 29.5 in.) for 
4 hr. This is claimed to reduce the mois¬ 
ture content of the machine to approxi¬ 
mately 0.0095 oz of water per cu ft of 
internal machine volume. As a means of 
removing the water vapor remaining in 
the machine, flushing with dry air is advo¬ 
cated. A discussion of drying by vacuum 
treatment at room temperature and flush- 
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ing with dry air is also included in this 
arti cle. 

A number of articles have been written 
covering drying procedures employed by 
service men. Newcuni^^ describes a method 
and apparatus for cleaning and dehydrat¬ 
ing equipment in the field which involves 
drawing a vacuum on the system while 
heating it progressively toward the outlet 
connected to the vacuum pump. When this 
jnocess is finished, dry hot air is admitted 
through a drier unit for some time. Prop¬ 
erly carried out, this procedure should re¬ 
sult in dry equipment. Fenwick** describes 
a system and apparatus for producing dry 
air and for drying units in the field as well 
as in the factory. Details of operation are 
given. A dehydrating unit which can be 
built in any well equipped shop is dis¬ 
cussed by Dinsmoor.*^ 

Control of Drying Operations 

6. Proper control of drying operatif)ns 
is necessary if moisture difficulties are to 
be avoided. How may the manufacturer 
be certain that all equipment is dry and 
what routine checks may be used to catch 
"wet” machines before they reach the 
1 ‘iistomer? Routine checking of the finished 
machine varies with the type of drying 
process eiiiployed. Where a stream of air 
is used, a dcw-pf)int determination of the 
outgoing fiir has been employed. Fenwick* 
advocates the use of a dew jioint of —40 F 
(equal to 0.04(3 gr water per cu ft) for 
the air leaving the equipment, as proof 
that it is dry. 

Anderson’2 detnrrjiiiies tlie residual mois¬ 
ture in the last machine of a series, which 
has been dried with air, by drawing off the 
moisture into a liquid air trap and from 
this calculating the quantity in the ma¬ 
chine. 

McGovern” recommends drawing a vac¬ 
uum on the equipment being tested, clos¬ 
ing off the system and observing the pres¬ 
sure rise, if any. If no pressure rise occurs 
after a time, the machine may be consid¬ 
ered dry, .since moisture remaining in the 
machine will create its own ga.s pressure. 

Moisture may also be determined b}^ 
removing a portion of the liquid refriger¬ 
ant from a machine which ha.s been oper¬ 
ated for several hours and until the mois¬ 
ture is in equilibrium throughout. The 


quantity of moisture in the removed sam¬ 
ple is determined by the phosphorous pent- 
oxide method.^® Recently Walker and 
Rinclli'” developed a method applicable to 
methyl chloride, methylene chloride and 
the Freon refrigerants which makes possi¬ 
ble routine analysis of a very large number 
of machines. 

A standard’^ for refrigerant system tub¬ 
ing and cooling coil has been set at a maxi¬ 
mum permissible moisture content of lU.O 
milligrams per liter (300 milligrams per cu 
ft) of internal volume. A method for deter¬ 
mining the moisture content was outlined. 

Driers 

7. After a machine has been installed, 
overhauled, recharged, etc., moisture is a 
very frefiueiit cause of t’ouble. In the ab¬ 
sence of other difficLdtics, a machine may 
be put into satisfactory operating enndi- 
tion by tlie removal of moisture with a 
drier. A drier is a chemical comi)f)iiud capa¬ 
ble of adsorbing, or reacting chemically 
with the moisture contained in the liquid 
or gaseous refrigerant-oil mixture. The 
drier is placed in a suitalde unit equiiiped 
with screens anil filter pads to ])revent the 
solid drier from enterijig the refrigerating 
system. The drier unit, in ailditioii to hold¬ 
ing the drier, functions as a filter anil re¬ 
moves any solid found in the liquid or 
gaseous refrigerant reaeliing it. 

There are several suhstances which have 
been used as driers in tlie cliemical labora¬ 
tory. Information concerning these driers 
has been published in a serins of ])a- 
pers.’®-’*-'^® The data from these ])apiTs 
are not applicable directly to tlie iiroblem 
of drying a refrigerant and consequently 
more is to be gained from several general 

articles.2'-22.2n.G.24.3 

In order that a chemical substance be 
acceptable for use as a drier, it must pos- 
sc.ss, in addition to thi^ jirojierty of water 
removal, characteristics which eliminate 
any possibility of undesirable reactions 
with the refrigerant, oil or machine parts. 
Activated alumina, silica gel, Dricrite, cal¬ 
cium oxide and calcium chloride have been 
most widely used, the first three being 
rated highly acceptable. 

Table 3 contains the result.s of tests^ and 
shows the relative efficiency of several 
driers. 
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Tabic 3. Drying Power of Various Materials 




Liquid or 

Maximum residual moisture,* % 

Drier 

Refrigerant 

(Initial water 

concentration) 




-25% 

■ 0z% 

Activated alumina 

Sulfur dioxide 

L 

.15 

.005 



V 

.01 



Methyl chloride 

L 

.02 

.006 



V 

.01 


Silica gel 

Sulfur dioxide 

L 

.15 

.006 



V 

.01 



Methyl chloride 

L 

.01 

.004 



V 

.01 


Drierite 

Sulfur dioxide 

L 

. 15 

.009 

(Calcium aulfate) 


V 

.OB 



Methyl chloride 

L 

.05 

.005 



V 

.04 


Calcium chloride 

Sulfur dioxide 

L 

.OQ 

.013 

CaCh 


V 

.03 



Methyl chloride 

L 

.10 

.005 



V 

.04 


Calcium oxide 

Sulfur dioxide 

L 

.20 

_ 

CaO 


V 

.15 



Methyl chloride 

L 

.15 

— 



V 

.08 


Barium oxide 

Sulfur dioxide 

L 

.20 

.017 

BaO 


V 

.15 



Methyl chloride 

L 

.05 

.006 



V 

.05 


Zinc 

Sulfur dioxide 

L 

.25 




V 

.25 


* JOx [‘JurliiiK inmplon whic.h 

wnrr of dtifinitnly prior Krndo. 





A brief diseiission rd the viirious driers 
which have been Miid/nr are beiiim used in 
the refrigeratinii industry is given below. 

Activated alumina^'’ is a granular aluini- 
nuin oxide which removes moisture l)y ad- 
soryition. It also adsorbs aciils.-'* It dusts 
slightly on handling l)iit this is not a, source 
of trouble. It has had extensive and satis¬ 
factory use witli sulfur dioxiile, methylene 
eliloride, methyl chloride, Freon-11 and 
Freon-12, is used with sulfur dioxide in 
vayior phase (suction line) only, with other 
refrigerants in either suction or liriuid lines, 
usually the latter. It may be left on the 
machine indefinitely. 

Silica is a glass-like silicon dioxide 
gel which removes moisture by adsorption; 
does not dust. (See additional remarks un¬ 
der activated alumina.) It also adsorbs 
acids. 


Drierite^" is anhydrous calcium sulfate 
prepared as a granular white solid. It re¬ 
moves moisture by chemical action. It 
du.sts somewhat more than activated alu¬ 
mina but this does not cause trouble. 
Drierite is also cast in sticks. (See addi¬ 
tional remarks under activated alumina.) 

Calcium oxide removes water and acid 
by cliemical action. It dusts somewhat. 
It cannot be used with sulfur dioxide but is 
satisfactory for other refrigerants. It rates 
as a fair drier with tendency to jiowder 
when excess moisture is present. 

Calcium chloride removes water by 
chemical action and is not rated as a drier 
capable of reducing the moisture content 
to a low level. It may be used with all re¬ 
frigerants. Excess moisture produces a 
solution of calcium chloride which is 
highly corrosive. It will not remove acid. 
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Unlike activated alumina, silica gel, Drier- 
itoand calcium oxide, it should not be left 
on a machine longer than a few days, and 
calcium chloride should be used with 
caution. 

Barium oxide removes moisture by 
chemical action but should be used with 
care since it has been known to cause ex¬ 
plosions.^^ It powders considerably after 
reaction with water. 

Magnesium perchlorate, barium per¬ 
chlorate. These arc powerful oxidizing 
agents and have caused serious explosions 
with oil and methyl chloride. 

Phosphorus pentoxide is an excellent 
drier, but its fine powdery form makes it 
diflicult to handle and produces extensive 
resistance to flow of gas and/or liquid. A 
mixture with quartz^® has been accorded 
limited use. 

Soda-lime is a mixture of calcium oxide 
and sodium hydroxide. Its use has been 
limited and it is not recommended as a 
satisfactory drier. 

Factors in the Use of a Drier^ 

8. Since a drier is extremely sensitive 
to moisture, it must be protected from it 
at all times until ready for use. Handling 
a drier in moist air must be avoided, and 
for this reason it is recommended that the 
drier be obtained in a factory-packed unit, 
or that it be prepared for use in the unit 
under conditions which will preclude con¬ 
tamination by Jiioisturc. 

TIh^ position of a drier unit on a machine 
is important. A liquid feed line should enter 
the drier unit at the bottom with the cx- 
liaust at the toj). Tliis arrangeineiit will 
insure the most uniform contact b(^twccn 
refrigerant and drier. If a drier is placed 
vertically in the suction line, the feed 
should be at the top with the exhaust at 
the bottom in order that the nil may be 
blown down through and out of the drier 
unit. 

A very important factor hearing on the 
whole problem of the use of a drier is the 
question of rate of moisture removal and 
the time a drier unit must be left on the 
machine. A critical glance at the problem 
will show that the time is longer than is 
often assumed. To take a specific example, 
suppose that three drops of water get into 
an otherwise dry system containing 3 lb 


of refrigerant. These three drops of water 
would amount to about .02% moisture. 
Since this amount of water in methyl chlo¬ 
ride is sufficient to cause discoloration of 
steel and may freeze out at temperatures 
slightly below zero, it would appear ad¬ 
visable to dry the system down at least to 
.01% moisture. Suppose noAv that J lb of 
methyl chloride circulates per hr, which 
would represent a typical normal load in a 
household machine, Then in the first hour 
not more than one-sixth of the moisture 
would be removed, even if the drier did a 
complete job of moisture removal. Fur¬ 
thermore, since the returning drier refrig¬ 
erant would dilute the wet refrigerant, the 
feed liquid would become progressively 
drier and less and less water could be re¬ 
moved by the drier. Hence, under even 
these ideal cuiiditioiis, considerably more 
than 6 hr wouhl be required. In addition, 
moisture will tend to collect in tlie evapo¬ 
rator of a flooded system, because even in 
relatively small concentrations it vaporizes 
much less readily tliiin the refrigerant. 

Also, in eitlier a flooded nr dry type sys¬ 
tem, it is highly probable that at least part 
of the water will be dissolved or entrained 
in the oil entering thi^ eompressor and will 
take a long time to be carried over into the 
refrigerant cycle where it can be reinovi'd. 

As a further consideration, it must be 
recognized that no drier will reduce tlie 
moisture content to zero even iiiuler ideal 
conditions, while under i)r!ictical refrigera¬ 
tion conditions the eflieiency f)f the drier is 
apt to be considerably less than ideal. 

Acrolein is required in some cities as a 
warning agent for use with methyl chlo¬ 
ride. Tests'* show that activated alumina, 
.silica gel and barium oxide reduce the acro¬ 
lein content of metliyl chloride approxi¬ 
mately 80, 40 and 50%, respectively, over 
a period of 70 days. Calcium chloride, Dri- 
erite and calcium oxide do not appreciably 
reduce the acrolein content in the same 
time period. 
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19. LOAD CALCULATIONS 


^0 SELECT refiip;enition equipment 
^ which will result in a balanced system, 
it is first necessary to calculate the heat 
load of the refiiKeiator. A rati final estimate 
requires an understanding; of the heat 
sources and heat transfer. Theie are four 
general sources of heat in a refrigerator: 
wall heat gain, air changes, proiluct loail, 
misrellaneous. Eor a complete calculation, 
f'adi of the four sources must be treated 
sejiarately to determine the total. 

E Wall heat gain. The heat gain through 
Willis, floor and ceiling will vjiiy with the 
folhiwing factoi's: tyjie of insulation, thick¬ 
ness of insulation, consti'uction, outside 
wall area, Jinfl temperiiture diffcrfuice be¬ 
tween refrigerator iLiid aiuhient air. 

The hent transfer factor with cork or 
equiVillont insulation at viirious tempera¬ 
ture dilTfa ences are listed in Table 1. The 
thickness of cork referrerl to in this table 
is actu/il cork oi- equivident insulation 
thickness and not the oveiall wall thick¬ 
ness. The comjiaiativc values of various 
insulation materials can be found in Clni])- 
ter 12, Table 1. 

The. coefficient of tiiiiisnuttaiice, E of 
tlie wall ciin lie found by the following 
erpiatifui: 


i/ZH-LA-i-i/A 


where 

IJ = cocftirieiit of transmittance, lUu/hr F 
sq ft 

L = thickncss of tlic wall, in. 

/c = conductivity of malerial in wall, Ltu 
per hr F sq fl per in. 

/»=insidc film or surface conductance, 
BLu/hr F sq ft 

/u = outside film or surface rnnihictame, 
Btu/hr r sq ft 

ji and/n arc frequeiilly usim] as 1.05 and 0 
resjiectively. 

With thick walls ami low c[)iiductivity, 
the resistum* L/k inaki's (/ so smnll tliat 
\/fi and j//ii hiive little eflect, and can be 
omitted for calculation. As walls ore sel¬ 
dom made oT one imiterial, the value 
L/k represeiiLs the coiniiosite value of the 
several materials used in seri[‘s to the heat 
flow, and for a Wiill with fhit parallel sur¬ 
faces of materials 1,2, I}, etc., 

Li/ki-\- Iji/k'i -+■ La//Cg -1" 

where Li, In, i-tc. are tlie thicknesses 
ami ku h, h, etc. are the conductivities of 
the several materials used. 

Having estMlilished tlie conflicient of 
transmittance f/, the heat leakage is 
given l)y the basic equation: 

Q = UAM fd) 


Table 1. Wall Heat Gain 

(Btii pel- sri ft per 24 hr) 


IiisulatiDn | 


TemperatUTE difference (ambient temp rainuE rEfrigeralDr temp), deg F 


equivalent 

in. 

' 

40 

45 

50 

55 

60 

65 

70 

75 

80 

B5 

90 

95 

I too 

105 

i 

110 

115 

120 

3 

2.4 

06 

108 

120 

132 

144 

156 

168 

180 

192 

204 

216 

22B 

240 

252 

264 

276 

288 

4 

l.B 

72 

81 

90 

99 

108 

117 

126 

135 

144 

153 

162 

171 

1BD 

1B9 

198 

207 

216 

5 

1 .44 

5a 

65 

72 

79 

87 

94 

101 

108 

115 

122 

130, 

137 

144 

151 

159 

166 

173 

6 

1.2 

48 

54 

60 

66 

72 

78 

84 

90 

96 

102 

IDB 

114 

120 

126 

132 

138 

144 

7 

1 .03 

41 

46 

52 

57 

62 

67 

72 

77 

82 

BB 

93 

98 

103 

108 

113 

118 

124 

B 

0.90 

36 

41 

45 

50 

54 

59 

63 

68 

72 

77 

BI 

B6 

90 

95 

99 

104 

IDB 

Q 

0.80 

32 

36 

40 

44 

48 

52 

56 

60 

64 

68 

72 

76 

BO 

84 

88 

92 

96 

10 

0.72 

29 

32 

36 

40 

43 

47 

50 

54 

58 

61 

65 

6B 

72 

76 

79 

83 

86 

11 

0.66 

26 

30 

33 

36 

40 

43 

46 

50 

53 

56 

60 

63 

66 

69 

73 

76 

79 

12 

0.60 

24 

27 

30 

33 

36 

39 

42 

45 

48 

51 

54 

57 

60 

63 

66 

69 

72 

13 

0.55 

22 

25 

28 

30 

33 

36 

39 

41 

44 

47 

50 

52 

55 

58 

61 

63 

66 

14 

0.51 

20 

23 

26 

2B 

31 

33 

36 

3B 

41 

43 

46 

49 

51 

54 

56 

59 

61 

Single glass 

27.0 , 

1080 

1220 

1350 

1490 

1620 

1760 

1890 

2030 

2160 

2290 

2440 

2560 

2700 

2B40 

2970 

3100 

3240 

Double glass 

11.0 1 

440 j 

500 

550 

610 

660 

715 

770 

825 

880 

936 

990 1 

1050 

1100 

1160 

1210 

1270 

1320 

Triple glass 

7.0 1 

280 

320 

350 

390 

420 

454 

490 

525 

560 

595 

630 

665 

700 

740 

770 

BIO 

840 


Nole; WhiTp wood Htude are UBed multiply the above values by I.l 


( 3371 
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whore 


Table 3. Allowance for Solar Radiation 


Q = heat leakage, Btu/hr 
[7 = eoclfieient i)f transmittanee, Btu/hr F 
sq ft 

A =f)ulHide area i)f Hiieliuii, aq ft 
zii = tJifferencc between average outside 
temperature and average refrigerator 
temperaturE;, deg F 

Tilt; refiigeratinji industry has toiitltid to 
standarrlizo as to tlit; iiiiiiiimiin insulation 
of a rnfrigerator. Table 2 is a list of recom- 
iiieiiiletl miniinurn insulation thieknessos. 


Table 2. Minimum Insulation Thicknesses 


Storage 

temperature 

F 


Cork or equivalent 
thickness (Inches) 


Northern Southern 
U. S. U. S. 


50 to 60 

40 to 50 

25 to 40 

15 to 25 

0 to 15 

0 to 15 

- 15 to 40 


2 

3 

4 

5 

6 
7 
9 


! 


3 

4 

5 

6 

7 

8 

10 


(Degrees fahrenheit to be added to the normal 
temperature differtmee for heat leakage calculations 
to compensate for sun effect—not to 
be used for air conditioning design) 


Type of surface 

East 

wall 

South 

wall 

West 

wall 

Flat 

roof 

Dark colored sur¬ 
faces such as 
Slate roofing 

Tar roofing 

Black paints 

B 

5 

8 

2D 

Medium colored sur¬ 
faces, such as 
Unpainted wood 
Brick 

Red tile 

Dark cement 

Red, gray or green 
paint 

6 

4 

6 

IS 

Light colored sur¬ 
faces, such as 
White stone 

Light colored ce¬ 
ment 

White paint 

i 

4 j 

r “ "" 

2 

4 

9 


TliR outsidn (li;sign tmujM'raturos fur tlip 
niajnr fitios in the; IJnitcil Statos nan be 
found in Outdoor Design Data (Table 5). 

If tin; refrigerator is i;xp()sed to tlie sun, 
ailditinnal heat will be adileil to the heat 
Ifiail. l"or iiractieal purposes the tempera¬ 
ture (lilTerenee ivin be adjustefl to eom- 
peusate for the sun elTeet. The values given 
ill Table 3 are applieable tbi'OiighiMii the 
21 hours ami are adiied to the amliient 
temperature in ealeulating wall beat gain. 

2. Air changes. Daidi time the rloor of a 
storage room is iqiimed some air from the 
oiitsiih; enters the storage room. This w.arm 
outside air must be reilueed to the tem¬ 
perature of the refrigerated spaia; thus 
adding to the refrigeration load. It is difli- 
nilt to fletermine the load with any degree 
of iirrurary. The traflie in a refrigerator 
usually varies with its size or volume 
and the number of door openings is de- 
peiulent upon the voliinie rather than the 
number of doors. The aii eliaiiges listed 
ill Table 4 are based on experienee and 
have jiroven jiraetiivil. 

The beat removetl to leduee one cubic 
foot of air from outside coiulitions to the 


Table 4. Average Air Changes per 24 hr for 
Storage Rooms due to Door Openings 
and Infiltration 


Volume 
cu ft 

Air 

changes 
per 24 
hr 

Volume 
cu ft 

Air 

changes 
per 24 
hr 

20D 

44.0 

6,000 

6.5 

300 

34.5 

8,000 

5.5 

400 

29.5 

I 10,000 

4.9 

500 

26.0 

! 15,000 

3.9 

600 

23.0 

20,000 

3.5 

BOD 

20.0 

1 25,000 

3.0 

1,000 

17.5 

1 30,000 

2.7 

1,500 

14.0 

40,000 

2.3 

2,000 

12.0 

50,000 

2.0 

3, ODD 

' 0-5 ! 

75,000 

1.6 

4,000 

i 8.2 1 

100,000 

1 1.4 

5,000 

1 7.2 




Note; 

Fur lieavy iiHiiai' riiulliply the :LV)iive vuIui'h by 2 
For IciiijE Btoni^L' multiply the jiVieve viiIuch by O.h 


refrigerator temperature is listed in Table 
6. Inlet air temperature listed in Table 0 
refers to the air which enters the refriger¬ 
ator when the doors ojieii. The heat gain, 
due to air changes, can be found from 
Tables 4 and 6. 
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Table 5. Outdoor Design Data 



Dry bulb 

Wet bulb 


Dry bulb 

Wet bulb 

Location 

temp, F 

temp, F 

Location 

temp, F 

temp, F 

Alabama 



Massachusetts 



Birmingham 

95 

78 

Boston 

92 

75 

Mobile 

95 

80 

Michigan 



Arizona 



Detroit 

95 

75 

Phoenii 

105 

76 

Lansing 

95 

75 

Tucson 

105 

72 

Minneapolis 



Arkansas 



Duluth 

93 

73 

Fort Smith 

95 

76 

St. Paul 

95 

75 

Little Rock 

95 

78 

Mississippi 



California 



Vicksburg 

95 

78 

Bakersfield 

105 

70 

Missouri 



Fresno 

105 

70 

Kansas City 

IDO 

78 

Los Angeles 

90 

70 

St. Louis 

95 

78 

Oakland 

85 

65 

Montana 



San Francisco 

85 

65 

Billings 

90 

66 

Colorado 



Helena 

95 

67 

Denver 

95 

64 

Nebraska 



Connecticut 



Lincoln 

95 

78 

Hartford 

93 

75 

Nevada 



New Haven 

95 

75 

Reno 

95 

65 

District of Columbia 



New Hampshire 



Washington 

95 

78 

Concord 

90 

73 

Florida 



New Jersey 



Jacksonville 

95 

78 

N BWark 

95 

75 

Key West 

98 

78 

Trenton 

95 

78 

Miami 

91 

79 

New Mexico 



Tampa 

95 

78 

Albuquerque 

95 

70 

Georgia 



New York 


75 

Atlanta 

95 

76 

Albany 

93 

Savannah 

95 

78 

Buffalo 

93 

73 

Idaho 



New York 

95 

75 

Boise 

95 

65 

North Carolina 



Illinois 



Charlotte 

95 

78 

Chicago 

95 

75 

Wilmington 

95 

73 

Peoria 

96 

76 

North Dakota 



Springfield 

98 

77 

Bismarck 

95 

73 

Indiana 



Ohio 

95 

75 

Evansville 

95 

78 

Cleveland 

Fort Wayne 

95 

75 

Dayton 

95 

78 

Indianapolis 

95 

76 

Oklahoma 


77 

Terre Haute 

95 

78 

Oklahoma City 

101 

Iowa 



Oregon 


68 

75 

Des Moines 

Sioux City 

95 

78 

78 

78 

Portland 

Pennsylvania 

Erie 

90 

93 

Kansas 


78 

75 

Philadelphia 

95 

78 

Dodge City 

Wichita 

100 

100 

Pittsburgh 

Rhode Island 

95 

75 

Kentucky 



Providence 

93 

75 

Louisville 

95 

78 

South Carolina 



Louisiana 



Charleston 

95 

78 

New Orleans 

95 

80 

South Dakota 



Shreveport 

100 

78 

Huron 

95 

75 

Maine. 



Rapid City 

95 

70 

Eastport 

90 

70 

Tennessee 



Portland 

90 

73 

Chattanooga 

95 

76 

Maryland 



Memphis 

95 

78 

Baltimore 

95 

78 

Nashville 

95 

78 
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Table 5. Outdoor Design Data (Concluded) 


Dry bulb Wet bulb 
Location temp, F temp, F 


Texas 


Amanllo 

100 

72 

Corpus Christ! 

102 

95 

Dallas 

IDO 

78 

£1 Paso 

100 

69 

Houston 

95 

78 

Utah 

Salt Lake City 

95 

65 

Vermont 

Burlington 

90 

73 

Virginia 

Norfolk 

95 

78 

Richmond 

95 

78 


Dry bulb Wet bulb 
Location temp, F temp, F 


Washington 


Seattle 

85 

65 

Spokane 

93 

65 

West Virginia 

Parkersbury 

95 

75 

Wisconsin 

Green Bay 

95 

75 

Madison 

95 

75 

Milwaukee 

95 

75 

Wyoming 

Cheyenne 

95 

85 


Table 4 does not apply if additional ven¬ 
tilation is required. When fresh air is pro¬ 
vided, it causes the refrigerated space to 
be under an air pressure slightly above 
atiiiospheiic. Under these conditions, cold 
air will leave the l efrigerated space when¬ 
ever the dof)r is opened, Tlie ventilating 
load under these conditifins will rei)lace the 
door opeidng load, if greater. To calculate 
the load due to ventilation, change the 
ventilating cubic feet per minute to cubic 
feet per 21 houjs (cfinX6()X24) and use 
Table 0 for the heat load per cubic foot of 
air. 

3. Product load. A product placed in a 
refrigerator at a teinj)erature higher than 
the storage temperature will lose heat until 
it reaches the storage tem])erature. The 
quantity of heat to be removed may be cal- 
culateil from a knowledge of the product, 
including its state upon entering the re¬ 
frigerator, its final state, its weight, specif¬ 
ic heat above and below freezing, its freez¬ 
ing temiierature, and latent heat. When a 
definite weight of product is cooled from 
one state and temperature to another state 
anil temperature, some or all of the follow¬ 
ing calculations must be made: 

Heat removal from initial temperature 
to some lower temperature above freez¬ 
ing: 

g = (4) 

Heat removal from initial temperature to 
freezing point of product: 

g = Trxcx(q-^/) (5) 

Heat removal to freeze product: 


Q = WXhif (t)) 

Heat removal from freezing point to final 
temperature below freezing: 

Q^WX('iX{t^-U) (7) 

where 

Q=hnat reinDved, Btu 
W = weight of product, lb 
c=spe.cific heat of fu-oduct aljove freezing, 
Btu/lh 

= initial temperature above freezing, F 
f2=lower temperature above freezing, F 
//=frcczing temperature of product, F 
/ii/=latcnt heat of fusion, Btu/lh 
Ci “Specific heat of product below freezing, 
Btu/lb 

f3=final temperature ))elow freezing, F 

The product load is represented by tlie 
sum of the several loads given above. If it 
is reipiircd to remove the heat from the 
product ill a given number of hours the 
following formula may be used to evaluate 
the equivalent load based on 21 hour cal¬ 
culations: 

Btu Frinluiit liiMilX2 i 

24 lir Mr rcajil fur pruduct load 

Specific heats above and below freezing 
and latent heats of fusion for many jjrod- 
ucts are given in Table 5, Chap. 12. It 
should be noted that the latent heat of fu¬ 
sion has a definite relationship to the water 
content of the product; in the absence of 
data on tlie latent heat of a product and 
with a knowledge of its moisture content, 
the latent heat may be estimated mul¬ 
tiplying the percentage of water expressed 
as a decimal by 144, the latent heat of fu- 
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Table 6. Heat Removed in Cooling Air to Refrigerator Conditions 

(Btu per cu ft) 





Temperature of outside air, 

, F 



Stor- 









BgB 

85 

1 90 

1 

1 100 

room 









temp 




Relative humidity, % 




F 

50 

60 

50 

60 

50 

60 

50 

60 

65 

0.65 

0.85 

0.93 

1.17 

1.24 

I 1.54 

1.58 

1.95 

60 

0.85 

1.03 

1.13 

1.37 1 

1.44 I 

1.74 

1.78 

2.15 

55 

I.IZ 

1.34 

1.41 

1.66 

I 1-72 

2.01 

2.06 

2.44 

5D 

1.32 

1.54 

1.62 

1.87 

1 1.93 1 

2.22 

2.28 

2.65 

45 

1.50 

1.73 

1.80 

2.06 

2.12 

2.42 

2.47 

2.85 

40 

1.69 

1.92 

2.00 

2.26 

2.31 

2.62 

2.67 

3.06 

35 

1.86 

2.09 

2.17 

2.43 

2.49 

2.79 

2.85 

3.24 

30 

2.00 

2.24 

2.26 

2.53 

2.64 

2.94 

2.95 

3.35 


Stor- 



age 

40 

room 



temp 



F 

70 

80 

30 

0.24 

0.29 

25 

0.41 

0.45 

20 

0.56 

0.61 

15 

0.71 I 

0.75 

10 

0.B5 

0.89 

5 

0.98 

1.03 

0 

1.12 

1.17 

- 5 

1.23 

1.28 

- 10 

1.35 

1.41 

- 15 

1.50 

i.53 

-20 

1.63 

1.68 

- 25 

1.77 

1.80 

-30 

1.90 

1.95 


Temperature of outside air, 
50 I ^0 


Relative humidity, % 


70 

80 

50 

0.58 

0.66 

2.26 

0.75 

0.83 

2.44 

0.91 

0.99 

2.62 

1.06 

1.14 

2.80 

1.19 

1.27 

2.93 

1.34 

1.42 

3.12 

1.48 

1.56 

3.28 

1.59 

1.67 

3.41 

1.73 

1.81 

3.56 

1.85 

1.92 

3.67 

2.01 

2.09 

3.88 j 

2.12 

2.21 

4.00 ! 

2.29 

2.38 

4.21 


100 


60 

50 

60 

2.53 

2.95 

3.35 

2.71 

3.14 

3.54 

2.90 

3.33 

3.73 

3.07 

3.51 

3.92 

3.20 

3.e4 

4.04 

3.40 

3.84 

4.27 

3.56 

1 4.01 

4.43 

3.69 

1 4.15 

4.57 

3.85 

4.31 

4.74 

3.96 

! 4.42 

4.86 

4.18 

4.66 

5.10 

4.30 

i 

5.21 

4.51 

1 4.90 

5.44 


si oil ol' wa-Lei'. Must funil produf ts luive a 
I'l eozing tenipnraturo in the of 20 to 

31 F, with nil avei:i;;e freezing teinperatiire 
of about 2iS F. If the exact freezing tcin- 
peratiire is unknown, it may be assumed 
to be 2S r. See Applications Volume, 
ASUE Data Book (Sec. I), for a discii.ssion 
of food freezing. 

To illustrate the foregoing incthcids, as¬ 
sume that 100 lb of lean beef are to be cooled 
from 90 to 40 F, after which it is to he frozen 
and cooled to 0 F. 

From Table o, Chap. 12, the specifie heat 
of lean beef before freezing is 0.77 Btu/lb and 
after freezing is 0.40 Btu/lb. The latent heat 
of fusion is 100 Btu/lb. 

To cool from 90 F to 40 F in chill room; 

100X0.77X(90-40) =3 850 Btu 


To cool from 10 F l.o freezing point in 
freezer: 

100X0.77X (10-2Sj =924 Btu 
freeze; 

100X100 = 10,000 Btu 

To cool from freezing point to storage 
temperature: 

100X0.40X128-0)= 1120 Btu 

Total 15,894 Btu 

Note that in this example tlie latent 
heat of fusion represents approximately 
two-thirds of the total product load. In 
calculations involving freezing of a product 
the latent heat of fusion wdll always be a 
high percentage of the product loati. 
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Table 7. Heat Equivalent of Electric Motors 



Btu/hp hr 



Motor 

Connected 

Motor 

Connei:ted 

losses 

load 

hp 

load in 

outside 

outside 


refr 

refr 

refr 


space' 

space^ 

spaced 

to i 

4,250 

2,545 

1,700 

■i to 3 

3,700 

2,545 

1,150 

3 to 20 

2,050 

2,545 

400 


’ rrjr UB[^ vvhi'ii both iiHnful Dut-piiK and motor loBfleH are 
rlihiHi|)atr!il wiLliin n;fri(i(Mral.tMi Bijaeo; inoturB driving funB 
[iir rnrrinl I'-imilalioii unit rujulorH. 

■For UHi: when motor IneaoH are disHipatoil outaide re- 
frigi^riiLud epuio; mid uaidul work of motor is expoodiol 
wiltiin rofrigi'rated Hpime; pump on a riroulating Lirino or 
f.liillt;d water Hyatom, fan motor outHidi.' refrigiiratod Hpaci; 
driving fan circulating air within ndrigiiratiMl dpar.c. 

■ For uHo when motor heat Iobbob are diHsipated within 
re.frigiTatnd npaiu) and iiMidul work cxpeiidod outside of 
refriKeralod apace; motor in refrigeratud apace ilriving 
pump or fan located uuLaide of npace. 

Fibsli I'l’uii.s null a;ive up linat 

iluriuK It luust bo rcinciuboreil 

tliMt tluiy nil; nlivo jtiid i:outiiuifi tu uuilei- 
fTi) i:luiiij;e,s (luring stiiriii^n. Tlu; most im- 
poriiint of tlinwo c.luinpios is |)roiliir.iMl liy 
jcsiniiitioii, ,'i pi-oi!(\ss in Avliioli tlio uxy^rui 
of tim air is ^■om[)in(Ml with tin; c.arlton of 
tiio pijint tissuo. DiiriiiK this pioiajss, 
lUKii^y is roleaseil in tho form of lu*at. The 
amount of linat libnratiMl varies with tho 
typo anil tomiioratuto of tho proiluot. Tho 
oohlor tlio ju'oiluot, tlio loss tho hoat of 
rospiiiition. Tlio into of ovolution of hoat 
of various proiluots is listoil in Table 9. 

4. Miscellaneous. All olootiiral onoiny 
(lissipatoil in tho l ofrigorateil spai'o (liii;hts, 
motors, hoatiMS, otr.) must ho iiioluihMl in 
tlio hoat loarl. I']ai*h watt is oipial to ,'1.42 
lltu jior hr. Hoat oiprn'iilonts of oloctrii* 
motors aro sliown in Table 7. J’oojilo ^ivo 
up hoat at varying;; ratos ilopomliiii!; uimn tho 
temporaturo, typo of work, rlothin^,sizo,otr. 
Tho avor:ij!;o hourly loail iluo to ornipaiiry 
is slmwu in Table 8. ^^'hon i)oo])lo jj;o into 
tho I'ofii^oratod sjiaro for short durations, 
thoy will oarry with thorn a l■onsidor:^.hlo 
amount of hoat o\ or and ahovo tliat listoil 
in Table S. Thoroforo, some allowanoo 
must bo mailo if tho tr:ifho load of this typo 
ia heavy. 

Short method. Thoro aro many short or 
rule-of-thumb mothoils of oatiiuating loarl. 
kSomo arc based on oxt.ornal surface only. 
This is basically incorroct since the usage 


load will dopoiid upon tlie volume and the 
volume of a refrigerator is not proportional 
to the external surface. To illustrate, as¬ 
sume two refrigerators with both external 
areas o(4iial to 1000 sq ft. If they are both 
10 ft high, one may have floor dimensions 
of 35X10 ft, another 20X20 ft. Calcula¬ 
tion will show a 12.5% variation in vol¬ 
ume. 

A short method based on voluiiu^ as well 
as surface will give more dejtenilable le- 
siilts than a method biised on surface only. 
Of tlio four general sourct's of hoat in tlio 
refrigerator: wall losses, air ohango, prod¬ 
uct, and miscollanoous, the external sur¬ 
face will always be iiroportioiiMl to the wall 
losses. The jirohlem of sini])lification is 
with tho remaining thioo sources in terms 
of volunio. Table 10 gives the probable 
values for tlii^ gains iluo to air changes, 
jiroiluct, and miscelhineims. The values are 
based on experience and judgment must 
bo used in its application. 

Tn find tho hourly load, the total 24 
hour load is rlivideil by tho do.siroil com- 
[irossor opiuatbig tim(‘. Wlien a natural 
defrost cycle by moans of lioat fruiii tliii 
rofrigoiator air is ilosirod (35 T and above), 
it lias boon gonoial iiractico to calculate tlie 
loMil based on 10 lioiii' operjition. \^’hen the 
rofrigorant toinpiuatuni is 30 F oi‘ higher, 
a ih.d’rost lycle is not lequired, jiiid general 
practice has boon to select equipment 
liasod on 18 oi‘ 20 liour o[)eration. For re¬ 
frigerator temiioreturos bolow 3-1 F some 
other method of defrosting must be jiro- 
viileil. All of these methods add somii hoat 
to tho lofiigoiator. Tho amouiiLs of heat 
vary considerably with ilifTerent methods. 
It is suggested tliat tho rt'Ciiininondations 
of tho inanufac,tiller ho- followed on tho 
hoat added due to defrosting and the sug- 


Table 8. Heat Equivalent of Occupancy 


Cooler 

temperature 

F 

Heat equivalent/person 
Btu/hr 

50 

720 

40 

B40 

30 

950 

20 

1,050 

10 

1,200 

0 

1,300 

-10 

1,400 




ly. L,yJKU Ivj 




Table 9. Approximate Rate of Evolution of Heat by Certain Fresh Fruits and Vegetables 
when Stored at the Temperatures Indicated”* 


Commodity 

Temper¬ 

ature 

Heat evolved 
per ton of fruits 
or vegetables 
per 24 hours* 

Commodity 

Temper¬ 

ature 

Heat evolved 
per ton of fruits 
or vegetables 
per 24 hours* 



British thermal 



British thermal 


F 

units 


F 

units 


32 

660 to 1,000 


32 

6.160 

Apples. 

40 

1,110 to 1,760 

Mushrooms (culti- 

50 

22,000 


60 

4,400 to 6,600 

vated). 

70 

58,000 


B5 

6,600 to 15,400 








32 

660 to 1,100 

Bananas: 

54 

3,300 

Onions (Yellow Globe) 

50 

1,760 to 1,980 

Green. 

6B 

B.360 


70 

3,080 to 4,180 

Turning. 

6B 

9,240 


32 

690 to POO 




Oranges. 

40 

1,400 

Ripe. 

67 

B,360 


60 

5,000 





80 

8,000 


32 

2,650 




Beets. 

40 

4.060 


32 

850 to 1,370 


60 

7.240 

Peaches. 

4D 

1,440 to 2,030 





60 

7,260 to 9,310 


32 

1.320 


80 

17,930 to 22,460 

Cantaloupes. 

40 

1.960 





60 

8,500 

Pears (Bartlett) . . . . 

32 

660 to BBD 





60 

8,800 to 13,200 


32 

2,130 




Carrots.... 

40 

3,470 


32 

2,720 


60 

8.080 

Peppers. 

40 

4,700 





DO 

8,470 


32 

2,820 




Celery. 

40 

4,540 

Potatoes (Irish Cob- 

32 

440 to 880 


60 

13,520 

bier) . 

40 

1,100 to 1,760 



i 


70 

2,200 to 3,520 

Cherries (sour). 

32 

1,320 to 1,760 





60 

11,000 to 13,200 

Raspberries. 

36 

4,400 to 6,600 





60 

15,400 to 17,600 


32 

460 




Grapefruit. 

40 

1 ,070 


32 

2,730 to 3,800 


60 

2,770 

Strawberries. 

40 

5,130 to 6,600 


BO 

4,180 


60 

15,640 to 19,140 





80 

37,220 to 46,440 

Grapes: 

36 

660 to 1,100 




Cornichon and 

60 

2,200 to 2,640 


32 

4,740 

Flame Tokay. 

BO 

5,500 to 6,600 

String beans. 

40 

6,740 




60 

22,630 


32 

430 




Sultanina. 

43 

1,050 


32 

5,890 


53 

1,690 

Sweet corn. 

40 

8,190 





60 

17,130 


32 

350 




Emperor. 

43 

850 

Sweet potatoes 

32 

2,440 


53 

1,810 

Not cured. 

40 

3,350 





60 

6,300 


32 

300 




Ohanez. 

43 

740 


32 

1,190 


53 

1,570 

Cured. 

40 

1,710 





60 

4,280 


32 

580 




Lemons. 

40 

BIO 

Tomatoes (mature 

32 

580 


60 

2,970 

green). 

40 

1,070 


BO 

6,200 


60 

6,230 


32 

11.320 


32 

1 ,020 

Lettuce. 

40 

15,990 

Tomatoes (ripe). 

40 

1 ,260 


60 

45,980 


60 

5,640 


* The n^uree in this table aupereede tliciae in Table 1, Circ. 279, U. S. DepurtniBiit (if A|g;ririiliurR, edilioii of N[>- 
vciiiber, 1941. 



































344 


PART III. COMPONENTS 


Table 10. Usage Heat Gain, Btu per 24 hr for One cu ft Interior Capacity 


Volume 
cu ft 

Service* 


Temperature difference (ambient temp minus refrigerator temp) 

. degF 


1 

40 

50 

55 

60 

65 

70 

75 

BO 

90 

100 

20 

AveragB 

4.6B 

187 

234 

258 

281 

305 

328 

351 

374 

421 

468 


Heavy 

5.51 

220 

276 

303 

331 

358 

386 

413 

441 

496 

551 

30 

Average 

2.Ba 

115 

144 

159 

J73 

188 

202 

216 

230 

259 

288 


Heavy 

4.56 

182 

228 

251 

274 

297 

319 

342 

365 

410 

456 

SO 

Average 

2.2B 

91.2 

114 

126 

137 

148 

160 

171 

182 

205 

228 


Heavy 

3.55 

142 

177 

196 

213 

231 

249 

267 

284 

320 

355 

75 

Av erage 

1 .85 

74.0 

92.5 

102 

111 

120 

130 

139 

148 

167 

185 


Heavy 

2.BB 

115 

144 

158 

173 

IBB 

202 

216 

230 

259 

288 

IDO 

Average 

1.61 

64.3 

80.5 

88.5 

96.6 

105 

I 13 

121 

129 

145 

161 


Heavy 

2.52 

101 

126 

139 

151 

164 

176 

189 

202 

227 

252 

200 

Average 

1.3B 

55.2 

69.0 

75.9 

82.8 

89.7 

96.6 

103 

110 

124 

138 


Heavy 

2.22 

88.8 

111 

122 

133 

144 

155 

166 

178 

200 

222 

300 

Average 

1 .30 

52.0 

65.0 

71 .5 

78.0 

84.5 

91.0 

97.5 

104 

117 

130 


Heavy 

2. OB 

83.2 

104 

114 

125 

135 

146 

156 

166 

187 

208 

400 

Average 

1 .24 

49.6 

62.0 

68.2 

74.4 

80.6 

86.8 

93.0 

99.2 

112 

124 


Heavy 

1.96 

78.4 

98.0 

108 

118 

128 

137 

147 

157 

176 

196 

500 

Average 

1 .21 

48.4 

60.5 

66.6 

72.6 

78.7 

84.7 

90.7 

96.8 

109 

121 


Heavy 

1 .B7 

74.8 

93.5 

103 

1 12 

122 

131 

140 

ISO 

168 

187 

600 

Average 

1.17 

46.8 

58.5 

64.4 

70.2 

76.0 

81 .9 

87.7 

93.6 

IDS 

117 


Heavy 

1 .85 

74.0 

92.5 

102 

111 

120 

130 

139 

148 

167 

185 

BOO 

Average 

1 .11 

44.4 

55.5 

61.1 

66.6 

72.2 

77.7 

83.3 

88.8 

100 

111 


Heavy 

1 .76 

70.4 

88.0 

96.8 

106 

115 

123 

132 

141 

158 

176 

IDOO 

Average 

1.10 

44.0 

55.0 

60.5 

66.0 

71 .5 

77.0 

82.5 

88.D 

99. D 

110 


Heavy 

1.67 

66.8 

83.5 

91 .9 

100 

108 

117 

125 

134 

150 

167 

1200 

Average 

.995 

39.8 

49.8 

54.7 

59.7 

64.7 

69.7 

74.7 

79.6 

89.6 

99.5 


Heavy 

1.58 

63.2 

79.0 

86.9 

94.8 

103 

1 11 

119 

126 

142 

158 

1500 

Average 

.920 

36.8 

46.0 

50.6 

55.2 

59.8 

64.4 

69.0 

73.6 

82.8 

92.0 


Heavy 

1 .50 

60.0 

75.0 

82.5 

90.0 

97.5 

105 

113 

120 

135 

15D 

2000 

Average 

.H35 

33.4 

41.8 

45.9 

50.1 

54.3 

58.5 

62.7 

66.8 

75.2 

83.5 


Long storage 

.775 

31 .0 

38.8 

42.6 

46.5 

50.4 

54.3 

58.1 

62.0 

69.8 

77.5 

3000 

Average 

.750 

30.0 

37.5 

41.3 

45.0 

48. B 

52.5 

56.2 

60.0 

67.5 

75.0 


Long storage 

.576 

23.0 

28.8 

31 .7 

34.6 

37.3 

40.3 

43.2 

46.1 

51.8 

57.6 

5000 

Long storage 

.403 

16.1 

20.2 

22.2 

24.2 

26.2 

28.2 

30.2 

32.2 

36.3 

40.3 

7500 

Long storage 

.305 

12.2 

15.3 

16.8 

18.3 

19.8 

21.4 

22.9 

24.4 

27.5 

3D.5 

10,000 

Long storage 

.240 

9.60 

12.0 

13.2 

14.4 

15.6 

16.8 

IB.O 

19.2 

21 .6 

24.0 

20,000 

Long storage 

.187 

7.48 

9.35 

10.3 

11 .2 

12.2 

13.1 

14.0 

15,0 

16.8 

18.7 

50,000 

Long storage 

.178 

7.12 

8.90 

9.79 

10.7 

11.6 

12.5 

13.4 

14.2 

16.0 

17.B 

75,000 

Long storage 

.176 

7.04 

8.80 

9.68 

10.6 

11.5 

12.3 

13.2 

14. 1 

15.B 

17.6 

100,000 

Long storage 

. 173 

6.92 

8.65 

9.52 

10.4 

11.2 

12.1 

13.0 

13.B 

15.6 

17.3 


• Fnr iiviTiiu;i' lii'.'ivy Hcrviri', prmlur.l. Iiuiil in Ii.’ihimI iiti prndui'l rntiTiuK at. ID rlcK ahovn itt c ri'friKiTal (ir I riii|)i>r:i- 
ilirc; fur IrtiiK HtiiraKi.' tlii' I'litt-riiiK l.ciripcraturi' in appruxiniiit.cly eiiu:i.l to tin; rnfriKi'ralor l.i!iiipL*raluri!. 

WliiTi: llii! priuiui'l, loiiil ip uiiu.'iiial clu uni use tliis table, sfM* pap.es iWS-.342. 


I^ostnil npiM'jitin^ tiiiin. It htis Itonii mnnenil 
priir.tifo ti) (‘..‘ilculiito tlio loud lor jefrifjjtM- 
iitor tnmjieratutT Im'Ioav ,'M Y baseti on 18 
hour operation. 

Tho cjilrulatod hourly loarl is useil as a 
Kuido ill solentin^ ctpiipmont. Siiir.e the 
eoniprcssor size.s are limited to eonipara- 
tively large inereiuents, the rompressor 
selection must be guideil by tlie calcuhiteil 
load, anti the actual selection of compres¬ 
sor may eliangn the calcailated time up or 
tlown. The Heleetion of the evaporator 
should be made in balance with the .selected 
compressor capacity, and not with the 
original calculated load. 

Yiamplv 1. (bvcii: 11 efrigeiiilDr 20X10 
XIO ft, \ ill. cork iicsukition. 

!)0 F umbiiMit. tpinpfruture 
00% rclalive huiuidily 
30 F refrigerator lempeniture 
2,000 lb of beef at -10 F to he cooled to 
30 F in 24 hr 
200 watts electrical load 


Solution: 

1000 sii ft oulside Hurface 

!)0—30 = 00 F temjieratiire reduction 

(1) Wall gai,n 

1000X108 (Table 1)= 108,000 TUii 
per 21 hr 

(2) Air rdiangc load 
10X0X0=1540 cu ft 

10.3 air changes per 24 hr (Table 4) 
2.53 Btu per cu ft to cool air from 00 F, 
00% relative humidity to 30 1' (Ta¬ 
ble 6) 

1540X10.3X2.70=44,200 Btu per 24 
hr 

(3) Product load 

Specific heat = .77 (Table 5, Chap. 12) 
2000X.77X(40-30) =15,400 Btu per 
24 hr 

(4) Miscellaiieou.s (electrical load) 

1 watt = 82 Btu per 24 hr 
200X82 = 10,400 Btu per 24 hr 

(5) Total load 

Wall gain 108,000 

Air change 44,200 
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Product J.‘i,400 

Electrical 15,400 


184,000 

Add 10% 

safety factor 18,400 


202,400 Btu per 24 hr 

202,400-^16 = 12,560 
Btu per hr for 16 hr 
compressor operation 
Using Short Method (Table 10) 

(!) Wall gain same as above 108,000 Btu 
j)er 24 hours 

(2) Usage—average 60 E temperature dif¬ 
ference 55.2 Btu per cii ft per 24 hr 
1,540X55.2 = R5,200 Btu per 24 hr 
108,000-1-85,200 = 103,200 Btu per 
24 hr 

103,200 -^16 = 12,080 Btu per hr for 
16 hr compressor operation. 

Exam'i)h2. Given: Befrigerator, 15X11X0 
ft, 4 in. cork insulation, two triple glass win¬ 
dows each 6X5 ft 

00 F ambient temperature 
40 F refrigerator temperature 
800 watt lights and motors from 8 a.in. to 
4 p.m. 

Twj) men working from 8 a.in. to 4 p.m. 
2000 lb beef to be cooleil from 60 F to 40 F 
from 6 p.m. to 6 a.in. 


Solution: 


60 Hii ft glass surface 

738 H(i ft net insulated surface 

00—40=50 F terniieraturc reduction 

(1) Wall gain 

738X00 (Table 1) =66,400 Btu per 24 
hr 

60X350 (Table 1) = 21,000 Btu per 24 
hr 

66,400-1-21,000 = 87,400 Btu per 24 hr 

(2) Air change load 

14X10X8 = 1120 cu ft 

16.6 air changes per 24 hr (Table 4) 

2.26 Btu per cu ft to cool air from 00 F 
to 40 F (Talde 6) 

1,120X16.6X2.26 = 42,000 Btu per 24 
hr 

(3) Product load 

Specihe heat of beef is .77 (Table 5, 
Chap. 12) 


2000 X.77X20X24 
12 


= 61,600 Btu per hr 


(4) Miscellaneous 
Men working 

2X750 = 1500 Btu per hr 
Electrical 

800X3.42=2736 Btu per hr 


Comparison Day and Night Loads 


Btu per 24 i 

hr 

Btu 

[ per 24 hr 

(A) Kight Load 

(B) 

Day Load 

87,400 

Wall gain 


87,400 

42,000 

Air change 


42,000 

61,600 

Product 




M en 


36,000 


Electrical 


65,600 

101,000 



231,000 

19,100 

10 % Safety fa 

ctnr 

23,100 

210,100 

Btu i)er 24 lir 


254,100 

Total B is 

larger than To 

tal A 

and should 

be used as th 

c loarl. 




251,10016 = 15,000 IMu [ler hr for 16 hr 
coinprcsaur operation. 

Ejam/df? S. Given: Banana storage room 
15X10X8 it fniisiile, 3 in. cork insulation 
05 F ambient tenipeiaLurc 
65 F storage room tcmiieratui c 
Storage 8000 lb rijie bananas coming in at 
65 F 

300 watts eieetrical load 
Solution: 

700 Kij ft outside surface 

05—()5=30 F temperature reduction 

(1) Wall gain 

700X30X2.1 (Table 1) =50,100 Btu 
j)Dr 24 hr 

(2) Air change loarl 

14X0X7 = 882 cu ft 

18.8 air changes per 24 hr (Table 4) 
1.54 Btu to cool 1 cu ft from 05 F to 
65 I’ (Table 6) 

882 X 18.8 X1.51 = 25,500 Btu per 24 hr 

(3) Product load 

8360 Btu per 21 hr iier ton, heat of 
respiration ('I'nldc 0) 

X8300 = 33,100 IHu per 21 hr 

2000 

(4) Electrical load 

300X3.42X24=24,600 Btu per 24 hr 
f5) Total load 

Wall gain 50,400 

Air change 25,500 

Product 33,400 

Electrical 24,600 

134,000 

Add 10% 

safety factor 13,400 

147,400 Btu per 24 hr 

147,400-18 = 8200 Btu per hr for 18 
hr compressor operatiun 
Wh en the refrigerant temperature is above 
30 E ice will not form on the coil, therefore a 
defrost cycle is not necessary. 




20, MOTORS AND ELECTRICAL CONTROLS 


^HE principal applications in the re- 
^ frigerating industry requiring electric 
motors are reciprocating compressors, fans 
and centrifugal compressors. The types of 
motors required for these applications de¬ 
pend on a number of factors such as the 
torque requirements of the driven device, 
the degree of unloading during the starting 
operation, and the electrical power supply 
available. Consideration of the proper 
motor to do the job also determines the 
type of enclosure required for the motor to 
protect it against severe atmospheric con¬ 
ditions. 

Fractional hp motors. There are two gen- 
eriil classifications of motors in the indus¬ 
try—the fractional hp motors, and the in¬ 
tegral hp motors. Fractional hp motors 
comprise ratings smaller than 1 hp at 1,800 
rpm, and are of a wide variety of types and 
sizes depending on the application. Most 
motors in this classification are single¬ 
phase, although occasionally polyphase and 
dc motors are employed. 

The various types of motors and their 
usual apjjlication are as follows: 


AIa,xi- 

2'ype mum Applications 

hp 


Split-phase | 

Capacitor start-in¬ 
duction run i 

Repulsion iiirluctiim ^ 

Capacitor start & ^ 

run 


Shaded pole 


Direct current \ 


Small comprcBsors & 
fans 

Compressors & fans 
Compressors & fans 
OvorhuiiK fans—unit 
heaters & coolers (not 
suitable for belted ap¬ 
plication) 

Overhung fans—unit 
heaters & coolers (not 
suited for belted 
loads) 

Compressors k fans 


Integral hp motors. In the integral 
horsepower classification, single-phase mo¬ 
tors are employed on many applications, 
usually up to a maximum of 5 hp, but oc¬ 
casionally up to 10 hp in those cases where 
polyphase power is not available. The vari¬ 


ous tj'^pes of motors and their applications 
in the refrigerating industry arc as follows: 


Type 

hp 

Applications 

Singl[>-phaBD— 
capacitor start- 

induction run 

1 to 5 

Compressors k fans 

Single-phase—re- 

pulsiun induction 

1 to 5 

Compressors (Sc funs 

SquiiTDl-cage—nor¬ 

1 k up 

C ojr.’ prcBBors s tai ted 

mal torque 2 or 3- 


unloaded and faius 

phase 

Squirrel-cage—high 

1 (Sc up 

Compressors started 

torque 2 or 3- 


loaded 

phase 

Slip ring—2 or 3- 

1 k up 

Fans, cDiilrifugal 

phase 


eonipressnrs ami re¬ 
ciprocating coiiipres- 
Bors 

Synchronous—2 or 

50 k up 

Centrifugal compres¬ 

3-phaBe 


sors and reciprocat¬ 
ing compressors un¬ 
loaded 


Single-Phase Motors 

Split-phase motors- The split-phase 
motor depends upon the principle of a 
stator having two windings, one displaced 
with respect to the other, causing a mag¬ 
netic drag on the conductors of a squirrel- 
cage motor, in order to produce the start¬ 
ing operation. One of the windings in the 
stator, called the running winding, is made 
of relatively coarse wire, and the other 
winding, or starting winding, is made of 
very fine wire. These two windings are 
connected in parallel across the single- 
phase line when starting. The starting 
winding by reason of its fine wire has high 
resistance, and, therefore, higher power 
factor than the main winding, which causes 
the phase displacement between the two 
windings necessary to produce a rotating 
magnetic>4ield. When a predetermined 
speed is reached, approximately 70% of 
EjmehroEOus speed, a centrifugal device on 
the squirrel-cage rotor opens a switch in 
scries with the starting winding,/and there¬ 
after the motor operates as a sitigle-phase, 
squirrel-cage induction motor, drawing 
current only through the running winding. 


[3471 
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These motors are available in various 
ratings from f hp up to and including \ hp, 
and with either rigid or resilient mounting, 
depending upon the requirements of the 
application. They are suitable for applica¬ 
tion either direct^connected or with belt 
drives to small fans and blowers. 

These motors are provided either with 
four leads, or with a terminal block, in or¬ 
der to permit reversing the direction/of ro¬ 
tation. To reverse the direction of rotation, 
it is merely necessary to reverse the two 
leads to the starting winding./A typical 
speed torque curve of this type hi motor is 
shown in Fig. 1.3 

Another type of split-pliase motor, 
culled the higlVtorque, split-phase motor, 
is sometimes used in refrigerating and 
air conditioning work, although it is not 
recommended for such applications on ac¬ 
count of the fact that the starting currents/ 
for this type of motor are high enough to 
permit possibility of lamp flicker. For this 
reason tliis high-torque motor normally 
used on washing machines, iroiiers, and 
home work-shop machines, is not used in 
refrigeration work requiring fairly frequent 
starting. 

The general-puri)()se split-phase motor, 
and all other tyj)es of fractional hp motors 
described in the following paragraphs, have 
locked rotor currents within the following 
NEMA Standards for 115-volt motors, 
whieli standards are approved by prac¬ 
tically all power companies. 

1 hp and liolow - 20 iimpcrea 
I hp —23 uniperee 


ilOO 


o 

2 

O 


I I I I I I I IT 

s' IJJ. I I I I 




DpiraMnp' 


1 I - ■ yppr 


Running, 

winding 

only 


Cumbinid 

1,1 , . winding for 

■eUL 


lOO ZOV 300 
S PERCENT FULL LOAD TORQUE 

Fig. 1. Speed Torque Curves of General-Purpose 
Split-Phase Motors 


i hp 

—31 ampere.s 

i hp 

—45 ainperos 

! hp 

—01 ainpeiL*8 


The minimum efficiencies, power factors 
and aipparent efficiencies of GO-cycle, gen¬ 
eral-purpose motors of fractional hp rat¬ 
ings, are shown in Table 1. These figures 
arc, in most cases, con.servative compared 
with the performance of motors which may 
be obtained on the market. The starting 
currents for motors on 230-volt lines are 
half tlio above figures. 

Capacitor start-induction run motors. 
This type of motor is available not only in 
fractional hp ratings, but also in integral 
horseiiower ratings up to a maximuin of 5 
hp. In principle they are fundamentally 
the same as the split-phase type of motor, 
except that the starting winding is pro¬ 
vided with a capacitor in series with it, and 
in this manner it is possible to obtain high 
starting torques without exceeding the 


Table 1. Minimum Efficiencies, Power Factor, and Apparent Efficiencies of 
60-Cycle General-Purpose Motors, Percentage 


(NEMA Standards, MG-18-101, July, 11141) 


Horse¬ 

power 

Efficiency 


Power factor 

.. '”1 

^ Apparent efficiency 

rpm 

3,600 

1,000 

1,200 

900 

3,600 

1,B00 

1,200 

900 

3,600 

l.BOO 

1,200 

900 

poles 

2 

4 

6 

a 

2 

4 

6 

8 

2 

4 

6 

B 


4S 

S3 

45 

38 

57 

52 

43 

36 

2B 

30 

21 

15 

1 

49 

5B 

49 

42 

62 

56 

46 

3B 

34 

36 

Z5 

IB 

i 

53 

62 

53 

45 

66 

60 

49 

40 

39 

42 

29 

20 

A 

54 

63 

54 

46 

67 

61 

50 

41 

41 

44 

31 

22 

i 

55 

65 

55 

47 

69 

63 

52 

43 

44 

47 

33 

23 

1 

57 

67 

57 

49 

72 

65 

53 

44 

46 

49 

34 

24 


Nots: Apparent sfiicienBy — (Efficiency Xpower faotorl/lOO. 





20. MOTORS AND ELECTRICAL CONTROLS 


349 


u 
Si I 

(/) 

3 

O 

Z 

O 

1C 

X 


50 


rr 

X 









" 













I 




1 

% 



Cm. 

iiii 

K 








u 

F 

operalina 1 




A 



■ I 

a 





i 

^Run 

nina. 








t 

windina 

: 







■# 


0 

nil 









t 






Co 

mt 

lin 

■ d 


2 







winding fori 
~ilarlinp n 

r 








100 zoo 300 400 
PERCENT FULL LOAO TORQUE 


Fig. 2. Speed Torque Curves of Capacitor Start- 
Induction Run Motors 


starting liurrnnt limitations mentioiiprl in 
th« above tabulation. A typical speed 
torque curvt3 for this type of motor is 
sliOAvn in Fig. 2. 

The capacitor start-induction run 
motors, because of tlieir high starting 
torque and low starting current, are ideal 
for compressors, refrigeration and air con¬ 
ditioning equipment. Typical performance 
specifications for tliis type of motor are 
shown in Table 2 

The integral hp motors of tlie same type 
have speed torque curves fundamentally 
the same as for the fractional hp rating, ex¬ 
cept that the various torque values are 
slightly lower, in order to hold the starting 
current to a Jiiinimurn. They will have a 
starting torque of 300 to 325%, a torque 
at transfer of 225 to 250%, and a i)Lill-out 
torque of at least 200%. 

There is such a wide variety of possible 
connections for capacitor type motors that 
these connections will not be covered. The 
nameplate on the motor usuall.y gives suf¬ 


ficient information for making the proper 
connections. 

Capacitor start and run motors. In this 
type of motor there are two windings in the 
stator, the same as in the capacitor start- 
induction run motor, except that both 
windings are left in the circuit at all 
times. A capacitor is provided in series 
with the .second winding, and tlie value of 
the capacitor is selected to give the best op¬ 
erating eondition with the motor at full 
speed. For this reason, this type of motor 
has an exceptionally low starting tonpie 
and therefore isnotrecoinniended for belted 
applications. Its principal field of applica¬ 
tion is that of unit heaters and unit coolers 
where the fan i.s niounted directly on the 
motor shaft. In tliese cases the motor is 
usually totiilly enclosed, depending for its 
cooling on the air being drawn over the 
motor h,y the f ni. Its luincijial advantage 
over other types of mnturs is that it does 
not re(|uire the use of any centrifugal de¬ 
vice for cutting out a starting wdnding. 
This t,ype of motor lends itself reatlily to 
speed control down to 50% of full-load 
speed. 

Shaded pole motors. Very small fans 
are often drivim by small sh.aded pole 
motors. These motors, also single-phase, 
are available in si/(^s u]) to about hp. 
In this type of motr)r, the stator is provided 
wdth a single winding c()iisi.sting of one coil 
around cacli salient i)t)le, and the coils con- 
necte.d in series mctoss the line. In order to 
jjroduee the rotating magnetic field neces¬ 
sary to produce starting torque, each ])ole 
piece is ])rovided with a shading coil wdiich 
is a single turn of coi)per surrounding only 
half of the pole iron. In 0 ])eration, the al- 


Table 2. Typical Specifications for Fractional hp Capacitor Type 
Refrigeration Compressor Motors 

(Values shown are representative fur llS-volt, 60-cycle, 4-polB, single-phase inutois) 




Horsepower rating 


i 

1 

A 

\ 


.1 

A 

Full load current amperes 

3.0 

3.7 

4.6 

7.0 

10.0 

Locked-rotor (starting) current, amperes 

16.2 

22.0 

25.0 

40.0 

5B.0 

Full load efficiency, percentage 

63.0 

6B.0 

70.0 

72.0 

73.0 

Full load power factor, percentage 

57.0 

62.0 

66.0 

64.0 

65.0 

Full load torque, oz ft 

B.l 

12.2 

16.2 

24.4 

36.5 

Break-down (maximum) torque, oz ft 

25.0 

34.0 

45.0 

71.0 

106.0 

Locked-rotor (starting) torque, oz ft 

40.0 

57.0 

69.0 

109.0 

155.0 
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teruating current in the main winding sets 
up flux in the field core 90 electrical de¬ 
grees out of phase with the current. This 
flux by transformer action induces current 
in the shading coil, and the current in the 
shading coil sets up flux in the half of the 
iron which it surrounds. This type of 
motor has relatively high slip. Tlie rotor is 
a simple squirrel-cage type and no centrif¬ 
ugal switch mechanism is employed. 

Very low starting torques are developed 
with this type of construction, being of the 
order of 40 to 50% of full load torque so 
that the application of the motor is limited 
to direct-connectcrl fans only, and should 
never be belted. Its efficiency and powmr 
factor are exceptionally low, but these fac¬ 
tors are not of much importance in motors 
of such small sIac. The physical location of 
the shading pole determines the direction 
of rotation, and the rotation of tlie motor 
cannot be changed in the field except by 
dismantling the motor and bringing the 
shaft out the opposite end of the motor, 
providing, of course, the construction per¬ 
mits. 

Repulsion start-induction run motors. 

This type of single-phase motor also finds 
a very wide field of application in the re¬ 
frigeration and air conditioning industry, 
jjarticularly for belt drive to small .size 
cf)nipressors not only in the fractional 
horsepower .sizes, but also for integral horse 
power ratings up to 5 hp. Occasionally they 
will bo used up to 10 hp. 

A straight single-phase repulsion motor 
has a distributed winding in the stator, 
while the rotor is similar to a direct-current 
armature with windings connected to a 
coininutator. When the brushes are all 
short-circuited by connecting them to¬ 
gether, and are set in the correct position, 
this motor is capable of developing a very 
high starting torque. However, instead of 
having a constant speed characteristic so 
essential to compressor drive, it has a 
drooping speed torque curve. To take care 
of this condition, the repulsion start-in¬ 
duction run motor is provided with a cen¬ 
trifugal device that connects ell the com¬ 
mutator bars together at a predetermined 
speed, thereby converting the armature to 
a squirrel-cage rotor. 

Thus this motor combines the high start¬ 
ing torque of the repulsion motor with the 


constant speed characteristic of the squir¬ 
rel-cage motor while running. Some motors 
of this type are so designed that the 
brushes are automatically lifted from the 
commutator immediately after the bars 
have been connected. This feature elimi¬ 
nates brush noise and wear while running. 



Fig. 3. Speed Torque and Current Torque 
Curves of Typical Repulsion Start-Induction Run 
Single-Phase Motor 


Fig. 3 shows the typical performance of 
the repulsion stiirt-induction run motor. 
The motor torque follows the repulsion 
torque curve up to the point where the 
centrifugal device short circuits the com¬ 
mutator. Thereafter it follows the induc¬ 
tion curve. The optimum speed for short- 
circuiting the bars occurs when the repul¬ 
sion and induction curves cross. 

Table 3 shows minimum torque values 
for fractional hp repulsion start-induction 
run motors as established by NEMA. 

The repulsion-induction motor is similar 
in construction, but without an}^ device 
for short-circuiting the commutator or lift¬ 
ing the brushes. Instead, it has a squirrel- 
cage winding deeply embedded in the rotor 
underneath the repulsion winding. As a re¬ 
sult, the speed torque curve is a modifica¬ 
tion of the combined torque curves of both 
windings over the entire speed range. 

These two types of motors have the ad¬ 
vantage that they develop more starting 
torque per ampere than any other type of 
single-phase motor. However, because of 
commutator and brush maintenance, high 
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Table 3. Minimum Torque Values of Repulsion Start-Induction Motors, 
in Percentage of Full Load Running Torque 


CNEMA Stanriaril&i MG8-104, July, 1941) 


hp 

Rating 60 cycles, 

1,725 rpm 

Rsting 60 cycles, 1,140 rpm 

Locked rotor 

Pull-up 

Breakdown 

Locked rotor 

Pull-up 

Breakdown 

i 

350 

200 

200 

300 

150 

IBS 

G 

3 

■i 

350 

350 

200 

200 

200 

200 

300 

300 

150 

ISO 

IBS 

1b5 

3 

350 

200 

200 

300 

ISO 

IBS 

3 

350 

200 

200 

300 

150 

IBS 

i 

350 

200 

200 

— 

-- 


manufacturing costs and radio interference 
during starting, they are gradually being 
replaced by the capacitor start-induction 
run type motor. 

Polyphase Induction Motors 

Pol.yphase induction motors are the sim¬ 
plest and most rugged, and because of 
these features are more universally used 
in industry than any other type. They have 
a Avide variety of characteristics, depend¬ 
ing on the application, and are available 
OATr the complete range of horsepowers 
from the smallest fractional ln)rscpoAver up 
to the largest integral ratings. They can be 
obtained for either two or tliree-pliase sys¬ 
tems for operation on 110, 208, 220, 440, or 
550-volt lines, and in tlie larger sizes for 
ojjeration on 2,300 volts or even higher. 
Most systems in the United States are 60- 
c.ycle, but motors can also be obtained for 
25, 40 or 50 cycles where the power S 3 ^s- 
tems are of these frequencies. 

For the purpose of describing the prin¬ 
ciple of operation the two-phase is prob¬ 
ably the more simple. It has two sets of 
stator windings located in the motor 90 
electrical degrees apart, and respectively 
connected across the two phases of the line. 
The phase displacement between the cur¬ 
rents in the two windings produces a rotat¬ 


ing magnetic field, causing a drag on the 
conductors of the rotor, tiius enabling it to 
start and come up to full speed. Tlie rotor 
is usually made up of landnations with a 
simple unin.siilated bar type wimling in it. 
This type is called the squirrel-cage motor. 
By varying the shape, size and resistance 
of these bars, the tm-que eharacteristics 
can be A'-aried to meet the particular appli¬ 
cation for which the jnotf)r is intended. 
The rotors c/in also be of the slij) ring or 
wound rotor type. 

Squirrel-cage type motors are diAuded by 
NEMA into several classes giving a wide 
Aairiety of speed tortpie characteristics. 

Tin ise chissilications tirer 

Class A—Normal starting torque with 
normal inrush current 

Cla.s.y B—Normal starting torque with low 
inrush current 

Class C—High starting torque with low 
inrush current 

Class D—High slip motors. 

NEMA Standards MG-4-35 have as¬ 
signed a letter designation to appear on 
nameplates of all motors 1 hp and larger 
to indicate the locked rotor KVA per hp 
input to the motor. This standard is shown 
in Table 4. The locked rotor KVA with re¬ 
spect to the locked rotor starting current 
bears the following relationships: 


V5X volts X locked amperes 

KVA -- 

1,000 


KVA = 


KVA = 


2 X volts X locked amperes 

1,000 

1 X volts X locked amperes 

1,000 


For 3-phase motors 
For 2-phase motors 
For Bingle-phasc motors 
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Class A normal torque-normal inrush 
motors. This typo of motor, usually callod 
the general-purpose motor, is rapidly being 
superseded by the Class B motor. It may 
have starting currents as high as eight 
times or even ten times full load current, 
and for this reason it is not looked upon 
with favor, even though its efficiency and 
power factor may be very slightly better 
than those of the Class B motor. 

It can be apjdied to fans, blowers, cen¬ 
trifugal pumps and to reciprocating com¬ 
pressors when started unloaded. 

Class B normal torque-low inrush mo¬ 
tors. The normal torque-low inrush motor 
is more widely used in the refrigerating and 
air conditioning industry than any other 
type. It is successfully applied to fans, 
blowers, centrifugal pumps and to recij)ro- 
cating compressors when started unloaded. 

The locked rotor or starting torques and 
the maximum running torques of this class 
of motors are shown for different pole com¬ 
binations in Table 5. 

Fig. 4 shows a typical speed torque curve 
for this type of motor as well as the Class C 
high torque motor. 

In Fig. 5 are shown full load efficiencies 
and power factors for the average motors 
of tlifferent horsepowens and speeds from 1 
U]) to 400 hp. In the average motor, the ef¬ 
ficiencies for i and i load will be 1 and 2 or 


TabJe 4. Letter Code Designation Showing 
Starting KVA per hp for Alternating 
Current Motors \ hp and Larger 


Letter 

designation 

KVA 
per hp 

A 

0 - 3.14 

B 

3.15- 3.54 

C 

3,55- 3.99 

D 

4.0 - 4.49 

E 

4.5 - 4.99 

F 

5.0 - 5.59 

G 

5.6 - 6.29 

H 

6.3 - 7.09 

J 

7.1 - 7.99 

K 

B.O - B.99 

L 

9.0 - 9.99 

M 

10.0 -11.19 

N 

11.2 -12.49 

P 

12.5 -13.99 

R 

14.0 -and up 


A’utp: Moiurs nmiiufiiriurod priur to the dale of issu- 
uiiuB of tliiB C'lKle do not iiicludii tho KVA per hp on the 
iiameplnie. 


Table 5. Locked Rotor and Maximum 
Running Torque Values for NEMA 
Class B Squirrel Cage Motors 


No. of 
poles 

Min locked 
rotor 
torque, % 

Max 
running 
torque, % 

2 

150 

200 

4 

150 

200 

6 

135 

200 

B 

125 

200 

10 

120 

200 

12 

115 

200 

14 

110 

200 


Note: The loi-ked rotor torque and Tnaximum runninfr 
torque for Claae B motors will not be less than the values 
shown in table above except that some 2-pole designs 
have lower looked rotor torques than 150%. 

2 and 3%, respectively, below the figures 
on the curves for full load. A typical effi¬ 
ciency and power factor curve is shown in 

Fig. 6. 

Class C high torque-low inrush mo¬ 
tors. By means of a rotor having special 
shapes of bars in the squirrel-cage wind¬ 
ing, high starting torques in the neighbfir- 
hood of 200 to 250% of full load torque are 
developed without a material sacrilice in 
running eflieieiicy and power factor. This 
type of motor, somewhat morn expensive 
than the Class B, is called the Class C high 
torque-low inrush motor. Its typical speed 
torque curve is shown in Fig. 4 along with 
the curve for the Class B motor. 

The principal field of application for this 
motor is for starting reciprocating com¬ 
pressors which arc required to be started 
up with load. 




0 10 «a N 00 no iio i4o lao no too no i4o em 


mnCNT PULL LDID TONoUC 

Fig. 4. Speed Torque Curves, 
Claes B and C Motors 
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Class D high slip motors. This motor is 
seldDin iiBed in the refrigerating and air 
fonditioning industry. 

Multi-speed squirrel-cage motors. On 

many fan applications and compressors it 
is desirable to have more than one speed 
and to obtain it as simply and inexpen¬ 
sively as possible. Two-speed, three-speed 
and four-speed motors in many cases will 
fulfill the requirements even though the 
speed control is not so close as desired. 
Where only two speeds are required wdth a 
ratio of two to one in speed, this can be ac¬ 
complished with one winding in the motor, 
reconnected externally by means of a drum 
switch or contactors to give the second 
speed. The connections for a two-speed 
variable or constant torque motor such as 
would be required for a fan drive are shown 
in Fig. 7. 

Where a speed range as high as two to 
one is not desired, the stator must be pro¬ 
vided with two separate windings and in¬ 
ter-locked in the control, so that onl}'' one 
can be energized at any one time. In other 
words, the motor functions as two separate 
motors in one housing. 



Fig. 5. Representative Full Load Efficiencies 
and Power Factors of NEMA Claas B Squirrel 
Cage Motors 


If three or four speeds are desired, they 
can be obtained with two stator windings, 
each one a duplicate of the consequent pole 
winding shown in Fig. 7. 

Wound rotor (slip ring). In tho.^e case.s 
where a speed range of two to one is re¬ 
quired with quite a number of operating 
speeds between these limits, or where the 
motor is of such a large size that the power 
company system cannot stand the starting 
current of a squirrel-cage motor, the wound 
rotor (slip ring) motor is often employed. 



Fig. 6. Motor Efficiencies and Power Factors 
for Motors at Part Load 


This motor is similar in construction to 
the squirrel-cage motor as far as the stator 
is concerned, but the rotor, instead of being 
imiiisulatcd, is provided with the same in¬ 
sulated type of wiiiiling and the three 
leads connected to collector rings. Carbon 
bruslics on the rings arc connected to an 
external resistor and drum controller or 
contactors to cut the resistance out of the 
circuit with each successive step of the 
control. With sufficient resistance in the 
external rotor circuit the initial starting 
torque, and likewise the initial starting 
current, can be reduced to full load values 
or even lower. 

Fig.B shows a typical set of speed torque 
curves of a wound rotor motor with a seven 
point control driving a fan or centrifugal 
compressor, where the torque required by 
the fan varies as the square of the speed. 
On the first point of the controller, it will 
be observed that the motor will develop ap¬ 
proximately 70% starting torque with ap¬ 
proximately 75 to 80% of full load current. 
Since this torque is in excess of the break- 
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Fig. 7. Schematic Connection Diagram for Two- 
Speed, Single Winding Variable or Constant 
Torque, Squirrel-Cage Motor with Magnetic 
Control 

away torque requirements of the fan, the 
motor will start to accelerate the load and 
eventually bring tlie fan up to 55% speed. 
Then, if the controller is moved over to the 
second point, speed torque curve, R-2 ap¬ 
plies and the motor will accelerate still 
further up to 05%. By further increase in 
the controller, the motor and fan will be 


brought up to the final or top speed with¬ 
out causing excessively high currents to be 
drawn from the line. If the operator does 
not remain on point one of the controller, 
but moves rapidly over to point two^ the 
initial starting torque will be 125% of full 
load torque, and the initial starting cur¬ 
rent likewise of the same proportion. 

This type of motor, particularly in the 
larger sizes, is admirably suited to driving 
centrifugal compressors through step-up 
gearing. Where reduced refrigerating ca¬ 
pacity is required on moderattdy warm days 
in air conditioning systems, it is more eco¬ 
nomical from a power consumption stand¬ 
point to operate the compressor at reduced 
speeds rather than run it at full speed and 
vary the output of the compressor by 
damper control. 

Hermetic Motors 

According to NEMA, “A hermetic mo¬ 
tor consists of a stator and rotor without 
shaft, and shields or bearings for installa¬ 
tion in refrigeration condensing units of the 
hermetically sealed type.’^ 

In other words, with the motor and com¬ 
pressor sealed in a common chamber, its 



Fig. 8. Speed Torque Cur7es of Wound Rotor Motor 
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cunstruction must be such that its insula¬ 
tion can withstand the action of the re¬ 
frigerant and lubricating oil. Special se¬ 
lected long-fiber cotton treated with special 
compounds and a few types of resin-coated 
wires are acceptable to the application in 
that they neither foul the refrigerant and 
lubricant, nor deteriorate due to their ac¬ 
tion. 

Hermetic motors are available through 
the fractional horsepower range in the 
s])lit-phasc, capacitor start and two-value 
capacitor single-phase types of construc¬ 
tion. In these cases, starting switches and 
auxiliaries are mounted external to the 
compressor unit. 

Integral horsepower ratings are availa¬ 
ble for single-phase power, but by far the 
highest jjercentage of installations above 3 
hp are 3-phase. Hermetically scaled units 
are available uj) to 100 hp. 

Temperature rise. Unlike the normal 
open-type motor, the hermetic motor can 
be cooled by a variety of means such as 
air, water, refrigerant vapor, refrigerant 
lirpiid, oil or a combination of these means. 

The cooling of an hermetic motor may 
vary with roniTiressor operating conditions 
as much as with load, so that the tempera¬ 
ture rise may serve as a limitation under 
one set of compressor oj)eraling conditions 
and the maximum toi que refpiirements un¬ 
der another set. 

Inasmuch as the teiiijierature rise of a 
hermetic motor depends as much ui)on the 
design of the compressor and cooling sys¬ 
tem as upon the inotfir losses, the motor 
manufacturer ordinarily does not guaran¬ 
tee the temperature rise of a hermetic mo¬ 
tor, and the compressor manufacturer is 
ultimately resj)onsible for the temperature 
rise. 

Torque values of hermetic motors. In 

the fractional hp type, hermetic motors arc 
available in low, iionmil and high starting 
torque designs. In the normal and high 
torque designs, the starting torques are in 
the range of 300 to 400% of full load torque 
and the break-down torque approximately 
250%. 

In the integral hp polyphase type, the 
starting torques will vary from 250 to 
300% of full load torque with the break¬ 
down torques having the same values. 

Locked rotor currents or starting cur¬ 


rents of hermetic motors usually do not 
exceed the values recommended by NEMA 
for complete induction motors of similar 
rating. 

Synchronous Motors 

Synchronous motors, because of their 
higher efficiency and ability to correct 
power factor, have a very definite field in 
the refrigerating and air conditioning in¬ 
dustry, particularly in the larger sizes, 100 
hp and above. Their prineijial liidds of a])- 
jdieation are in driving slow-speed recii)rf)- 
eating eoinpressors and in furnishing 
power through stejj-iip gearing to eentri- 
fugal compressors iisetl air eonditiniiing. 

Synehrnnoiis motors JifTer from indue- 
tioii motors in that the rotating field re¬ 
ceives its pxi’itation from a soiiree of direet 
current, either in the form of a direct-enn- 
neeted exciter, or from direct current bus 
excitation. Usii Llly in the air comlitioning 
and rcfrigeritbm field, they are used on 
220, 440, or 2,300-volt syptems. Whereas 
induetion motors always operate with a 
lagging power fartnr, the synehronons mo¬ 
tor operates at unity power factor or a 
leading power factor. Leading jiower factor 
maehines are usually designed for S0% 
where a ennsiderahle amount of correction 
is required. Loth the 100% and 80% ma¬ 
chines, when 0 ])erating at reduced load, 
furnish additional ])ower factor correction 
in accordance with Fig. 9. 

The unity jiower factor synchronous mo¬ 
tors are usually 1 to 2% higher in effi¬ 
ciency than the corresponding rating of 
induction motor either of the squirrel-eugc 
or wound rotor types. The 80% power fac¬ 
tor synchronous motor, because it has a 
higher full load current and, consequently, 
higher losses than the 100% power factor 
machine, has just about the sainc effi¬ 
ciency as the induction motor of the same 
horsepower rating. 

Slow-speed synchronous motors. Slow- 
speed s^mchronous irintorfl of the engine 
type conatruetion (that ia, without shaft 
or bearings) are usually employed to drive 
slow-Bpeed reciprocating compressors. 
These motors have speeds of 450 rpin and 
lower. Because of the fact that such com¬ 
pressors are always started up unloaded, 
the starting torque and pull-in torque re- 
quirenienta are quite low, usually on the 
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order of 30 to 50% of full load tor( 4 ue. Be¬ 
cause of these low torque requirements for 
starting, the current inrush is usually in 
the neighborhood of 250 to 275% of full 
load current for the unity power factor mo¬ 
tors, and 225 to 250% of full load current 
for the 80% in a chines. With these low 
values of starting inrush, this type of mo¬ 
tor is inv^ariiibly started across full line 
voltage. 

High-speed synchronous motors. The 

high-spf^cd synchronous motor, also avail¬ 
able for unity power factor or 80% leading 
power factor operation, finds its principal 
application in driving high-speed centri¬ 
fugal compressors through step-up gearing. 
As mentioned previously, the wound rotor 
type of motor is more economical from the 
power consumption standpoint where load 
variation is required, but there are many 
installations involving more than one com¬ 
pressor where the base refrigeration load 
can be handled by the synchronous motor 
type of drive, and the variations in load 
taken care of by the slip ring motor on an¬ 
other compressor. 

There is also another form of centrifugal 
compressor drive utilizing the synchronous 
motor where varying load requirements are 
encountered, and that is the drive utiliz¬ 
ing a variable speed fluid coupling between 
the synchronous motor and the step-up 
gearing. The overall efficiency of this drive 
is just about comparable with the slip-ring 
motor application. It works out more ad¬ 
vantageously in those cases where space is 
at a premium because of the relatively large 
space requireiiicnts of the secondary resis¬ 
tor for the wound rotor application. 

High-speed synchronous motors inher¬ 
ently have higher starting currents than 
the low-speed type of motor, so that even 
though tlve torque requirements for start¬ 
ing the centrifugal compressor are quite 
low the inrush on full voltage is in the 
neighborhood of 500% of full load current. 
Some power systems cat satisfactorily han¬ 
dle this inrush, while on others it is neces¬ 
sary to resort to reduced voltage starting. 
In applications of this nature, it is impera¬ 
tive that the particular power company in¬ 
volved be consulted regarding starting cur¬ 
rent limitations. The motor and control 
manufacturer should be provided with 
complete information as to the horsepower 


requirements, speed and WR^ of the com¬ 
pressor, together with start-current limita¬ 
tions and interrupting capacity of the 
power system involved. 

Direct-Current Motors 

Ill some cases where alternating current 
is not available, direct-current motors are 
used to drive the various fans, blowers, 
pumps, and compressors required by this 
industry. This type of motor, available 
over the complete range from the smallest 
fractional horsepower up to the largest in¬ 
tegral horsepower rating, will always have 
ample torque available for acceleration for 
running loads within its rating. Motors are 
rated either 115 or 230 volts dc. 

Fractional horsepower motors, except 
the extremely small ratings, arc all com¬ 
pound wound, and can be thrown directly 
across the line. Integral horsepower motors 
can be furnished either as shunt wound or 
compound wound machines. If compound 
wound, they can be thrown across the line 
up to 3 hp, and for voltages 230 volts and 
below. Larger compound wound motors, 
and all integral horsepower, shunt wound 
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Fig. 9. Leading Reactive KVA Obtainable with 
SynchronouB Motors under Various Load Con¬ 
ditions 
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motors re( 4 uire ii starting resistani-i* in se¬ 
ries witli the ar:riiture. 

One advantage of the shunt vvmiiid de. 
motor over any of the ae motors is the fact 
tliat by shunt held control, a wide range 
of operating speed, with a large niiinber of 
oijenitiiig points and with efficient opera¬ 
tion, can be obtained. For tliis reason, 
shunt wound motors an* often used for 
driving fans. 

Reciprocating compressors, especiallv 
if required to start against lr)ad and to 
start and stop frequently, should use the 
compound wound type motor in order to 
be able to accelerate with the luiniinuin 
amount of current drawn from the line. 


For Induction and Synchronous Motors 

Synchronoiis speed =—~— 

where / = rrequency in cycles/sec 
/^= number of poles 
synchronous speed — FL speed 


% slip=- 


FL speed 


Types of motor enclosures. All of the 
various types of motors heretofore de¬ 
scribed can be obtained with a wide variety 


of iiieclianical enclosures to protect them 
fiuiu extreme operating conditions. The 
various types of enclosures normally usetl 
ill this iiidiisti'v, together with their teni- 
perature rise guarantees, are as follows: 


OnLiii-type nuitiji 
])ri|>-proor riiulor 
SplaBh-proof niotur 
'I'Dtally uiicIdsciI iiiDtiJi'* 
Totally enploBeil fmi- 
roolcd motor* 


40 C rise euutiiuiuuB 
TjO C rise continuouB 
TjO C rise coiitinuouH 
r)5 C rise rontinuouB 
55 C rise rimtimioiiH 


'I' Inrluding lixplutiiDJi pruuf luuLuro. 


Ambient temperatures. All of the above 
motors are guaranteed to deliver their full 
horsepower continuously under operating 
conditions where the auduent temperature 
does not exceed 40 0. If higher ambient 
temperatures are to be rnrountered, spe¬ 
cial motors should be applied having a tem¬ 
perature rise lower by the amount that the 
actual ambient exceerls 40 C. 

Service factor. All standard open-type 
motors carry a service factor of 1.15 which 
means that they will carry 15% overload 
continuously without reaching dangerous 
tempcTatures, providing both the voltage 
and the frequency are held constant at tlie 
namejdate values. 

Drip-proof, splash-])rf)or, totally cn- 


Useful Formulae 


General Information on Motors 


FL ftinpB = 


hpX74(i 


FL amps=—- 


FIT. XP.F. Xv/SXA'' 
hp X74G 


FL amps = 


FIT. XP.F. X2X^r’ 
hpX746 


IVA' 4 fe’x/xv'n 

KV A input =- 

' 1 ,000 


KV A iii|jut = 
KVA input 


KXIX2 
\ ,000 
KXI * 


1 ,000 

Kw input = KVA inputXP.F. 

kw input XelT 


Hp output > 


.746 

torque X rpm 


for 3-i)hasc motors 
for 2-phasc motors 
for single-phase motors 
for 3-phaso motors 
for 2-pliasc motors 
for single-phase motors 


Hp output 


5,250 
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closed, and totally enclosed fan-cooled 
motors do not carry this service factor. 

Insulation. There are three different 
classes of insulation used in electric mo¬ 
tors. Class A insulation, the kind used in 
most motors, involves the use of paper, 
cotton and resinous-coated conductors 
with similar materials for slot-cell insula¬ 
tion and phase insulation with the entire 
winding covered or impregnated with an 
insulating varnish. This class of insulation 
is good for a maximum hot spot tempera¬ 
ture of 105 C. 

Class B insulation includes asbestos, 
mica and glass, together with normal insu¬ 
lating varnish, and is good for a maximum 
hot spot temperature of 135 C. 

Class C insulation includes glass and 
ceramics for which no maximum tempera¬ 
ture limitation has been set. In the present 
state of the art, this type of insulation is 
not being supplied for standard motors. 

Thermal protection for motors. In many 
motors, especially of the single-phase type, 
thermal protective devices are sometimes 
incorporated in the motor construction. 
They consist of bimetal discs or strips in 
intimate contact with the motor iron or 
windings, and incorporating in their con¬ 
struction contacts which open the circuit 
in case the motor for any reason reaches a 
dangerous operating temperature. In the 
single-phase motors, there is included in 
this device a heater carrying the motor line 
current so as to give adequate protection 
against stalled motor conditions. 

In the polyphase type motor, the same 
type of protection is provided except that 
the eontacts in the device open the control 
circuit, and since such motors carry cur¬ 
rents of appreciable magnitude, no auxili¬ 
ary heaters are included. This type of ther¬ 
mostatic protection will not protect this 
motor against stalled rotor conditions, but 
will protect it against overheating caused 
by overloads, too frequent starting or lack 
of proper ventilation. 

Effect of voltage variations on motor 
characteristics. For the following types of 
ac motors—split-phase, capacitor type, re¬ 
pulsion start-induction run type, or the 
polyphase induction motor—all torques 
vary as the square of the voltage. 

For example, a repulsion start-induction 
run motor attempting to start on 90 % vol¬ 


tage would have its speed torque curve as 
shown in Fig. 3 reduced to 81 % of the values 
shown in the curve. In other words, the 
starting torque would be reduced from 
460% to 370%, the torque at transfer from 
repulsion to induction operation reduced 
from 235% to 190%, and the maximum 
torque reduced from 250% to 200%. The 
operating speed would be decreased a 
very slight amount, the efficiency would 
he decreased several j)er cent, but the 
power factor would he increased. The av¬ 
erage motor would operate at full load with 
a slightly higher temperature rise. Con¬ 
versely, if the voltage were 10% high, the 
torque values would increase 21% above 
the figures shown in Fig. 3. 

In the case of the synchronous motors, 
the starting torques and pull-in torques 
vary as the square of the voltage, hut the 
pull-out torque or maximum torque varies 
directly with the voltage. 

All motors are guaranteed to operate 
satisfactorily and deliver their full rated 
horsepower at rated frequency under volt¬ 
age conditions 10% above or below name¬ 
plate rating without reaching dangerous 
operating temperatures. 

Effect of frequency variations on motor 
characteristics. All motors will operate 
satisfactorily under conditions of plus or 
minus 5% frequency variation, providing 
the voltage is held constant. They will also 
operate satisfactorily wliere the sum of the 
voltage and frequency variation does not 
exceed 10% (provided the variation in fre¬ 
quency does not exceed 5%) above or be¬ 
low normal rating as stamped on the motor 
nameplate. 

The question often arises as to wdietlier 
or not a 60-rycle motor can he used on 50 
cycles. Usually standard open-type poly¬ 
phase motors will operate satisfactorily, 
delivering their rated load with a 50 C tem¬ 
perature rise, instead of 40 C rise. 

Single-phase, 60-cycle motors are not 
usually adapted to operation on a 50-cyclc 
circuit on account of the fact that the 
speed at which the centrifugal device op¬ 
erates will he too high. 

Adequacy of power supply. Because of 
the harmful effect which low-voltage con¬ 
ditions have on the speed torque curves 
and operating temperatures, it is impera¬ 
tive that all transformers and feeders serv- 
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Fig. 10. Schematic Diagram of Across- 
the-Line Magnetic Starter 


ing nir [lonclitioning and ndrigerating loads 
be of adequate size to take care of normal 
running loads, and also starting currents 
without causing too much voltage drop. 
Alany refrigerating and air conditioning 
motors are applied on the basis of a duty 
cycle loading, so that under certain condi¬ 
tions of operation, they are required to 
start and come up to speed against a very 
material overload. It is important, there¬ 
fore, that voltages be held up to normal at 
all times. Many installations have experi¬ 
enced serious difficulties because of inade¬ 
quate transformer and feeder capacities. 

Electrical Controls for Motors 

Functions of control. The principal func¬ 
tions of any control device are as follows: 

1. Start and stop the motor either manu¬ 
ally, magnetically by means of push 
buttons or magnetically by means of 
controlling devices such as thermostats, 
pressure relays, etc. 

2. Protection to the operator 

3. Protection to the motor 

4. Control the speed 

5. Limit the current drawn from the line, 
during starting or during running. 


Manual control is provided for many sin¬ 
gle-phase motors and polyphase motors up 
to and including 3 hp. This control consists 
of a manually operated set of line contacts, 
provided with a set of thermal overload re¬ 
lays whieh will trip the contacts to the open 
position in case a sustained overload oc¬ 
curs. 

Other manually controlled devices in¬ 
clude a wide variety of rheostats and speed 
regulators for obtaining limited speed con¬ 
trol on capacitor motors used on unit 
heater and unit cooler drives. 

Across-the-line magnetic starters. This 
type of starter, more widely used than any 
other on polyphase imlurtion motors, is 
adaptable to either manual starting and 
stopping b}' means of push-buttons, or it 
can be automatically controlled by moans 
of tliermostats or prer^sure relays. Fig. 10 
shows a schematic diagram of this starter, 
with push biitlion control or with selector 
switch and tliormostat control. 

Where push buttons alone are employed, 
they ma}" be wired up for either low-volt¬ 
age ridease or low-voltage protection, both 
of which are shown in Fig. 10. Low-voltage 
protection, which means protection to the 
operator, utilizes a throe-wire start-stop 
pushbutton station so arranged that in 
case of voltage failure the motor will not 
start up again on resumption of voltage 
until the start pushbutton is pressed. Low- 
voltage redease involves the use of a two- 
wire walking beam type of pushbutton 
whereby, in case of power failure, the mo¬ 
tor will stop but will start up again auto¬ 
matically upon resumption of voltage. 

Auto transformer starters. The auto 
transformer type of starter is used on 
larger squirrel-cage motors above 20 or 25 
hp where it is necessary to limit the start¬ 
ing current drawn from the line. A schema¬ 
tic diagram of this type of starter is shown 
in Fig. 11. 

With this type of starter the current 
drawn from the line varies as the square of 
the voltage applied across the motor termi¬ 
nals. It has the disadvantage that open 
transition takes place upon changing from 
starting to running, and for this reason is 
sometimes considered objectionable by the 
power company on whose lines it is operat¬ 
ing. 

Resistance type (increment type). This 
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Fig. 11. Typical Schematic Diagram of Mag¬ 
netic Auto-Transformer Type Starter for Squirrel 
Motors 


type of ptartcr for the squirrel-cage induc¬ 
tion motor is often used on the 208-volt 
network systems in the larger cities. It em¬ 
ploys a line contactor, one or more steps of 
resistance in the leads going to the motor, 
and one or more accelerating contactors to 
short out this resistance in bringing the 
motor up to speed. The advantage of this 
type of starter is that it does not open the 
circuit to the motor at any time during the 
starting operation, but it has the disad¬ 
vantage that the current drawn from the 
line is directly proportional to the voltage 
across the motor terminals. Where two or 
more steps of resistance are employed, as a 
result of power company limitations, these 
limitations may be such that the motor 
may not start on the first step of the con¬ 
trol, which condition should not cause any 
undue alarm. 

The poAver company regulations may be 
such that the full locked rotor current will 
not cause any disturbance on the line, 
providing this value of current is reached 
by increments occurring not oftener than 
once every one and a half or two seconds. A 


schematic diagram for this type of starter 
is shown in Fig. 12. 

Wound rotor motor control. This type f»f 
control usually en ploys a comlnnation of 
an ai-Toss-the-line starter in the primary 
circuit to the ii f)tor in cf)]tibination with 
a manually-operated or motor-operated 
drum controller and resistance controlling 
the secondary winding of the motor to give 
the desired speed control. 

Synchronous motor starters. Synchron¬ 
ous motor starters may he of the full volt¬ 
age or reduced voltage type as required. If 
of the reduced voltage type they may in¬ 
corporate either resistance, reactance or 
auto-transformer type starting. Also, they 
may be either of the semi-magnetic or full 
magnetic tj^pe. 

In the semi-magnetic type, manually 
operated breakers are used to apply re¬ 
duced voltage or full voltage to the motor 
stator windings, after which at the desired 
time or speed direct current is automati¬ 
cally applied to the field. In the full mag¬ 
netic type, the entire operation is auto¬ 
matically handled in the correct sequence 
merely by pressing a start pushbutton. 

Various sequence and extra protective 
relays, not normally furnished with the 
starters used for squirrel-cage motors, are 
required in the synchronous motor starter. 

Maintenance of Electrical Equipment 

When a new motor is first received on 
the job, a thorough inspection should be 
made to insure that it has not been dam¬ 
aged in shipment, and that it is in good 
working condition. If possible, the shaft 
should be turned by hand to see that it 
rotates freely. 

Bearings should be inspected before 
power is applied to see that they are pro¬ 
vided with adequate lubricant. Fractional 
hp motors are normally provided with 
waste packed sleeve bearings, and are usu¬ 
ally supplied with enough oil to last three 
or four months in operation. An inspec¬ 
tion of the bearings will reveal whether 
or not oil should be added. This type 
of motor should use a light grade of 
good machine oil (S.A.E. #10 W). 

If the motor is provided with ring oiled 
sleeve bearings, oil must be added to the 
proper level before it is placed in service. 
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If the motors are provided with ball 
hearings, they will have sufficient lubricant 
for at least three or four months’ service. 
Some motors are provided with pre-lubri- 
cated sealed ball bearings which will only 
require cleaning and re-paeking once every 
five years. 

Cleanliness is of utmost importance in 
the satisfactory operation of any motor. 
Periodically, depending upon the amount 
of dirt in the atmosphere, motor wind¬ 
ings should be thoroughly cleaned by blow¬ 
ing them out with air, using care that the 
blast of air from a compressed air hose does 
not come too close to the motor windings 
and cause damage to the insulation. Every 
three to five years it is advisable to clean 
the motor windings thoroughly and give 
them another coat of insulating varnish. 

When new motors are received, they 
should be stored in a warm, dry place until 
ready to be used. If, for any reason, they 
liave been exposed to undue moisture con¬ 
ditions, they should be thoroughly dried 
out before full voltage is applied to them. 

The most effective method for drying 
the larger higher voltage motors is to pass 
current through the windings, using a volt¬ 
age low enough to be safe when the wind¬ 
ings are moist. For 2,300-volt motors, 220 
volts will usually be satisfactory for cir¬ 
culating dr^nng out current. Thermometers 
should be placed on the windings to sec 
that they are being heated uniformly, and 
that the temperature does not exceed 
90 C. For medium size and lower voltage 
motors, drying out may be accomplished 
by enclosing the machine in a temporary 
housing of sheet metal, and placing space 
heaters about the machine. 

Where brushes are employed on direct- 
current, slip-ring or synchronous motors, 
the brushes should be inspected periodi¬ 
cally to see that they are free in the hold¬ 
ers, and that they are not worn excessively. 
The brush riding surfaces should be in¬ 
spected, and if it is found that they are 
picking up metal from the rings nr from 
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Fig. 12. Schematic Wiring Diagrams of Re¬ 
sistance Type Magnetic Reduced Voltage Starters 
for Squirrel-Cage Induction Motors 


the commutator, the metal particles 
should be reiiioA^ed, and the brush face 
resurfaced. Brush tensions on the average 
machine should be on the order of 2 to 2.5 
psi of projected brush area. 

Air gaps in the average induction motor 
vary from 0.012 in. in the smaller motors 
up to 0.038 in. ir the larger ratings. It is 
important that tlie air gaps be checked 
periodically to insure that bearing wear 
has not permitted the rotor to strike the 
stator. When the air ga]) on one side of 
the motor readies a point where it is half 
or two-thirds that on the other side, it is 
an indication that the bearings are prob¬ 
ably worn, and that they should be re¬ 
placed. 

All control apparatus should be in¬ 
spected thoroughly each time the motor 
is given an inspection. If contacts are 
badly pitted they should be dressed up, 
and if badly worn they should be re¬ 
placed. All control connections should be 
checked up periodically to see that they 
are tight. Most control contactors do not 
require any lubrication and should, there¬ 
fore, not be oiled. 
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Nomenclature 

yl=the basic loadiiiK area; the gniss 
cross sectional face area of a cnuii- 
terflow', forced coiivecliini cooling 
tower, sq ft 

fla=the effective composite area per 
unit of active filled volume, sq ft j)er 
cu ft 

a/=tlie area of aedive fdling surface per 
unit of active fdlcd volume, sq ft 
per cu ft 

if =baromctrin pressure, in. TTg 
J^=the active width of atmospheric 
tower, ft 

Cr = C 3 ’'fdR mniluliis gpm per sq ft per 
cycle 

c=the active tower length of atmos¬ 
pheric tower center to center of end 
posts, ft 

d = dynamic splash effect, sq ft per 
gpm 

e = filling splash height per c^^clc, in. 

F = w e t-b ul b fact or 

f‘r=the overall coefficient of heat ex¬ 
change by conduction and convec¬ 
tion, Btii per sq ft, F min 
fd =the vaporization coefficient for mass 
transfer of water vapor, lb per sq ft 
min, and in lb jier 11) 

(lPMb = basic loading gpm per sq ft = 
O.l^OLa/A or 0.120 U/bc. 

77 = the vertical distance center tn cen¬ 
ter of splash decks in an atmos¬ 
pheric cooling tower, in. 

77/= height of fill in a packed tower or 
height of active spray chamber in a 
spray filled tower, ft 
7=Hizing index, Figures 11 through 15. 
La =thc initial water rate, lb per min 
M =a subscript indicating a mean effec¬ 
tive value 

7n=loadiiig factor, sq ft per gpm per 
deck 

N = ihc number of splash decks in an 
atmospheric cooling tower 
P= wetted perimeter of filling element, 
in. 

r = deck factor, sq ft per gpm per deck 
*5 = 8izing scale abscissa of Figure 6, 
decks 

Ai5 = sizing scale intercept, decks 

fi = thB humid specific heat of the air- 
water mixture (s =0.24-f-O-dSw), 
Btu per lb dry air F 


h=the hind water temperalure, F 
<2 = the initial water temperature, F 
t'=gross vertical linear velocity of air 
in a forced convection tower, 
against filling face, ft per min 
i’liinx = niaxiimim linear air velocity over 
filling, ft per miii 

FB=the humid volume of air entering 
the tiiAver, cu ft ])er lb dry air 
IF = wind velocity faftnr, TaViie 1 
'ir=the humiility ratio ^specific hiimiil- 
ity), lb water vapo.'' per lb dry air 
2 = the cycle height, in. jier cycle 
= sensible equivalinice 
l’i = the sigma function for saLurated air 
at the l,emj)Rraturc of the bulk of 
the li piui, Btu per lb ilry air 
Z = the sigma fiuii t iou for saturated air 
at tin; temperaliirc of the main air 
stream, Btu per lb dry air 
a = percent age of Idling surface wetted 
a t Cy a 

1. The refrigerating maehiiie is oper¬ 
ated for the purpose of extraiiiiiig lieat 
from spaces wliieb are maintaiiied at a 
temperature lower than that of the natural 
surroundings. Tlie useful heat load on the 
stream of the refrigerant plus the energy 
added by the eompressor must be dis¬ 
carded through a suitable heat exchanging 
apparatus. The first step in this discard 
is the transfer of the heat through the con¬ 
denser walls to a receiving fluid—water or 
air. Where natural waters for eondeiisers 
are not available, or where the heat is nut 
utilized, the final rejection is made to 
atmospheric air. In .small coiirlensirig units, 
the final transfer may be directly to the 
air from the dry condenser surfaees, but 
economy dictates tliat the principle of 
evaporative cooling of water in air be em¬ 
ployed so that equipment sizes may be 
kept within practical limits. The water¬ 
cooling tower is an apparatus which dis¬ 
cards heat from a circulating water stream 
to atmospheric air by sensible beat trans¬ 
fer and evaporative cooling. Thus, with 
water acting as the vehicle for heat re¬ 
moval from a condenser or heat exchanger 
to a cooling tower, economical operation is 
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attiiiiKMl Ijy leuiiiiuliiting tlio water, and 
rontinuDUsly iej(M*ting tin; licat tn the 
atiiiosiiliciiu air. 

Principle of Cooling by 
Exposure to Air 

2. In Figure 1, A, anil C iRpresent 
the j)ir)gres.sive poBitioiis of the tempera¬ 
ture of a ilrop of water rluiing its cooling in 
air.^ Tlie inner circle in eacli case is the 
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© K. SimnriH, JH47 

Fig. 1. Progressive Positions of Water Drop 
Temperature during Air Cooling 

ilroj), while the outer, eon centric circle 
represents the atmosphere of vaj)or-satu- 
nited air which encases the drop. In the 
atmosphere ring of the drop, dots repre¬ 
sent the relative proportions of water 
vapor present in the saturated air layer 
existing at the bulk temperature of the 
drop. The instantaneous rate of evapora¬ 
tion from tlie water drop is proportional 
to the weight difference, pei pound of dry 
air,’^ between the water va|)or content of 
saturated air at the water temperature and 
the actual vai)or content of the air. The 
hotter the water, the greater will be the 
moisture content in the saturated atmos¬ 
phere of the w^ater drop, and the greater 
will be the driving force for evaporative 
cooling. It is important to note that this 
driving force depends upon the moisture 
present per pound of dry air, and not upon 
the dimensions or volume of the atmos¬ 
phere ring. 

If the air supply for cooling the drop of 


water were in/iiiitc, the moisture content 
of the air would be unaffected by evapora¬ 
tion from the very small drop, and the 
condition of an evaporation sink would be 
established. Further, under these comli- 
tions, the temperature of the air would be 
unaffected. The drop of water, af condi¬ 
tion A, is cooled both by the flow of sensi¬ 
ble heat to the collier air and by the evapo¬ 
ration which occurs when tlie most active 
water molecules leave the drop, thus reduc¬ 
ing its mean internal energy. If heat is not 
supplied to compensate for this loss of 
energy, the temperature of the water drop 
must decrease. When the drop of water has 
been cooled to the temperature of the air, 
position B, sensible heat transfer ceases, 
because of the absence of a temperature 
gradient, but evaporative conling con¬ 
tinues if the air is not saturated. At condi¬ 
tion A, there are shown 10 dots of relative 
moisture concentration, and the unbal¬ 
anced driving force of vapor diffusion is 
shown by the 8 rays to the evaporation 
sink. When the drop has been cooled to the 
air (or dry bulb) temperature, there are 
but f) dots of relative moisture concentra¬ 
tion in the drop atmosphere, and the mois¬ 
ture diffusion rays to the evaporation sink 
arc reduced to 4. Cooling, however, does 
not cease since the air is unsatui-ateil. The 
continuing action of evaporation reduces 
the temperature of the drop, even thougVi 
heat from tlie warmer air flows into the 
drop, tending to heat it. When the cooling 
effect of evaporation is offset by the flow 
of heat from the wanner air, a state of 
equilibrium is reached, and the tempera¬ 
ture of the drop is that of the wet bulb 
temperature. 

The equivalent atmosphere of the sink is 
shown as 2 dots of relative moisture con¬ 
centration, corresponding to the dew point 
condition. If the air had been initially 
saturated at the dry bulb temperature, 
with its atmosphere of 6 dots, the driving 
force would have been from 10 dots at A 
to 6 dots at D, and the relative number of 
rays would have been 4 for position A in¬ 
stead of the 8 indicated. Furthermore, the 
dew point and the dry bulb temperatures 
wnulil have been the same, and the wet 
bulb temperature would necessarily have 
been equal to the dry bulb temperature. It 
is most important to note, however, that 
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cooling would still have proceeded, since 
both a temperature differential and a vapor 
concentration gradient would have existed 
at the start of the cooling. 

In actual cooling towers, the air supply 
is not infinite. This air supply lacks the 
capacity of a sink to completely engulf the 
i;vaporation feed, and the moisture con¬ 
tent of the eLpiivalent atmosphere increases 
us the air passes through the apparatus. 
Therefore, less temperature differential 
fi om air to water is required to arrest the 
temperature lowering due to evaporation,’ 
and the wet bulb temperature rises as the 
air passes through the cooling tower. 

The wet bulb temperature^ may be ac¬ 
cepted as the lowest temperature to 
which water may be cooled in air. Further¬ 
more, analysis has demonstrated that the 
equations of water cooling or heat sur¬ 
render may be based upon driving forces 
calculated between proijerfcies of the water 
temperature and the wet bulb tempera¬ 
ture; the consideration of the dew point 
and the dry bulb temperatures need not 
enter into the determination of the driving 
forces. In fact, a very convenient method 
of analysis utilizes a driving ff)rcc which is 
the difference between a heat content of 
saturated air at the water temperature 
minus a heat content of saturated air at 
the wet bulb temperature^ of the air. (The 
heat content quantity used may be en¬ 
thalpy nr sigma function.) Whenever heat 
is added to air, the wet bulb temperature 
increases; this is true even though no water 
vapor is added. Consequently, when the 
heat from a refrigeration system is re¬ 
jected into air by a cooling tower, the wet 
bulb temperature of the air passing 
through the cooling tower is increased 
and the driving force for cooling is de¬ 
creased. 

A study of Figure 1 indicates that 
evaporative and sensible heat transfer oc¬ 
cur simultaneously. Fortunately, the con¬ 
ductance^ (over-all heat transfer coeffi¬ 
cient) for sensible heat transfer through 
the air film to the water surface is directly 
proportional to the coefficient of vapor 
transfer for evaporation, and the heat and 
evaporation equations may be combined, 
using the conductance for sensible heat 
transfer through a dry air film as a basis. 
Thus, arrangements of surface which give 


tlie best conductances for tube buildups 
ill dry air are indicated as desirable guides 
ill the arraugeiueut of the water-covered 
guiding surfaces of cooling towers. For in¬ 
stance, with respect to conductance, stag¬ 
gered tubesin banks are superior to tubes 
in line, tubes in banks are superior to sin¬ 
gle tubes, counter flow is generally superior 
to cross flow,“’» and cross flow is generally 
superior to parallel flow. 

Balancing Factors 

3. The driving force is a function of tbe 
difference between the temperature of the 
water and the wet bulb temperature of the 
air in contact with the water. As air quan¬ 
tity is decreased in a given cooling tower 
for a given heat removal and a constant 
wet bulb temperature of entering air, the 
final wet bulb temperature of ilic air is in- 
creascfl, since the wet bulb temperature 
increases as heat is adrled to the air. Under 
such conditi ons, the driving force for cool¬ 
ing is decreased. 

4. The surfaces for heat transfer in a 

water eooling tower comprise the moving 
water films flowing over the guiding filling 
surfaces,^ the drops, the streams of water, 
and all fother surfaces which are covered 
with water, incluiling water surface in the 
basin ami water films on structural mem¬ 
bers. The basic loading, GPAlb, iw equal 
to the total flow of water over the cooling 
tower in gallons per iiiinute divided by the 
active horizontal area of the tower. The 
active horizontal area is the hfirizontal 
cross sectional area of the cooling tower in 
square feet across which the water passes 
in its gravity flow from the top to the bot¬ 
tom of the cooling tower. In an atmos¬ 
pheric tower, the active area is the internal 
width, face to face of posts multiplied by 
the tower lengtli, eenter to center of end 
posts; and it is always area inside the 
louvers. In a mechanical draft tower with 
counter flow of air and water, the active 
area is the gross area of the airway, and 
eorresponds to the face velocity directed 
against a coil. For a constant construction 
pattern, a decrease in GPMb allows a 
greater prorata of surface per gpm, but 
the coverage of water over the surfaces is 
decreased at light loadings due to channel¬ 
ing. 

5. The heat transfer coefficient for cool- 
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ing tower action varies with the relative 
velocity of air over the film surfaces. There 
is strong eviLlence“‘' to show the presence 
of a relatively slow-moving, streamline film 
of air on the surface of a solid over which a 
stream of air is flowing. The heat transfer 
through such a film is by conduction until 
the heat penetrates tlie film. The heated 
molecules at the boundary of the film arc 
ilicn pickcfl up and carried away by the 
swilling action of the main body of the 
fluid, and tbe licat transfer is then mainly 
by ffjrivectiori. As the velocity of the air 
stieain is increased, the thickin;ss of the 
streamline layer is decreascfl by the in- 
cicascfl wiping and nibbing action of the 
air stream, and the insulating resistance 
of the film is redu(aid, allowing a greater 
heat transfiir or cmidu(;tancc through the 
film. Thus, as in the case of any insulation 
problem, the reiliHicd thickness of insula¬ 
tion permits greater heat flow, and in¬ 
creased air velocity over the cooling sur¬ 
faces is associfLtod with a greater rate of 
heat exchange. 

6. The cooling tower capacity is indi¬ 
cated by the rate of watei' circulation and 
the water temperature, and is controlled' 
by; 

a. Driving force dependent upon wet- 
bulb temperature and air rpiantity. 

b. Heat transfer coeilicient as deter¬ 
mined by the air velocity and char¬ 
acter of tlie surface. 

c. Amount of cooling tower surface. 

It is very important to undiirstand that, 
irrespective of tlie amount of surface in the 
cooling tower, the air (quantity may be so 
low in relationship to the rate of water 
circulation that a theoretical point of zero 
driving force"'" may develop within the 
tower path. Under such a condition, water 
temperatures must increase in order to al¬ 
low positive driving forces to exist through¬ 
out the tower. When the ratio of air to 
water is too low, addition of surface will 
not correct the difficulty. (See Figure 15.) 

Design Conditions 

7. The wet bulb temperature of design 

should not be exceeded more than 5 per 
cent of the operating liours during a nor¬ 
mal summer. Atmospheiic (free convection 
pr natural draft) equipment should be de¬ 


signed to operate properly with no more 
than one-half of the average wind velocity, 
and the maximum design wind velocity 
should not exceed 5 mph. 

B. Evaporation will be about one per 
cent of the water circulated for each 10 
deg F of water cooling range, provided tlui 
cooling is mostly evaporative. Since the 
condenser heat output to the cooling water 
is approximately 15,000 Btu per hour per 
ton of refrigeration, and since the heat to 
vaporize one gallon of water is about 83;30 
Btu per gallon, a cooling tower must 
evaporate, on the average, 15,000/8330, or 
1.8 gallons per hour per ton of refrigeration 
to the compressors. Figure 2 may be used 
for estimating the condmiser heat rejection 
to the cooling tower water. In using Figuj c 
2, it is important that the saturated suc¬ 
tion gas temperature be that of the oom- 
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Fig. 2. Chart for Estimating Heat Rejection 
from Refrigeration Condensers (Mechanical Re¬ 
frigeration) 


pre.ssors connccteil to the condenser. Also, 
the refrigerating effect must be applied to 
the capacity of the compressors discharg¬ 
ing directly to the condensers and not to 
the capacity of the low stage or booster 
compressors. This is necessarily so, since 
the higli pressure compressors must handle 
not only the pay load from refrigerated 
space or processes, but also the heats of 
compression of the low temperature ma- 
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chines, the refrigerating loads of sub-cool¬ 
ing, etc. In such compound systems, the 
proper suction pressure is intermediate be¬ 
tween the suction temperature of the low 
pressure machine and the discharge pres¬ 
sure of the high pressure machines. 

9. Continuous blow down (or bleed) is 
gcnerall}^ necessary in cooling tower cir¬ 
cuits. Since makeup water must be con¬ 
tinually supplied to offset tlie approximate 
1.8 gallons per hour per ton of refrigera¬ 
tion, this makeup water will carry into the 
system the mineral concentiation of its 
analysis. When water has been vaporized 
in the process of eva|)Oiative cooling, it 
has actually been distilled from its original 
salts, and the concentrations increase in 
the cooling tower circuit. A prjint may be 
readied at which lieavy deposition of scale 
will occur. Therefore, means must bo pro¬ 
vided for blowdown from the circuits of 
cooling towers and spra}^ ponds. For in¬ 
stance, if 1000 ppm of salts were the maxi- 
muni whieh might be held in a system for 
good operation, a makeup water of 1000 
ppm would not be allowable. A simple mass 
balance will give the relationship between 
Idowdown water and evaporated w^ater as 
follows: The ratio of blowdowm waiter to 
evaporated waater is equal to the ppm of 
the inakeiip water divided by the difference 
betwT,en the ppm for the system and the 
ppm for the makeup water. For example, 
wdtli a makeui) w atcr having 250 ppm salts 
and a system waater satisfactory at 1000 
ppm salts, the ratio of the blow’down 
waiter to the evaporateil water is equal 
to 250/(1000 —250) = J; therefore, iXl.8 
= 0.6 gallons per hour pej- ton of refrigera¬ 
tion blowdown. The makeup is then equal 
to the evaporation plus the blowdown; or 
in the case of the exiimpln: 1.8+ 0.6 = 2.4 
gallons per hour per ton of refiigeration. 

Atmospheric cooling towers arc subject 
to the actions of cross winds, and in many 
cases will achieve blowdowm without ac¬ 
tual drainage from the system. In no case 
should the makeup W'ater allowance to 
cover wandage be less than one per cent; 
and in high winds, the amount may run 
considerably greater. .Mechanical draft 
cooling towers are provided with very effi¬ 
cient drift eliminators which limit the loss 
by entrainment in the air stream to figures 
approximating 0.3 per cent of the circu¬ 


lated Water. Towers of this type must be 
definitely provided with blowdown in 
order that excessive scaling may not occur 
within the tower or on the surfaces of the 
heat exchange equipment used with the 
cooling tower w’atcr. 

Structure 

10. The cooling toivcr in a large plant 
is a structure of considciablc pi oportiona. 
The shipping W’eights of wu)odeo cooling 
tow'er.s are rarely the operating w'cights, 
since the wood picks up moisture during 
operation. IMany cooling towmrs arc con¬ 
structed of materials which will develop 
W’eights uniler opei’atioii as liigh as 5 
ptvLinds i)er lioanl foot of lumber when 
saturateil. Tlierefoie, in designing sup¬ 
porting structures, weights of saturated 
parts should always be consiilcrctl. 

The tower gcneially cxptises a consider¬ 
able surface to wind pressure. Also, there 
are many cases in tlie western states’’ 
where scismie lateial loads must be con¬ 
sidered. Where lateral and wind loads de¬ 
velop, the pressures on the leew’ai d posts 
are increased due to tlie overturning action 
of the lateral forces, and such loails must 
be properly aiiplied to the dead w’eights 
of the towmr in designing foundation struc¬ 
tures. 

11. Water treatment is generally neces¬ 
sary for satisfactoiy cooling tow^er opera¬ 
tion. The build-up of scales and the foul¬ 
ing^ due to algae and slimes should be in¬ 
vestigated for eacVi water anil locality; and 
proper means of control slioulil be adojitcd. 
Refrigerating Engineering Application 
Data—Section 46 of the American Society 
of Refrigerating Engineers is a valuable 
guide in tliis matter. 

IZ. Approach to the wet bulb is an im¬ 
portant design quantity. It is the differ¬ 
ence between the teinperature of water- 
leaving the cooling tower and the wet bulb 
temperature of air entering the cooling 
tower. Since the wet bulb temperature is 
the lowe.st temperature to which water 
may be cooled in air, a theoretically in¬ 
finite size of cooling tower is required to 
cool water to the wet bulb temperature. 
Thus, as the approach to the wet bulb is 
decreased for a given cooling load, the cost 
of the cooling tower installation is in¬ 
creased. It is important that the combina- 
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tion of the condenser and the cooling tower 
he economical. In many cases, an ap¬ 
proach of 7 to 10 F will be satisfactory. A 
very excellent analysis on this subject is 
given by Degler.'“ The combination of con¬ 
denser and cooling tower should be coii- 
.sidered for economical operation between 
the limits of the wet bulb temperature and 
the condensing temperature. Arbitrary 
selection of a low approach to the wet bulb 
may be quite unsatisfactory from an eco¬ 
nomic standpoint. 

Atmospheric Cooling Towers 

13. The atmospheric splash-deck cool¬ 
ing tower is illustrated in typical construc¬ 
tion in Figure 3. Towers of this type are 
known as free convection towers, since the 
air currents are not supplied by mechan¬ 
ical means. The air supply may be prin- 


DISTRIBUTION 



cipally due to the action of wind currents, 
or it may be due to the thermal air cur¬ 
rents developed by temperature and den¬ 
sity differences generated during cooling 
action. Water is distributed at the top of 
the tower, and passes downward to the 
basin. The distribution system showm in 
Figure 3 is a low pressure, splasli-impact 
system. However, other systems that are 
used are the trough and the spray dis¬ 
tribution types. In some cases, sprays are 
directed upward. Where such spray ilis- 
ti'ibutions are enclosed within solid fences, 
the efficiency is greatly decreased due to 
the lack of air supply to the spray cham¬ 
ber. A superior result is obtained by having 
the sprays directed downward into ade¬ 


quately louvered space, thus allowing the 
removal of heat by cro.ss travel of the air. 

During the gravity flow of the water 
from the top of the tower to the basin, the 
water covers the guiding surfaces of the 
slats as shown in Figure 3. Furthermore, 
all of the structural members offer guiding 
surfaces for the establishing of water-film 
transfer area. The falling and splashing of 
the water offers some surface and stirring 
action. With a given wind supplying air 
to the louver system of a tower of given 
height with broadside exposure, a short, 
wide tower will intercept less air than will a 
long, narrow tower. Therefore, for a given 
heat load, tower height, and water flow, 
the average wet bulb of the shorter tower 
will be higher than that of the longer 
tower; and the eooling range of the water 
on the shorter tower must be at a higher 
[)osition on the thermometric scale than is 
the case for the longer tower. The eco¬ 
nomic balance between available natural 
air currents and structure size for an 
atmospheric tower dictates, to some ex¬ 
tent, the arrangement f)f the surface. How¬ 
ever, the capacity of an existing tower may 
often be increased by the addition of inter¬ 
mediate decks, properly arranged and 
proportioned;^ and by the addition of 
efficient spray chambers at the top. 

Sagging deck surfaces will not develop 
full water-film surface, and the water 
streams will be eoncentrated in a number 
of fractions of tower length, with a part of 
the air by-passing the active areas. The 
resulting effect is that jjroduced by a num¬ 
ber of small towers^ with relatively great 
width and reduced water-film surface per 
gallon cooled. Since decreased area reduces 
heat transfer and reduced air flow reduces 
driving force, the effect of sagging guiding 
surfaces of the decks is to cause the posi¬ 
tion of the cooling range to rise in the 
thermometric scale for a given heat load, 
water flow, wind, and wet bulb tempera¬ 
ture, thus giving higher water tempera¬ 
tures, higher condensing temperatures, 
and less economical plant operation. 

14. Spray or mist type water cooling 
towers operate principally with drop-sur¬ 
face exposure. Thus, if no splash decks arc 
provided within a tower louvering system, 
cooling may be accomplished by the action 
of spray nozzles spraying downward from 








21. COOLING TOWERS 


369 


,f‘SPRAY SYSTEM 



Fig. 4. Atmospheric Spray Tower Equipped 
with Louvres to Reduce Water Loss Due to Wind¬ 
age 

the top of the tower. Figure 4 shows an 
atriiospheric spray tower. The operation 
of spray towers is controlled by the char¬ 
acteristics of the nozzles. When water is 
sprayed into the air, some of the very fine 
drops are completely vaporized,“ and 
therefore contribute nothing to the cooling 
of the circulated liquid from which they are 
sprayed. The liquid within the drops is 
not subjected to mechanical stirring. Heat 
must pass from the heart of the drop to the 
film by means of convection and conduc¬ 
tion. The greatest amount of cooling oc¬ 
curs where tlic ’water enters at spraying, 
flue, somewhat, to the high conductance 
or heat transfer coefficient which accom¬ 
panies the high vclm-ity of projection 
from the nozzles. The w^alls and frame¬ 
work of the spray chamber add t») the film 
surface exposed to the air movement. 

In spray towers, some air supply is gen¬ 
erated by the aspirating action of the 
nozzles. Therefore, spray towers are le.s.s 
sensitive to variation in wind velocity than 
are splash-deck atmospheric towers. How'- 
ever, spray towers do not generally have the 
capacities of spasli-deck towers. 

Long temperature ranges and close ap¬ 
proaches to the wet bulb generally require 
splash-deck towers because of the greater 
areas that may be developed per unit of 
tower volume. Spray towers are quite satis¬ 
factory, in many cases, for air conditioning 
applications. 

15. Screen-deck mist towers*^ may be 


used where a high rate of windage loss is 
not objectionable from either the stand¬ 
point of economy or the standpoint of 
drift nuisance. This type has been used on 
refrigeration plants with refrigerating ca¬ 
pacities from 15 to 1000 tons. The tower 
is built with louvered sides and ends as in 
the construction of the atmospheric splash- 
deck tower. The decks may be i in. mesh, 
18 gage galvanized steel wire cloth 
stretched over 2X4 in. supports not over 
4 ft apart. Water may be distributed from 
a perforated flume or from a pipe sj^stem 
with low pressure nozzles through which 
the water bubbles. In either case, the 
streams fall onto a snlash board before 
contacting the sereens. The screens are 
placed at 18 in. centers vertically. Towers 
with more than 15 tle'^ks experience heavy 
drift loss at the bottom with medium 
winds. Whc\‘ the broadside wind exceeds 
10 mph, the drift loss is excessive. Since the 
water of a screen-deck tower does not ex- 
pericneo the high velocity of distribution 
of a spray tower, the effect of the wind 
velocit}’^ upon the sensitivity of tlie tower is 
more marked than in the case of a spray 
tower. 

16. Spray ponds cover a greater area 
per gallon per minute circulated than do 
spray towers. Figure 5 shows a layout for 
a basic single spray header, with the spac¬ 
ing indicated for headers added to lee¬ 
ward. A louvered fence with its top at a 
height not less than the spray height 
should be used when the distance to the 
edge of the pond area is less than 25 ft. 
The nozzles may be installed in staggered 
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Fig. 5. Spray Pond Plan 
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arrangeinents aa well as the clustered ar¬ 
rangements shown in Figure 5. Nozzles 
generally operate quite satisfactorily at a 
pressure of 7 psi. The height of the spray 
above the nozzles will then be about 7 ft, 
and the height of the spray above the 
water surface will be about 12 ft. 

Sizing of Atmospheric Cooling 
Towers and Spray Ponds 

17. Figure 6, the Basic Sizing Chart for 
Water Cooling Towers, gives relationship 
between tower size and water temperature 
for various wet bulb temperatures of air 
entering an atmospheric cooling tower. 
The sizing scale was originally computed 
for a basic atmosidieric cooling tower hav¬ 
ing decks spaced vertically at 2.5 ft; a 
basic loading, GPMb, of 1.5 gpm per sq ft; 

WET-BULB 



© E. Simons, IO4S 

Fig. 6. Basic Sizing Chart for Water 
Cooling Towers 

a broadside wind velocity of 5 mph against 
the tower with louvers inclined to the 
horizontal at an angle of 52 deg; and an 
active width of 12 ft. The relationships be¬ 
tween tlie temperature sc:Ue and the sizing 
scale were developed by a number of 
arithmetic step calculations to give the 
integrated curves. The relationships for 
other deck spacings, tower widths, basic 
loadings, wind velocities, etc., were then 
developed by field tests and bracketing 
correlation. To utilize the chart, determine 


the sizing scale values S for the tempera- 
tures on tower and off tower respectively 
at the wet bulb temperature of air entering 
the tower. Compute the difference be¬ 
tween the sizing scale values for the two 
water temperatures in question. The dif¬ 
ference, AS, is then proportional to the 
size of the atmospheric cooling tower. The 
sizing scale intercept AS is then used with 
the following tables and charts to deter¬ 
mine approximate tower sizes. 

18. Atmospheric splash-deck towers ex¬ 
posing approximately 2.7 sq ft of wetted 
surface area per deck per sq ft of active 
horizontal area of tower, with average 
louver constructions for a louver inclina¬ 
tion of 55 deg from the horizontal may be 
estimated by calculating the number of 
splash decks, using tlie equation:^ 

The factors, r and in, are determined from 
the alignment charts of Figures 7 and 8. 
Thus, for a tower width of 10 ft, CPMi, of 
1.8 gpm per sq ft, and a deck spacing of 12 
in. center to center vertically, r is 4.3 and 
m is 2.2. 
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Fig. 7.^Alignment Chart for Evaluating 
r in Equation 1 
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Fig. B. Alignment Chart for Evaluating 
m in Equation 1 
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Table 1. Values of Wind Velocity Factor 


Broadside wind 
velocity, mph 

Factor W 

0 

2.10 

1 

1.70 

2 

1.44 

3 

1.Z6 

4 

1.11 

5 

1.00 

6 

0.93 


In oases where N is known and AS is the 
unknown, the equation may be solved for 
Ai?. The value of AS, the sizing; scale inter¬ 
cept, may then be applied against the w'ct 
bulb curve in question tf) determine the 
possible terminal temperatures for the 
iiooling tower under consideration. 

The eoeflicients of heat exchange for 
free convection for surfaces into air arc 
functions of a large mindjcr of variables. 
The transfer coefficients for natural cem- 
vection^ involve the mean temperature 
[lilTercnce, dimensional characteristics of 
shape, orientation of the heated surface, 
etc. In general, the factors given for W in 
Table 1 will be satisfactory for refrigera¬ 
tion service. 


Table 2. Volumes for Atmospheric 
Spray Towers 


h 

Active width 
ft 

nr Mb 

Basic loading 
gpm/sq ft 

Volume of 
spray space 
cu ft/gpm 

6 

1.95 

5.80 

8 

1.70 

8.00 

10 

1.52 

9.60 

12 

1.38 

11.0 

14 

1.25 

12.2 

16 

1.14 

13.1 


Table 3. Values of Sizing Scale Intercept 
for Atmospheric Spray Towers 


ii AS 

Final Sizing scale 

temperature intercept 

F decks 


50 

8.2 

60 

7.6 

70 

7.1 

80 

6.7 

90 

6.4 


19. Atmospheric spray towers^® (wdth 
broadside winds of 3 to 5 mph, and with 
efficient nozzles operating at 7 psi) sized 
from Table 2 will have the values of AS 
indicated by Table 3 (30 inch barometer). 
The value of the sizing scale intercept, 
AS, may be used with the basic sizing 
chart of Figure 6 to determine the possible 
'water temperature ranges at various wet 
bulbs and terminal temperatures. 

20. Screen-deck mist towers^'^ should 
have an active tower volume of 15 cubic 
feet per gpm circulated with an active 
width of 12 ft. An average loading of 
GPMb is 1.25 gpm per sq ft; and the 
loading shoubl not exr'ccil 1.50. When a 
tower is designed with these size specifica¬ 
tions, tho value of A/S’ for a 30 inch barom¬ 
eter is given in Table 1. 

Table 4. VaUjes of Sizing Scale Intercept 
for Screen-Decked Mist Towers 


U 

Final 

temperature 

F 

AS 

Sizing scale 
intercept 
decks 

50 

9.0 

60 

8.3 

70 

7.9 

BO 

7.5 

90 

7.1 


21. Spray pond performance*'*^ may be 

estimated l)y tlie use of Table 5. The data 
are for a single lijie of nozzles witli the 
nozzles set in clusters of five, a broadside 

Table 5. Values of Sizing Scale Intercept 
for Spray Ponds with a Single Line of 
Nozzles 


Gpm perj Final temperature, ^i, F 

nozzle I-- - 


at 7 psi 

1 

6(J 

70 

SO 

90 

25 

10.2 

9.5 

9.0 

8.5 

8.1 

40 

B.3 

7.4 

6.8 

6.3 

5.9 


Avind of 5 mph against the louver spray 
fence, a barometric pressure of 30 inches 
Ilg, and floAv rates of 25 and 40 gpm per 
nozzle at 7 psi. A typical spray pond layout 
is shown in Figure 5. 

If a leeward line of nozzles is added as 
indicated by the dashed lines in Figure 4, 
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the performance may be estimated as fol¬ 
lows: 

a. With a height of spray above the 
water surface of 12 ft, each group of 
nozzles has an air supply through a 
vertical area of 144 sq ft. The air 
velocity across the louvered pond 
may be taken at 330 fpm for a broad¬ 
side wind of 5 mph; and the air su])- 
ply per nozzle cluster is therefore 
47,500 cfni. The weight of the air per 
cluster of nozzles is found by divid¬ 
ing this amount by the humid volume 
of the air in cubic feet per pound. 

b. With a given temperature fa of water 
to the spray nozzles, evaluate the 
temperature off the first line of noz¬ 
zles from Table 5, using the wet bulb 
temperature of the air entering the 
])ond through the first row of nozzles, 
and an ajiproximation of b for tlie 
seleetion of A»S’. 

c. Divide the weight of water sprayed 
per nozzle cluster by the weight of air 
flowing per nozzle cluster, and multi¬ 
ply the result by the change in tein- 
|)erature of the water as cvaluateil in 
(b). The result is the increase in the 
beat c intent of the air per pound of 
dry air, and may be evaluated either 
as enthalpy or sigma function for 
practical purposes (see psychromet- 
ric tables. Chapter 10). 

d. Add the heat content increase of (c) 
to the sigma function or enthalpy of 
saturateil air at the temperature of 
the initial wet bulb to find the sigma 
function or enthalpy of the wet bulb 
temperature of tlie air leaving the 
first row of spray nozzles. Identify 
this leaving wet bulb temperature 
from the psychrometric tables by 
lindilig the temjiei atiire of saturated 
air which eorresponds to the sigma 
function or enthalpy so calculated. 

e. With the wet bulb temperature de¬ 
termined in (d), and using the data of 
Table 5, determine the leaving water 
temperature of the second row' of 
nozzles, employing the common tem¬ 
perature of ti to enter the basic sizing 
chart. 

f. Since the nozzle lines are identical 
and fed from a common supply, the 
resultant final temperature of the 


spray pond water will be the average 
of the final temperatures of the two 
lines; and the cooling range will be 
this average temperature subtracted 
from the common temperature ^2 
which feeds the nozzles. 

Forced Convection Cooling Towers 

22. Atmospheric cooling towers are 
jirincipally depeniient upon wind currents 
for operation. In many installations, the 
forced eoiivectioii cooling tower is used, 
since it is not dependent upon wind cur¬ 
rents for air supply and is therefore inde¬ 
pendent of the wdnd variable. Forced con¬ 
vection cooling towers operate with me¬ 
chanically forced or induced draft. When 
the air is forced through the tower from 
fans at the bottom of the tower, the tower 
is said to be of the mechanical draft type. 
Wlien fans are mounted at the top of the 
tow^er and exert a suction on the tower in 
drawing the air through, the tow^r is said 
to be of the induced draft type. Figure 9 
show's an induced draft cooling tow'er in 
which the guiding surfaces for W'liter-filin 
generation are provided by a relatively 
dense filling. In the case of Figure !), air 
is drawui into the tow'er at the base througli 
the inlet. The inlet is often constructed of 
dow’iiw'ard inclined louvers; in the case of 
Figure [), an airfoil type inlet is show'n 
which reduces the air shock losses in pass- 
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ing through the inlet. After the air has 
entered horizontally through the inlets, it 
passes upward vertically over the film sur¬ 
faces generated by the filling. Before pass¬ 
ing to the fan chamberj the air must pass 
through drift eliminators which arrest 
entrained water. 

Where low pressure distribution is used 
Iroiii troughs or pipes operating under veiy 
slight head, 2 pass eliminators are satis- 
Jai’tory. Tf spray distribution is used, 3 
passes are generally advisable. The fan is 
typically a propeller type with airfoil 
Ijhules. Ill small sizes, the fan may be on a 
diiect drive mount on the motor. In inter¬ 
mediate sizes, the V-belt aiTangcincnt of 
I'igure 9 is very satisfactory. On large 
sizes, running up to 10 ft fan diameter, the 
fan is generally mounted on a gear reducer 
whicJi is ojieratcd by a right angle drive to 
ii standard motor oiitsifle the fan fence. 
ITopeller fans are used in water cooling 
towers because they move higli air quan¬ 
tities at loAV static pressures with high fan 
efficiencies. 

23. Distribution is effected by means of 
troughs, flooded deck areas, splash-impact 
systems, and spray systems. Trough sys¬ 
tems allow the gravity overflow from 
troughs for distribution or the flow^ of 
water from troughs thjough luiles and 
no Lelies. Troughs must be placed to allow 
s|)lasli which will give even ami adeipiate 
coverage to the distributing deck areas. 
Flooded deck distribution systems are 
really large, shallow tanks, the floors of 
which are perforated with holes or nozzle 
outlets. Water is allowed to flood the cuni- 
plcte active tower area, and passes through 
the bottom outlets in uniform ilistribu- 
tion. Splash-impact systems function by 
the discharge of water doAvnward from 
header pipes operating at slight pressures 
which arc great enough to require a com¬ 
plete pipe housing to maintain and gener¬ 
ate the discharge pressures; and the im¬ 
pact of the water streams on appropriate 
splash strips gives the spread to the w^ater. 
Spray systems are nozzle systems which 
may spray downward or upward in the 
spray chamber. When a spray system is 
used without tilling, the tower is known as 
a spray-filled tower, or merely as a spray 
tower. The pressure necessary to operate 
sprays must be added to the static lift of 


the distribution header to arrive at the 
total static lift for pumping computations. 

24. Air quantities in the forced convec¬ 
tion cooling towers are very much lower per 
pound of w'ater circulated than they are in 
atmospheric or free convection cooling 
tow^ers. A wind velocity of approach of fi 
mph against one foot of length of an 
atmospheric tower 12 ft wide and 30 ft high 
will pass througli ordinary louvering at ap¬ 
proximately 340 fpm; an air supply of 
10,200 cfm through the one foot of tower 
length. Ordinarily, the water loading of 
an atmospheric tower is held at from 1.0 
to 2.0 GPMb, with a go oil average value 
at L.'S. At that figure, the flow would be 
18 gpm, discarding Jieat to 10,200 cfm; 
or 150 pounds of water discarding beat to 
approximately 750 pounds of air, a ratio 
of w'ater to air of 0.20. In forced convection 
towers, hownr e*', the watnr-iiir ratios run 
from 0.75 to 1.3 pounds of water per pound 
of dry air. The forced convection cooling 
tower, therefore, operates with ilecreased 
driving forces due to the incrensed average 
wet-bull) tenii)eratures wdiich develo[) due 
to the economically restricteil flow of 
mechanically supplied air. Tlitj deficiencies 
in driving forces, in comparison with 
atmospheric towers, must be overcome by 
increased area and increased heat transfer 
coeflicients. Compact, inducefl rlraft cool¬ 
ing tow^ers, sncli as indicated in Figure !), 
provide the necessary heat transfer re¬ 
quirements, satisfactorily c.arrying waiter 
loads of from 2.0 to 0.0 GFMu. In general, 
a good balance in tower f)pcration occurs 
when the gross or face velocity of the air 
against the packing is 100 times the value 
of Gi\Mb. Thus, with a basic loading of 
4.0 GPMb, geiieially balanced design 
wall oecui wath a velocity on the gross cross 
sectional aiea of the tower A of 400 fpm. 
As velocities increase, the pressure losses 
through the packing due to tlie frictioiinl 
turbulances increase about as the ratio of 
the squares of the velocities involved. 

Design of Forced Convection 
Cooling Towers 

25. The cooling equation^-^^^ for the 
counter-flow, forced convection cooling 
tower may be written as follows: 

8.33 GPMb(t2 -h) - 2 :)m (2) 
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The conductance fd may be evaluated by 
the study of the filling arrangement and 
the formula method given in this chapter. 
The value of etc, the equivalent active area 
per cubic foot of tower, may be evaluated 
by actual coiiiputMtion of the exposed fill¬ 
ing area corrected by a coverage factor, 
plus the dynamic area effect of water fall¬ 
ing and splashing, given in this chapter. 
The chart of Tigure 6 may be used in con¬ 
junction with tile charts which follow to 
determine values of fddJI/ of Equation 
(2). With the values of fd and deter¬ 
mined, it is then possible to solve for Ilf, 
the height of filling in the tower construc¬ 
tion in question, at various values of gross 
air velocity and basic water loading. 

26. The Wet Bulb Factor Curves'"' of 
Figure 10 are used with the chart of Figure 
C for calculation of mechanical draft, forced 
convection cooling towers. As explained, 



© E. Simuns, 1!)4S 

Fig. 10. Wet Bulb Factor Curves 

the basic sizing chart was originally 
designed for atmospheric cooling towers in 
which an increase in the sizing scale inter¬ 
cept AaSi is acconiiianioil by an increase in 
tower height and therefore an increase in 
air quantity. In the mechanical draft cool¬ 
ing tower, air quantity due to wind does 
not increase as the tower height is in¬ 
creased. The sizing scale intercept A*S is 
used to enter Figure 10 at the appropriate 
wet bulb temiierature of air entering the 
cooling tower to determine the wet bulb 
factor F. This factor is then multiplied by 
AiS to obtain the sizing index I. 

27. The vahies^^ of fd^JIf at 30 in. ITg 
barometer arc obtained from Figures li 
through 15 inclusive, which cover a range 
of GPMb from 2 to 0 gpm per sq ft of 
basic area at various air rates. It is then 



© E. Simons, ID51 


Fig. 11. fjatH/ versus Sizing Index at Basic 
Loading of 2 gpm per sii ft 



© E. Simons, 1U51 


Fig. 12. fja,Ilf versus Sizing Index at Basic 
Loading of 3 gpm per sq ft 



Fig. l3.fda„Hf versus Sizing Index at Basic 
Loading at 4 gpm per sq ft 


possible to compute /// when fd and are 
known; or, oppositely, it is possible to ar¬ 
rive at the value of fda^ for a given filling 
when the height of the filling is known and 
the air rate, basic loading, water tempera¬ 
tures, and wet-bulb temperature are 
known. Also, by the use of Figures 6, 10, 
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M « Bill © E. Simons, 

Fig. 14.//tzg/// versus Sizing Index at Basic 
- ^ ^ Loading of 5 gpm per s^ ft 



© E. Simons, Ifh'il 

Fig, 15. fiiaellf versus Sizing Index at Basic 
Loading of 6 gpm per sq ft 

and 11 through 15, one may study tlie 
operation of a given cooling tower under 
varying air rates, water rates, temperature 
conditions, and wet bulb temperatures. 

28. The conductance equation may be 
estimated from the Lewis mf)dulus, the fill¬ 
ing arrangement, and data from Mc¬ 
Adams. 

The Lewis equation holds reasonably 
well for the evaporation of air into water. 
This cquation®-^^'" may be stated in the 
following form: 

fc ^JdS (3) 

McAdams®** cites Winding’s’"findings on 
staggered banks of steel tubes. A bank of 
staggered steel tubes 8 rows deep gives 
substantially the same results whether 
the tubes are circular, oval, or streamline 
in shape. The tubes in the Winding experi¬ 
ments had a perimeter of 4.7 in. McAdams 
therefore concludes that the data may be 


correlated in terms of the Iieated length"*’ 
exposed to the air streiuii. Further study 
of the data indicates that, in the case of a 
single row .)f tubes, tlie average heat 
transfer cueflicient is about 67 percent of 
the coefficient which exists in any row of a 
tube bank from tlie third row on. The 
second row has a heat transfer to air of 
about 83 percent of that of the third row. 
Therefore, when the guiding surfaces for 
the filling of a cooling tower are placed in 
a staggered arrangement similar to that of 
a staggered tube bank, the highest rate of 
heat tiansfiir may be expeeterl. When the 
perimeter of a filling slat is dividial by tt, 
the result is the diamefer of an equivalent 
circular jiipe. The dry Jicat transfer co¬ 
efficient for that [)ipc may then be com¬ 
puted by certain well established formulae. 
This procedure for the calculation [)f the 
dry conduct.'!jier lias been satisfactorily 
checked in actual installations; it is based 
upon the exjierimentally established fact 
that lieat transfer coellicients may be 
correlated on the basis of the heat transfer 
length or perimeter of a pipe fir fin in an 
air stream. iMcAdanis equatioii®^ may be 
combined with tlie Lewis modulus to ob¬ 
tain a conductance formula in terms of the 
periineter of tlie filling slat placed across 
the ail- stream. Since the water streams in 
a cooling tower move downward under 
gravity action against tlie upward air 
movement, the heat transfer coefficient 
will be higher than for a stationary sur¬ 
face. For practical cases, the value com¬ 
puted from the McAdams formula may be 
increased by 14 percent to allow for the 
effect of the moving w^ater surfaces. The 
result so obtained will approach the 
average upper limit of the values for stag¬ 
gered tubes given by McAdams.®* With 
the perimeter of the filling element in 
inches, the conductance equation is as 
follows: 


C0/j3 ^ 


1.14Xn.]33s 



(iV 

\127r/ 


(4) 


Equation (4) reduces to the simplified form 
of 


^ 0.12G /iwN"* 


(5) 
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29. Conductance in spray-filled forced 
convection cooling towers is locked to the 
equivalent area per unit volume of tower 
in the expression /rfflc. With centrifugal 
nozzles discharging downward at the rate 
of 3 gpm per nozzle under a pressure*of 
7 psi at the nozzles, an overall value (in¬ 
cluding spray and walls) of may be 
obtained from Table 6. Poor, inefficient 
nozzle action may reduce the values of 
faOg to 80 percent of the values of Table 6. 

Table 6. Values of Jaae for Forced Convection 
Spray-Filled Towers (fi = 80 F) 


Hj 

ft 


4 

2.07 

6 

1.7B 

S 

1.61 

10 

1.47 

12 

1.37 

14 

1.30 

16 

1.24 


30. The effective area per unit volume 
o-o comprises the actual him area on the 
filling surfaces plus area developed by the 
dynamic action of the water falling and 
splashing. The area of tlie filling exposed 
U) the air flow (i/ may be computed from 
the filling [)attern of the cooling tow^er. 
Wlien the area of the filling is too great for 
the water flow, the water will tend to 
channel, and the film surface will break, 
allowing unwetted filling area which is not 
active in cooling. Furthermore, with a 
given water flow over a given horizontal 
fllling arrangement, channeling and loss 
of wetting will occur as the height of the 
individual filling pieces is increased. The 
cycle modulus^ T, has offered a satisfac¬ 
tory parameter for the identification of 
the filling coverage. 

If, in a symmetrically filled***® tower, the 
water passes through a first horizontal 
section at right angles to the direction of 
flow and continues through the tow’er until 
it passes a second horizontal and parallel 
section which cuts the filling so that the 
sectional elements of the cut filling are in 
perfect alignment and typical location 
with respect to similar elements cut by the 
first section, the w/iter has passed through 
the height of one cycle. When the height 
of the cycle is z, in inches, the equation of 


the cycle modulus (an empirical param¬ 
eter) is 

12GPMb 

- ((i; 

afZ 

With the value of Cz determined from 
Equation 6, the percentage of wetted 
filling area a may be determined from 
Table 7. The dynamic splash effect per 
cycle may be determined from Table 8. 


Table 7. Percent Wetted Filling Area 
vs. Cycle Modulus 



Cycle Modulus 

a, % Wetted 

Filling Area 


0.1 

42 


0.15 

60 


0.20 

77 


0.25 

B2 


0.30 

97 


0.35 

99 


D.3B & up 

100 


Table B. Dynamic Splash Effect per Cycle 

e 

d 

Splash Height 

Splash Effect 

in. 

sq ft/gpm 

5 

0.35 

6 

0.4D 

7 

0.45 

B 

0.5D 

0 

0.55 

10 

0.59 

11 

0.64 

12 

0.6B 

15 

0.83 

IB 

0.94 


All quantities are then available to 
determine a^, the effective active tower 
area per unit volume, through the solution 
of the following equation; 

aaj 12dXGPMb 

“•=Ioo+- 

Examples of Forced Convection 
Tower Design 

31. Figure 16 is a vertical cross section 
of one of the numerous arrangements pos¬ 
sible for STPAC*®*^^ filling. The water flow 
is downward over the filling while the air 
flow is upward against the water flow. 
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From Table 7, a = 82 percent. For a spluBli 
height c of f>.75 in.. Table 8 shows an inter¬ 
polated value of ff=0.44. Therefore, o, is 
computed from Equation 7 as follows: 


82X13.7 12X0.44X3.0 

fit =-1--— 

100 10.5 

= 12.7 sq ft per cu ft 
l'’roiii Equation 5, 

0.12G /U)0X1.375y“ 

•‘^“¥72^ vuTrxT oo/ 


8.25 
0.12(1X0.00 
" ^33 


= 0.487 


(Kote: Tlif^ ratio 1.375/1.00 is the con¬ 
traction factor basetl upon (lie filling clear¬ 
ances at right angles Id llie air flow. This 
ratio, mullii)lind by the face velocitj' of 400 
fpm, is a,nux.; 

From the chart of Figure 0, using the wet 
bull) curve for 75 l'\ /S^pn=20.-1 and ^S’si) = 10.4. 
AiS =20.4-10.‘1 =10.0. The value of F from 
Figure 10 is 0.08 for SS = 10.0 at a wet bulb 
temperature of 75 F. 4'he sizing index I is 
therefore 0.08X 10.0 = !).8. Figure 12 show's 
a value of JddJI/ i>f 45 for a face velocity of 
400 fj)m anil ii value of the sizing index / t)f 
0.8. Tlie value of 11/ is then delermiiieJ as 
follows: 

.= 

fan, 12.7X0.487 


Fig. 16. SIPAC Filling 


Fxatnpls 1. With the filling anaiigement 
of Figure Hi, w'hat is the height of fdliiig rc!- 
([iiireil under the following corulitions: (1) 
temperature of w^ater fuito tower = 00 F; 

(2) temperature of w'ater off tower = 80 1'"; 

(3) w'et bulb of air entering tower = 75 F; 

(4) ba.sic loading of water, GPMb = 3.0 gpin 
per sq ft; (5) vertical face velocity against 
filling v = 400 fpm; (fi) barometric pressure 
= 30 in. Ifg; (7) F^ = 14.1 cu ft per lb dry 
air? 

Solution-. Examination of Figure 10 indi¬ 
cates that the perimeter of the fdliiig slat is 
8.25 in. The center to center spacing of slats 
is 1.375 in., W'hilc the distance from the top of 
one layer of slats to the top of the next layer 
is 5.25 in., one half the height t)f a cjcle. 
Therefore, 

8 25 12 12 

aj =—— X-X-= 13.73 sq ft per cu ft 

12 1.375 5.25 


From Equation 6, 


12X3.0 

13.73X10.5 


0.25 


Kxanvplc 2. A spray filleil cooling tow'cr 
operating with centrifugal nozzles at 7 psi 
under the conditions of rating of Taljle (i is 
to cool under the following conditinriK: fl) 
temperature of water onto tower = 83 F; (2) 
teinpcrature of water off tower = 77 F; (3) 
wet bulb of air entering tow er = 70 1'\‘ (4) 
basic loading of water, GPMij=2.0 gpin per 
sq ft; (5) vertical face velocity U})W'ard in 
spray chamber y=250 fpm; (0) barometric 
pressure =30 in. Ilg. \^4lMt is the height of 
the spray chamber requirerl? 

*S^r)fu^ion; From the lla.sii‘ Sizing Chart, 
fw'et bulb temperature = 70 F) =21.0 and 
*S ’77 = 14.5. The sizing scale intercept ^S re¬ 
quires no correction at 70 F wet bulb; and 
the sizing index / is tlierBfr)re, 21.0-14.5 
= 6.5. PTom Figure 11, /ju,///= 17.7. PTom 
Table 6, for Hj = \4 ft, /rfu, = 1.3; and 
/da,///= 18.2. Therefore, the height r)f the 
spray chamber W'ould be satisfactory at 14ft. 

(Note:—If the air velocity w'ere increased 
to 400 fpm, fdajl/ would be 14.8. From Table 
6, JdtiMf for a spray chamber 10 feet high 
w'ould be 14.7; and a height of spray cham¬ 
ber of 10 feet would be satisfactory if the air 
velocity were 400 fpm instead of 250 fpm.) 
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32. Variation in barometric pressure 

from the basif3 30 in. ITg of the design 
curves for forced convection cooling 
towers may be considereLl in sizing by the 
use of certain rapid approximations. 
Reference to Equation 5 indicates that fa 
decreases as Va increases, a condition 
wliich exists when the velocity through 
the filling is held constant wliile the 
barometric pressure is decreaserl; and tlie 
variation in fa is inversely as tlie 0.6 
power variation of Va- On the other hand, 
the variation in the driving forces of the 
sigma function between fixed tempera¬ 
tures increases inversely as a power less 
than one as the Inii-ometric pressure is 
decreased. Practically, one may consider 
that the increased driving forces of the 
sigma function at lower barf)iuetric pres¬ 
sures ofFsiit the flecreased conductances at 
lower barometric jiressures. Thercl'ore, 
one should enter the design curves of 
Figures II through 15, coirecting the 
actual air velocity liy midti|)lying by tlie 
ratio of the actinil baroimdjic |)r(3ssure to 
30 in. llg. l^or instance, with a barometiic 
pressure of 25 in. ITg use tlie curves, with 
fd computed by Equation 5 for 30 in. Ilg. 
Enter the curves, however, with a cor¬ 
rected velocity for l^guriis 11 through 15 
of (400X25)730-333 fimi. 

In the case of spray towers, the piinci- 
pal conductance value is line to the rela¬ 
tive projectile vidocities of the drops with 
respei'd to the air. Therefore, tlie juincipal 
factors at increasefl altitudes arc increased 
driving forces between given temperatures 
of water and wet bulb and decreased 
driving forces iluc to decrcasefl air mass 
rate at a given air velocity. These latter 
factors may be estimated as balancing, 
and the curves may be used without 
further adjustment. Exact calculations for 
filled towers may be made by calculation 
of the conductances and driving forces 
for the exact conditions. In those cases, 
Equation 5 should be used with Va 
evaluated for the elevation in question; 
and the driving force may be computed 


by means of the adjusted logarithmic^ 
mean applied to the actual psychrometric 
conditions of the problem. 
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22. AUTOMATIC CONTROL DEVICES AND INSTRUMENTS 


Part I. Control Devices 


IN OllUER to utilize fully any form of 
* refrigeration system, whether it be do- 
niBstic, comiTierr;ial, industrial, or air condi¬ 
tioning;, it is desirable to have automatic 
control of temperature and of the equip¬ 
ment in the system. This can bo accom¬ 
plished by means of devices that arc sensi¬ 
tive to these conditions and as a result 
thereof operate to start, stop, or re);ulate 
the source of cooling. 

Automatic controls for refrigeration can 
1)0 classified into three general types: 

A. Temperature controls 

1. Room thermostats 

2. Rernote-bulb controllers 

R. l^r css lire controllers 

0. Differential controllers 

D. Refrigerant-flow controllers. 

This chajiter will deal with these con¬ 
trollers in the above order, covering their 
construction, function, and some applica¬ 
tion factors inherent in the various di^signs. 

A. Temperature Controls 

1. Room thermostats. A room thenuo- 
sLat may be delined as a temperature-sensi¬ 
tive device which is mounted entirely 
within the space it controls. It consists of 
five basic parts: (1) element; (2) adjust¬ 
ment means; (3) switching means; (4) a 
base upon which the first three items are 
mounted; and (5) a screen or cover to pro¬ 
tect tile above parts from jihysical harm 
and frequently to make the instrument 
more appealing to the eye. Quite often a 
thermometer is mounted on the screen and 
the adjustment means includes a scale. 

Room thermostats may be classified by 
their temperature-sensitive elements. The 
earliest and perhaps the simplest element is 
made of bimetal, so named because of its 
fabrication from two dissimilar metals se¬ 
curely bonded into a duplex strip of flat 
metal. A change in temperature of the bi¬ 


metal causes the inactive metal, usually 
Invar, an alloy Inn ing a very low thermal 
expansion coeniciciit, to idiange its length 
a relatively small amount while the active 
metal, brass oi steel, ineasurahly increases 
or decreases its Icngtli, dcpi'iiiliiig upon the 
nature and amount of the temperature 
change. Since tlie two metals lire bonded 
together, a force is exerted to relieve the 
strain imposiMi by the lieat upon the bi- 
ivirtal. The clement therefore deflects until 
the force de\\hipcd by the heat ai)plied to 
the clement just bahuices the resistance to 
strain inherent in the metal. This power 
and deflection, altliougli small, is usually 
used to oi)iiratc an cl(M*tric switcli or air 
valve. 

The bimetal element of a tlu^nnostat is 
frequently “U” shMi)ed and mounted on a 
hinge attached to the thermostat base. One 
free end of tlie ehunent rides on a cam or 
lover arrarigonient Avliicli is the tempera¬ 
ture-adjustment means. The other free 
end cither carries one of the electric con¬ 
tacts or operates a small switching mech¬ 
anism. 

Fig. 1 is a scliemal ic rliagram of a simple 


ARROW INDICATES MOTION 
WHEN COOLED 



Fig. 1. Simple Room Thermostat 
(SPOT Switching) 


1379 1 




3B0 


PART III. COMPONENTS 


room thermostat having a SPDT (single- 
yjoJe-double-throw) switching mechanism. 

When a SPDT thermostat is used in a 
circuit requiring momentary closing of one 
circuit to start an operation and the open¬ 
ing of this circuit and momentary closing 
of a second circuit to stop the operation, 
the permanent magnet shown in the figure 
and its related armature are not used. If a 
SPDT thermostat is used to control sepa¬ 
rate loads, the magnet and armature are 
used to prevent contact chattering and 
H])uttering with the resultant undesirable 
rapid starting and stopping of the equip¬ 
ment. This magnet is mountcfl in the path 
of the armature and it is the air gap be¬ 
tween the two, when No. 2 contact is 
closed, that determines tlie differential of 
the unit; the smaller the air gap the larger 
the differential, anil conversely. 

A damper or valve motor is sometimes 
controlled by a thermostat of the former 
tyjje and is moved in one direction by clo¬ 
sure of one contact, in the opposite direc¬ 
tion by closure of the other contact, and 
allowed to remain at rest whenever the 
movable contact is contacting neither 
stationary contact. Such a system is fre¬ 
quently called "floating control." 

In some SPST (single-pole-single-throw) 
thermostats but one stationary eontact is 
useil and the magnet and armature are in¬ 
corporated for reasons stated above. There 
are a few thermostats used in specific cir¬ 
cuits that have no magnet and employ 
slow-moving contacts to produce very low 
differentials. These contacts are necessar¬ 
ily very limited in their load-carrying 
capacity. 

In one speciiil type of room thermostat, 
differential is introduced electrically by 
employing the start-stop-holdiiig circuit 
principle. In this thermostat two contacts 
are closed or opened sequentially, the cir¬ 
cuit requiring them both to be closed be¬ 
fore the system can start and both to be 
open before the system can stop. Such a 
thermostat gives small operating differ¬ 
ential but is also limited in its load-carry¬ 
ing ability. 

"Manual differential" is the difference in 
scale movement that is necessary to cause 
starting and stopping of the equipment be¬ 
ing controlled. "Operating differential" is 
the difference in temperature necessary to 



Fig. 2. Vapor-Filled Refrigeration 
Room Thermostat 


cause similar rivsults. In a simple thermo¬ 
stat the latter is always greater than the 
former because of the inherent lag of the 
element plus the heat capacity of the base, 
screen, and other parts. Artificial heat is 
frequently applied internally in heating 
thermostats to increase the rate of response, 
which in effect reduces the operating dif¬ 
ferential. 

A widely used element for refrigeration 
room thermostats is the vapor-filled type. 
In this type a metallic bellows is filled with 
a small quantity of a volatile liquid and the 
vapor pressure exerted on the bellows is 
used to operate electric switches or valve.s. 
Fig. 2 is a schematic diagram of a thermo¬ 
stat of this type which employs a sealed 
contact structure. 

The bellows of this instrument is evacu¬ 
ated and then filled with a small quantity 
of a liquid whose vapor pressure curve is 
within the desired temperature operating 
range. Freon, propane, ether, and other 
similar compounds are examples of fills 
used in these controls. A scale-adjusting 
spring is provided to determine the pres¬ 
sure against which the bellows must oper¬ 
ate and consequently to determine the 
temperature at which the thermostat will 
control. 

The main lever of the thermostat is piv¬ 
oted at one point, the bellows and spring 
act at two other points, and at a fourth 
point is a power takeoff for operating the 
controlling member, either by electric con¬ 
tacts or a pneumatic valve. Differential is 
usually increa.sed by means of an adjust¬ 
able degree of lost motion in the drive 
mechanism. 
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Fig. 3. Liquid-Filled Diaphragm Thermostat 


If open contacts are used, they may be 
i)f the type described under the bimetallic 
type element, excepting that the detent 
may be accomplished by means of an over- 
center action rather than a permanent 
magnet. A popular switching mechanism 
is the so-called closed or sealed contact 
wherein two electrodes are sealed in a glass 
or metal envelope and the circuit is made 
by means of a small globule of mercury that 
flows back and forth within the envelope 
as it is tilted by the thermal element. 
Either typo of contact structure can be had 
in SPST, SPDT, or special switching 
means. 

Another type of sealed switch has a small 
globule of mercury in a sump in the glass 
enclosure. Hinged above it is the other elec¬ 
trode to which a small armature is fas¬ 
tened. A permanent magnet is then oper¬ 
ated toward and away from the oiiisiile of 
the glass enclosure and consequently 
makes and breaks the circuit between the 
hinged electrode and mercury. 

In operation the scale is set at the de¬ 
sired control point. An increase in tempera¬ 
ture causes an increase in internal pressure 
which when it is sufficient overcomes the 
force of the spring and operates the main 
lever to tilt the switch, closing its contacts. 
A drop in temperature causes the converse 
to happen. 

Another very popular switching means 
for this type thermostat consists of a small 
"micro” switch having either an over- 
center snap action or a magnetic detent. 
The advantage of this switch and also the 
sealed mercury switch is their ease of re¬ 
placement following failure in the field. 
The micro switch is usually available in 
SPST or SPDT switching action. 

Generally speaking, this type of thermo¬ 


stat ma}^ handle fairly large electrical loads 
directly. Units have been manufactured 
which can handle 45 amps at 115 volts. 
Also, this type of thermostat, because of 
its greater mass and the larger motion re¬ 
quired to operate the contacts, will have a 
greater operating diffciential than the bi¬ 
metallic types. If sealed contacts are em¬ 
ployed, they will naturally reipiire no 
cleaning during their life and arc unaf¬ 
fected by moisture or other corrosive 
atmospheres. If the mercury switches are 
used, the controls must be accurately 
levelled as a small degree of tilt will throw 
the instrument off calibration or in some 
cases will cause it to short-cycle. 

A third common type of element used 
for room thermostats is a relatively new 
one, consisting of a hydraulic fill system 
wherein the expansion and contraction of a 
liquid in a closed system caused by tem¬ 
perature changes is used to operate a 
metallic diaphragm which in turn oiierates 
a switch or a valve. Fig. 3 is a schematic 
diagram of this type of thermostat. 

The element usually consists of a short 
length of small diameter tubing, one end 
of which is fastened to a diaphragm hous¬ 
ing so that the inside of the housiiig and 
the inside of the tubing arc connected. The 
diaphragm is then securely fa.stcned inside 
the housing, leaving very little space be¬ 
tween the housing and diaphragm. After 
the diaphragm is put in place, the system is 
evacuated and filled with a liquid having 
the desired characteristics and the free 
end of the tubing is sealed. A lever system 
designed to multiply the diaphragm mo¬ 
tion greatly is provided with an adjust¬ 
ment to vary the position of the diaphragm 
at which it move.s the contacts. 

Operating differential is increased by an 
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iiiJjustable spacing in the lever system. The 
available motion in this type of element is 
quite small but the force developed is large. 
Because of this last characteristic it is ab¬ 
solutely essential that the diaphragm 
housing and tubing be of sturdy construc¬ 
tion. It is also imperative that the dia¬ 
phragm be sullieiently rigid to insure its 
motion occurring at the point of contact 
between it and the push-rod, and not at 
other points in its area. Tliis last require¬ 
ment is quite often accomplished by means 
of ribbing the diaphragm radially from the 
center. These elements can often be dam¬ 
aged beyond repair by denting the tubing 
nr liousing, which causes a reduction in tlic 
internal volume of the system. 

Because of the small motion and tre¬ 
mendous force that is available, these units 
usually operate through a tremendous 
leverage before actually driving the con¬ 
tacts. In spite of the large forces developed 
by a liquid fill the actual work possible 
from it is less than with other control ele¬ 
ments, unless the bulb is made extremely 
large. This is due to the extremely small 
motion produced for a given temperature 
ehange. 

2. A remote-bulb temperature control¬ 
ler nniy be defined as a temperature-sensi¬ 
tive flevice in w'hich the element or bulb is 
placed at the point in space whose tem¬ 
perature is to be controlled and the re¬ 
mainder of the instrument is placed else¬ 
where in the space or in a separate room. 
This type of e[)ntroller consists of: (1) re¬ 
mote bulb and its capillary tubing; (2) 
case; (,1) bellows or diaphragm; (4) scale 

DIFFERENTIAL RANGE ADJ. 



Fig. 4. Remote Bulb Temperature CDiLtroller 


and differential adjustment means; and 
(5) switching or valve-actuating means. 

Here again the best division of types of 
remote-bulb temperature controls appears 
to be by types of sensitive elements. The 
most common type uses the vapor-tension 
fill whose basic operating principle has 
been earlier described. Fig. 4 is a schematic 
diagram of a controller of this type. 

Since these controllers are seldom used 
in public places or rooms where appearance 
is important^ they may be less attractive 
than the room thermostat, and have a 
more functional appearance. Methods of 
operation, types of switching means avail¬ 
able, and structural features of this unit 
arc similar to those given under room 
thermostats of the same type with two 
basic exceptions. 

First, the bellows, instead of being the 
sensitive clement and power source, as in a 
room thermostat, becomes the power 
source only. The temperature-sensitive cle¬ 
ment is in the remote bulb as within it is 
contained the active liquefied portion of 
the vapor fill. The remote bulb is connected 
to the bellows by means of flexible capil¬ 
lary tubing or by means of long rigid tub- 
i«g. 

Secondly, the differential is usually in¬ 
creased by means of a second spring wdiich 
adds additional loading to the main lever 
through a differential lever which engages 
the main lever for a portion of tlie time 
when the main lever is in position to oper¬ 
ate the switch. If adjustable differential is 
not required this meehanism is omitted 
from the instrument. 

Even with a small bulb, which permits 
good control sensitivity, the w^ork avail¬ 
able from a vapor-filled clement is greater 
than with the other types of elements, being 
limited only by the size and type of hel¬ 
lo w^s. 

Fig. 5 illustrates three eominon types of 
va])or-tension fills emjjloyed in bellows 
assemblies. On the left is a so-called fade- 
out or limited fill, wdiieh is employed for 
low’^-temperature apiilications in which the 
bulb is always at a lower temperature than 
the bellows. Because it is at a lower tem¬ 
perature, the liquid in the S 3 ^stem will al¬ 
ways exist in the bulb and nowhere else, 
and since it is the temperature of this 
liquid surface which determines the pres- 
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sure in the rest of the system, proper con¬ 
trol obtains from variations in bulb tem¬ 
perature. Such bulbs are of small size, 
relatively smaller than illustrated. 

The right-hand illustration in Fig. 5 
shows the so-called high-temperature fill 
in which the bulb is alw^ays at a higher tem¬ 
perature than the bellows. Note that in 
this diagram there is enough liquid in the 
charged system to fill the bellows and 
capillary completely and to fill the bulb 
partially. Thus even though the liquid is 
cooler in the bellows than in the bulb, there 
will always be a liquid surface in the bulb 
which controls the pressure in the rest of 
the system, and the remaining liquid 
merely becomes a hydraulic pressure trans¬ 
mitting means. Thus the bulb will always 
be the controlling point as long as it is 
warmer than the bellows. 


The center shows a common cross-ambi¬ 
ent control arrangement in which a larger 
bulb is employed, sufficiently large so that 
if the bulb is colder than the bellows the 
entire charge is contained in the bulb, and 
the bulb becomes the controlling point of 
the S 3 ’^stem. If, on the other hand, the bel¬ 
lows is colder than the bulb, it fills Avith 
liquid, as does the capillar}'^, and yet due 
to the size of the bulb it retains sufficient 
liquid to do the controlling. Thus, regard¬ 
less of whether the bellows temperature 
is above or below the bulb temperature, 
the desired control point is obtained at 
the bulb. This distinction is very imjior- 
tant in all types of work where the am¬ 
bient temperature at the bellows or capil¬ 
lary varie.‘ from above to below the set¬ 
ting at which the bulb must operate the 
control. 
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Another type of remote bulb controller 
is the liquid-filled type which in outward 
appearance can resemble the room thermo¬ 
stat with liquid-fill element earlier de¬ 
scribed. The active element, as the name 
applies, consists of a length of capillary 
tubing that extends out of the case of the 
instrument instead of being coiled up with¬ 
in it and usually terminates in an enlarged 
bulb. This element can therefore be placed 
at the position in space requiring the tem¬ 
perature control and the case can be 
mounted elsewhere, even in a separate 
room if desired. 

B. Pressure Controllers 

Pressure controls for refrigeration may 
also be classified by means of their power 
elements. There are three types now in 
general use: (1) bellows; (2) diaphragm; 
(3) bourdon tube. 

The bellows type pressure control is 
identical in construction to the remote- 
bulb temperature control except that the 
pressure connection to the power element is 
made by connections such as pipe threads 
or flare connections, or by a sliort length 
of capillary enlarged on the free end to a 
standard tube size. 

Its internal operation is also identical 
with that of the temperature controller, 
since the bellows is now subjected to re¬ 
frigerant pressure and not the pressure de¬ 
veloped by the fill. In order for the bellows 
type control to operate in the sub atmos¬ 
pheric range, it is necessary tf) incorporate 
a compression spring witliin the bellows 
housing. This spring is in addition to the 
scale adjustment spring, but its force is 
opposite to that of the latter. 

The force available for doing work in a 
control of this type is dependent first upon 
the pressure in the system and secondly 
upon the area of the bellows. If the bellows 
is large enough, a tremendous force can be 
had for operating heavy switches, water 
valves, or even refrigerant valves. In these 
heavy-duty controls the minimum differen¬ 
tial is necessarily quite large because of 
the spring rate of the bellows and opposing 
spring system. 

A second type of element in which the 
available motion is much less than the bel¬ 
lows type is the diaphragm type. Since the 
motion is very limited, large leverages are 


needed to produce motion adequate to 
operate most switches. In this type of con¬ 
trol the leverage and spring system is quite 
similar to those earlier described. It is es¬ 
sential, however, that the diaphragm be re¬ 
strained either by a backing plate or rein¬ 
forced with radial ribs in order to guaran¬ 
tee the motion occurring at the point of 
contact between diaphragm and push rod. 

The third type of element is the bour¬ 
don tube type used for many years in pres¬ 
sure gages. Fig. 6 is a schematic diagram 
of this type. 

As shown by the cross-sectional view of 
the element, it consists of a flattened tube 
rigidly held at one end and free to move 
toward or away from the free end by 
means of the scale adjustment screw. It 
is the position of the switch relative to the 
end of the bourbon tube that determines 
the scale setting. Differential can be in¬ 
creased by employing a linkage wherein 
the lost motion between bourdon tube 
movement and switch is increased. 

C. Differential Controllers 

Controllers used to maintain a given dif¬ 
ference in pressure or temperature between 
two pipe lines or spaces, are known as dif¬ 
ferential conti oilers. These controllers, 
since they must sense conditions in two 
different locations, must have two elements, 
either pressure or temperature-sensitive. 

Fig. 7 is a schematic diagram of a differ¬ 
ential-pressure controller, using bellows 
for elements. 

As shown, the two elements are rigidly 
connected by means of a rod so that mo¬ 
tion of one causes motion of the other. On 
the connecting rod is a power takeoff that 
operates contacts or valves (SPDT con¬ 
tacts are shown). A compression spring has 



Fig. 6. Bourdon Tube PreBsure Control 




22. AUTOMATIC CONTROL DEVICES AND INSTRUMENTS 


3B5 


l)eon provided to permit setting of the dif¬ 
ferential pressure at which the device oper¬ 
ates. The sum of the force developed by 
the low-pressure bellows and the scale 
spring equals the force developed by the 
high-pressure bellows at the control point. 

In discussing this type of controller, two 
terms must be defined and thoroughly un¬ 
derstood. Instrument differential is the 
difference in the pressure or temperature 
that is maintained between the high and 
low-temperature bulbs of the system. 
Operating differential is the difference in 
pressure or temperature that is necessary 
to operate the switch at the instrument 
differential that is to be maintained. Oper¬ 
ating differential can be increased by 
means of a second spring that acts in the 
same direction as the first and which takes 
effect within the operating differential of 
the instrument. A second method could be 
adjustment of the distance between collars 
Z-Z on the connecting rod; the farther 
these are apart the larger the operating 
differential. 

The foregoing discussion on differential 
controllers has dealt entirely with the pres¬ 
sure type. The temperature-sensitive type 
is made by merely replacing the pressure 
bellows with vapor tension elements, whose 
theory of operation has been earlier de¬ 
scribed. Where a constant instrument dif¬ 
ferential must be maintained throughout 
a large band of temperatures, it is usually 
necessary to use a different fill in one ele¬ 
ment than in the other if of the vapor type, 
or to use elements and drive of the liquid- 
filled type. 



Fig. 7. Differential-PreBBure Controller 
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Fig. B. Pneumatic Controllers 

A second type of differential-tempera¬ 
ture controller employs two capsules and 
capillaries connected to one bellow^s and a 
liquid fill. This is known as a constant- 
volume type fill, since the operating point 
corresponds to a constant volume of the 
two capsules, capillaries, and bellows. It 
should be noted that if the two bulbs have 
equal volume, a rise in the temperature of 
one bulb requires an equivalent fall in the 
temperature o'" the other to maintain the 
operating point. 

The foregoing discussion on controls has 
dealt entirely with those having electric 
contacts to do the actual operating of con¬ 
trolled equipment. Another very popular 
type uses a small air valve, and ]KJsitions 
dampers or valves by means of regulating 
the air pressure on the bellows or dia¬ 
phragm of the equipment being controlled. 
These are known as pneumatic controllers 
and can be classified as either one-pipe 
or two-pipe devices. Fig. 8 shows the dif¬ 
ference between these. 

In these controls compressed air at about 
15 psi pressure is used as the activating 
medium and is supplied by the main to the 
controller. In the two-pipe system, the re¬ 
strictor is built into the controller in the 
main to the nozzle, and controls the rate at 
which air is supplied to the nozzle and con¬ 
sequently the pressure in the branch line. 
If the flapper completely seals the nozzle, 
full main pressure is built up in the branch 
line, and if the nozzle is not sealed at all by 
the flapper, no pressure is built up in the 
branch line, as the air leaks out the nozzle 
faster than it can be supplied through the 
restrictor in the main. In the one-pipe sys¬ 
tem the restrictor is external and inserted 
in the main ahead of the tee that goes to 
the controller and controlled equipment. 

To understand automatic controls thor¬ 
oughly and use them intelligently, some 
knowledge of their applications, lirnita- 
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tions, and operating characteristics is es¬ 
sential. 

Effects of altitude changes. Any control 
that relies on pressure to operate a switch 
or valve is subject to variations in operat¬ 
ing point as the atmospheric pressure 
changes. Normal variations in atmospheric 
pressure do not noticeably change the oper¬ 
ating point, but a change in altitude will 
affect the control point by an amount 
governed by the change in absolute pres¬ 
sure. The greater the altitude, the lower 
will be the operating point of a conven¬ 
tional pressure or temperature control. If 
a pressure control is being considered, the 
change is directly proportional to the 
change in altitude. If a temperature con¬ 
trol is being considered, the change in cali¬ 
bration equals the change in vapor pressure 
translated to degrees temperature, at the 
scale setting being used. These characteris¬ 
tics are especially important when controls 
arc being selected for use in planes, buses, 
and trains that in normal use are sub¬ 
jected to wide variations in altitude. 

Jliinetallic and liquid elements and spe¬ 
cial bellows-typc elements using a com¬ 
pensating bellow's are not affected by 
changes in altitude, so if altitude is the only 
problem to overcome, their use for these 
applications should be considered. 

Mobile uses of controls. In discussing 
mobile applications, it must be remem¬ 
bered that there is always vibration pres¬ 
ent which will affect the operation of some 
types of controls. The types that are 
wholly unsatisfactory for mobile applica¬ 
tions are those employing mercury tubes, 
slow-moving contacts, or any that are sub¬ 
ject to leveling. There remains, then, only 
those controls that have positive contact 
action and employ mechanical or magnetic 
detents on their contacts. Generally speak¬ 
ing, the so-called micro-switches are also 
sjitisfactory for this application. 

Levelling of controls. Any control that 
employs a mercury switch is extremely sen¬ 
sitive to leveling and should be mounted so 
that the sides of the base are vertical or the 
top is absolutely level. Great care is taken 
at the factory to calibrate the instrument 
in the correct position, and in order to use 
its accuracy fully, it must be properly in¬ 
stalled. Some remote-bulb and pressure 
controllers are conveniently equipped with 


a plumb-bob to facilitate proper installa¬ 
tion. In some instances off-level installa¬ 
tion will not only upset the calibration but 
will also render the instrument completely 
inoperative. 

Effect of internal heat. All room ther¬ 
mostats employing contacts are to some de¬ 
gree affected by the electrical load being 
handled. This is because of the electrical 
resistance of the current carrying parts 
generating heat when current is flowing. 
In refrigeration thermostats, this small 
amount of heat tends to increase the oper¬ 
ating differential, a seldom desirable char¬ 
acteristic. A common name for this 
phenomenon is “contact heat.” It is prob¬ 
ably most noticeable in bimetallic-tyi)e 
controls, because the element itself fre¬ 
quently carries current and the contacts 
are usually fastened to the element. Vapor- 
tension and li(iuid-lilled thermostats are 
somewhat affected but usually to a smaller 
degree, because the heat generated by the 
load-carrying parts reaches the element 
mainly by convection and not by thermal 
conductivity. Thermostats employing 
micro-switches can be designed to mini¬ 
mize greatly the effect of contact heat by 
isolating the switch from the element with 
material having low thermal conductivity. 
As is obvious in a given thermostat, the 
contact heat increases as the square of the 
contact load in amperes and consequently 
the greater the load the greater the operat¬ 
ing differential. 

Thermostat location. Since any tempera¬ 
ture control has inherent in it some 
thermal lag, its performance is affected by 
the rate of temperature change and rate of 
fluid motion to which the element is sub¬ 
jected. The operating differential varies 
directly as the rate of temperature change 
and inversely as the rate of fluid motion 
across the element. Proper selection of ele¬ 
ment location can often minimize the effect 
of these two variables by subjecting the 
control to average and not extreme condi¬ 
tions. For example, it would probably be 
undesirable to mount a room thermostat 
where it would get the immediate full blast 
of cooled or heated air. Mounting of the 
capsule of a remote-bulb controller in a 
duct having a high air velocity will usually 
produce closer control than if it is mounted 
in a duct having a lower air velocity. In 
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some remote cases it might be desirable to 
use a small blower to circulate air over the 
element. 

Some unique designs have been mar¬ 
keted to minimize these efifects. One 
remote-bulb control has been developed 
which includes fins on the thermal bulb; 
a thermostat has been marketed which in- 
rludes a shunt type of heater to reduce 
operating iliffereiitial. The value of the 
former is questionable as the mass added 
by the fins almf)st offsets the gain made V)y 
increased element area. The latter method 
is entirely practical since it requires merel^^ 
a high-resistance heater across the switch 
contacts which generates heat when the 
unit is off. This heater merely accelerates 
the element action back to an “on” posi¬ 
tion of the contacts. The heat generated by 
the heater affects the element in the same 
manner as the increase in space 
temperature resulting from the 
equipment being inoperative. 

Explosive atmospheres. An im¬ 
portant consideration wdien se¬ 
lecting (controls for an operating 
room is the explosiveness of the 
atmosphere that is present during 
operations. So-called “sealed-in¬ 
glass” contacts are seldom consid¬ 
ered explosion-proof, and other 
methods must be used to eliminate 
any possible electric spark within 
the atmosj)here. Quite frequently 
an explosicjii-proof case can be used 
to surround the control case and contacts, 
permitting only the capsule and capillary 
to extend within the conditioned space. It 
is frequently possible to use a long capil¬ 
lary tubing and mount the instrument case 
in an explosion-free atmosphere elsewhere 
in the building. 

Cross-ambient effects. All remote ther¬ 
mal elements are to some degree affeeted 
by the teni])eraturc of the operating means, 
whether bellows or diaphragm, and by the 
temperature of the capillary that transmits 
pressure to it. The degree and type of ef¬ 
fect is dependent upon the type of fill, 
which is illustrated in Fig. 9. In the exam¬ 
ples shown it is assumed that when the 
capillary and the head of the instrument 
are at 80 F, the instrument is on scale. 

In a liquid-filled element, a decrease in 
the ambient temperature surrounding the 
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aforementioned parts creates a gradual and 
continuous increase in the actual control 
point. Increasing the ambient temperature 
will cause the converse to happen. The de¬ 
gree of this change depends on the relative 
volume of the element subject to the con¬ 
trolled and to the ambient temperature. 

In a vapor-tension fill of the cross-am¬ 
bient type, the actual control point l oiti- 
cides with the desired control point cxcejit 
for a small span near the temperature at 
which the ambient temperature and scale 
setting are equal. Within this span tfie 
differential is apt to 1)0 increased anil er¬ 
ratic operation may be e.\f»erienccd. Tins 
phenomenon is caused i^y the transfer of 
the liquid back and forth between bellows 
and ca])Siile. 

In the fadcout or liiiiited type of vapor- 
tension fill, the actual coiitroi point coin- 
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Effect of Ambient Temperature on Controllers 


cides with the desired control point as long 
as the ambient temperature surrt)unding 
the head and capillary of the instrument is 
above the capsule or bulb temperature. 
When the former falls below the latter, 
complete loss of control will result as the 
small droplet of active fill leaves the cap¬ 
sule and enters the bellows housing; actu¬ 
ally, then, the bellows becomes the temper¬ 
ature-sensitive part of the thermal system. 

Limit controls. A further and most im¬ 
portant factor to consider when selecting 
automatic controls is the type of operation 
needed, controlling or high-limit (safety). 
In the former of these, quite frequent oper¬ 
ation of the control mechanism occurs and 
any failure of the control is likely to be 
noticed before damage is done. In the latter 
the control may go for days, months, or 
possibly years without operation, and then 
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Fig. ID. Thermostatic Eipansion Valve 


because of some unsafe condition, which 
the control was installed to protect against, 
it will be required to operate immediately. 
At this time operation is a “must," or 
serious damage to equipment or even prop¬ 
erty might result. 

D. Refrigerant-Flow Controllers 

Expansion valves. One of the most im¬ 
portant control functions within the re¬ 
frigerating system is that of the admission 
of the refrigerant to the evaporator. An ex¬ 
pansion valve is normally employed for 
tliis purpose except in the very smallest 
systems. Expansion vaU^es fall into two 
general classes; (1) those which are oper¬ 
ated by changes in the level of the liquid 
refrigerant in a chamber; and (2) those 
which are actuated by changes in pressure. 
This second class of valves has many of 
the same control characteristics that exist 
in other automatic control devices and will 
therefore be discussed in some detail. 

Thermostatic expansion valves. A typi¬ 
cal thermostatic expansion valve is shown 
in Fig. 10. It consists of a valve body con¬ 
taining the valve, which is positioned by 
the diaphragm and the adjusting spring. 
The position of the diaphragm depends on 
the difference in pressure above and below 
it and the force of the adjusting spring. 
The space above the diaphragm usually 
contains the same refrigerant which is 
used in the refrigeration system, and the 
pressure therein is determined by the tem¬ 


perature of the thermal bulb which is in¬ 
serted in or strapped to the suction line of 
the evaporator being controlled. The pres¬ 
sure below the diaphragm is made the 
same as the pressure within the evaporator 
by means of the equalizer connection. 

The amount of refrigerant which a ther¬ 
mostatic expansion valve allows to enter 
the evaporator will always be such as to 
keep the difference in pressure above and 
below the diaphragm equal to the force 
exerted by the adjusting spring. Since the 
pressure within the thermal bulb can be 
greater than the pressure in the equalizer 
connection only in an amount proportional 
to the superheat of the refrigerant in the 
suction line, these valves arc sometimes 
referred to as constant superheat valves. 

The action of the valve is to fill the 
evaporator with refrigerant containing 
some portion of unevaporated liquid,except 
for the relatively small distance near the 
suction side which is required to superheat 
the gas. Thus the evaporator is operated 
at high efficiency over a large range of 
load conditions. 

For the best control with a thermostatic 
expansion valve, and the best use of the 
evaporator, the superheating region should 
be in contact with the warmest portion of 
the air or liquid being cooled. Wlierti this is 
not possible or where the difference in tem¬ 
perature between refrigerant and the air or 
liquid being cooled is extremely small, a 
separate heat exchanger can be used to 
produce the superheat to operate the valve. 

Where rapid changes in evaporator tem¬ 
perature or pressure are likely to occur 
some hunting may be experienced with 
thermostatic expansion valves. Hunting 
usually can be reduced either by slightly 
insulating the thermal bulb from close 
contact with the suction line or by the use 
of stiffer adjusting springs. 

Automatic expansion valves. The auto¬ 
matic expansion valve shown in Fig. 11 has 
its valve positioned only by changes in 
pressure in the evaporator. The pressure 
in the inlet side of the evaporator is trans¬ 
mitted through the pressure equalizer hole 
to the space below the diaphragm, and an 
increase in evaporator pressure tends to 
close the valve. The pressure under the 
diaphragm is opposed by the adjusting 
spring. The adjusting nut allows the selec- 
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tion of the evaporator operating pressure. 

The diaphragm is usually subjected to 
the same temperature that exists in the 
evaporator, and moisture from the air must 
be prevented from coming in contact with 
the diaphragm by the flexible seal cap. In 
order for the automatic expansion valve to 
operate at pressures within the vacuum 
range, it must contain a vacuum spring in 
order to close the valve against atmos¬ 
pheric pressure. 

The automatic expansion valve is used 
wherever it is desired to have a refrigera¬ 
tion system or evaporator operate at con¬ 
stant load. It should not be used where 
loads much lighter than normal might oc¬ 
cur, since this would result in too great an 
amount of liquid entering the evaporator. 



Fig. 11. Automatic Expansion Valve 


The mm-evaporatefl portion would be re¬ 
turned to the compressor as liquid and 
might damage the compressor. 


Part n. Instruments* 


section deals with instruments 
^ used for test and other measurement 
purposes. The instruments described arc 
primarily for indicating but some of them 
may also be used for recording. The sec¬ 
tion is intended to serve as a guide in the 
selection of measurement equipment. More 
complete details for the use of the instru¬ 
ments are available in the references. 

Temperature Measurement 

Table 1 shows the principal t^qios of iii- 
struineiits used for temperature measure¬ 
ment, their ajiplications, range, order of 
accuracy and limitations. Principally used 
ill the ordinary temperature range arc 
glass-stemmed thermometers, thermo- 
eouples and resistaiiee thermometers, in 
that order. 

While they are direct-reading and sim¬ 
ple to use, glass-stemmed thermometers 
are subject to corrections for initial gradua¬ 
tion, aging, pressure and depth of immer¬ 
sion. 

Thermocouples are especially well suited 
for remote reading and of a number of sta¬ 
tions. They are ideally suited for measure¬ 
ment of temperature of solids as well as of 
fluids. In a fluid circuit such as a refriger¬ 
ating system, it is possible by the attach¬ 
ment of thermocouples on the surface of 


* Thia part of ChApler 22 waa prcparDcl by C. M. Aahley. 


the pipe to determine the approximate 
temperature of the fluid within. Insulation 
of the pipe irninoves the accuracy of this 
method. In order to ilevelop their full pos¬ 
sible accuracy, thermocouiilcs shuiibl be 
used with a iiotentiometer cquipiiefl with 
a standard cell and a cold junction held at 
constant temperature (or the equivalent 
electrical coiripensatioii). They should also 
use carefully standardized and caJiljrated 
wire. They may be used with lessi^r accu¬ 
racy witli a inicroammeter and high re¬ 
sistance ill jdacc of the potentioinetcr. 

Theriiiocouples may bo useil in parallel 
to indicate the average temperature but 
it is important for this purjjose that the 
wires be carefully equalized in resistance. 
They may also be used in series for the 
same puriiose without the m*,cessity of 
equalizing resistance. They are also some¬ 
times used in series as a thennopile in or¬ 
der to increase the output voltage and to 
simplify the problem of measurement. 
Many times it is convenient to arrange 
the tliermocou])les for differential tempera¬ 
ture ineasurements in such instruments as 
a pyrhcliometcr, heat-flow meter, etc. 

Resistance thermometers are of especial 
value for remote readings of gases requir¬ 
ing a high degree of accuracy. They are 
useful where a grid of resistance wires can 
be uscfl to indicate average temperature of 
a stream. 






Table 1. Measurement of Temperature 
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Table 1. Measurement of Temperature (Concluded) 
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Radiation effects. Gas temperature read¬ 
ings may be affected by radiation from 
surrounding surfaces at different tempera¬ 
ture, particularly at high temperature 
levels. Glass-stemmed thermometers are 
particularly affected, due to the large bulb 
with correspoiidiiigly low convection trans¬ 
fer and to the high emissivity of glass. The 
use of thermocouples having a minimum 
wire size is preferred where radiation is a 
problem. The radiation effect may be min¬ 
imized by applying directly to the couple 
a coating of low-emissivity metal such as 
aluminum, silver or jilatinum. Surrouiuling 
shields of low-emissivity metal are helpful 
where the gas velocity is ;i'ijjreciable. Com¬ 
plete correction of the radiation effect may 
be obtained by: (1) using an aspirating 
tube around the coui)lc, reading tempera¬ 
ture at a scries of gas velocities and pro¬ 
jecting to inlinite velocity; (2) using a 
series of theniiocoiiples of different sizes 
and projecfirig readings to zero diameter; 
(3) using two couples of known and iliffer- 
ent emissivity; and (4) using heated 
shields. 

Sampling and averaging. Tein])erature 
is usually a point measurement, but it is 
frequently assumed r(‘i)rescntativc of the 
value over an area as on a surface or in a 
flowing stream. However, such an assump¬ 
tion is rarely safe without an exploration. 
Where good accuracy is desired in the 
measurement of average temperature as 
of a stream, it is desirable to divide the 
stream cross-section down into a number 
of equal parts and measure the tempera¬ 
ture at the center of each. Even the aver¬ 
age of these readings may not be right if 
the velocity is not also uniform. While 
this can be compensated by multiplying 
the tcinperaturc by the velocity at each 
point and averaging, the more desirable 
solution is to iind means of minimizing the 
variation. In drawing air from a room, 
the temperature variation can be mini¬ 
mized by drawing all of the air from the 
same level. In measuring temperature in a 
duct or pipe following a heat transfer ele¬ 
ment, it is desirable to use a mixer. While 
mixture may be obtained by turbulence 
alone, a method many times more effec¬ 
tive is by transposition—the stream is 
divided down into parts and the alternate 
parts passed through each other. Mixers 
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of this sort may be arranged to re-mix fluid 
having almost any type of stratification. 

Thermometer wells. Sometimes it is 
necessary to use thermometer wells in the 
measurement of fluid temperatures. The 
well should be made to fit the thermom¬ 
eter as snugly as possible and should be 
filled with a high conductivity liquid (oil, 
water or mercury if suitable) in order to cut 
conduction losses to a minimum. The well 
should be as long and thin-walled as prac¬ 
ticable. The pipe adjacent to and including 
the well should be well insulated to prevent 
temperature difference which would af¬ 
fect the accuracy of the reading. 

Effect of velocity. When thermometers 
are placed in a moving stream of fluid, the 
temperature indicated reflects a part of 
the energy of motion of the stream, usually 
in the range of (iO to 80%. At ordinary 
velocities this factor is negligible, but at 
higher velocities it becomes extremely im¬ 
portant, and under these conditions it is 
necessary to design special temperature- 
measuring instruments. 

Measurement of Relative Humidity 

Table 2 shows the principal types of in¬ 
struments used for the measurement of 
relative humidity. 

Relative hurniflity is normally measured 
by the use of a wet ami dry bulb thermom¬ 
eter, the huiniflity being indicated on a 
psychrometric chart. Good accuracy re¬ 
quires the use of velocities of 1,000 to 1,500 
fpm over the bulbs. In a room this is 
normally obtained by swinging a sling 
psychrometer by hand or better by means 
of an aspirating-type psychrometer. In a 
duct the air velocity is usually of the right 
order. If not, the reading can be taken in a 
special sampling duct which is adjusted to 
the proper velocity, or a velocity correction 
can be applied to the reading. 

The wet bulb surrounded by a wick is 
wet with water close to the wet bulb tem¬ 
perature and readings taken at frequent 
intervals until the temperature is stabil¬ 
ized. At high wet bulb depressions the 
wet bulb temperature may not be reached 
before the wick starts drying out. In this 
case the air can be measured as to tempera¬ 
ture, drawn through a heat exchanger for 
cooling, the wet and dry bulb tempera¬ 


tures measured and the original conditions 
calculated. 

Below 32 F a thin film of ice may be 
frozen directly on the bulb. Because of the 
small wet bulb depression in this region, 
great care must be taken in its measure¬ 
ment. The psychrometric chart over ice is 
to be used. 

At sub-zero temperatures, other means 
must be used. Among these are: a cell 
whose electrical conductivity varies with 
humidity; a cell containing hygroscopic 
salt which is heated electrically to indicate 
dew point; a compressed air stream ex¬ 
panded adiabatically to the fog point; and 
dew point indicators and hygrometers. 
These methods used for sub-zero tempera¬ 
tures are in general also usable in the nor¬ 
mal temperature range, and the first two 
are particularly well adapted for recording. 

Hygrometers are widely used for ap¬ 
proximate indication of relative humidity 
for temperatures u]) to over 100 F. They 
are actuated by hygroscopic elements 
(usually hair). Their accuracy tends to be 
impaired by exposure to very high and low 
relative humidities and temperatures over 
125 F. Periodic recalibration is desirable. 

Pressure Measurement 

Absolute pressure. Instruments for 
measuring absolute pressure are shown in 

Table 3. 

Very low absolute pressures (25 to 5,000 
microns of mercury) may be measured by 
means of the McLeod gage, the Pirani 
gage and electronic discharge types. In 
the McLeod gage, a known volume of 
gas is trapped and raised to a predeter¬ 
mined pressure at which its remaining vol¬ 
ume indicates the initial pressure. While 
the accuracy of measurement is good, the 
instrument is not direct-reading since it 
must be carried through a series of opera¬ 
tions to obtain the reading. Furthermore, 
it is not well suited to the measurement of 
total pressure where appreciable quantities 
of condensible vapors are present, since 
these tend to condense out during the com¬ 
pression of the gas. The Pirani gage meas¬ 
ures the thermal conductivity of the gas; 
thus the accuracy of the measurement de¬ 
pends upon the knowledge of the composi¬ 
tion of the gas whose pressure is being de- 
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Absorption and weighing Cumbersome process 
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termined. Other gages working in this 
pressure range use a discharge of electrified 
particles impinging on a screen. 

For absolute-pressure measurements in 
the range of 0.1 to 10 in. of mercury, an 
absolute-pressure manometer is a pre¬ 
ferred method of measurement. Unfortu¬ 
nately, most of these instruments are not 
readily portable. In a somewhat higher 
pressure range (0.5 to 30 in. Hg), a differ¬ 
ential mercury manometer is frequently 
used to measure gage pressure and cor¬ 
rected to absolute pressure by the use of a 
barometer. Barometers of the mercury 
manometer type are special absolute-pres¬ 
sure manometers designed for the measure¬ 
ment of atmospheric pressure. For good 
accuracy, manometers and barometers 
must be corrected for temperature. 

In refrigerating systems, the pressure of 
the high or low-side is frequently deter¬ 
mined by tlie measurement of the tempera¬ 
ture of condensing or evaporating refriger¬ 
ant. In obtaining this measurement, care 
must be taken to make certain that there 
is neither sub-cooling, superlieat or non- 
condensible gas present. 

Differential pressure. Instrurnonts for 
measuring differential pressure are shown 
in Table 4. 

Very low pressure differential can be 
measured by means of a micro-manometer. 
One form of tliis is a hook gage with 
micrometer adjustment and magnifying- 
means to increase the accuracy, distinctly 
a laboratory instrument. 

For soinewhat higher pressures in the 
range of 0 to 10 in. of water, an inclined 
draft gage, as illustrated in Fig. 12, is 
commonly used. While this instrument 
must be filled properly and leveled, it is 
generally suitable for use either in the 
laboratory or in the field, and is commonly 
used for air velocity measurements to¬ 
gether with the pitot tube. 

For higher pressure readings where good 
accuracy is required, a or well-type 
manometer is available. It is generally 
used either with water or mercury as a 
working fluid. W'hen a mercury manometer 
is used for the measurement of liquid pres¬ 
sure difference, care must be taken to see 
that the connecting lines are filled with 
liquid and correction for the liquid density 
and for temperature must be made. 


For the measurement of medium to high 
pressures, bourdon tube gages are nor¬ 
mally used. These are available in a wide 
variety of ranges and accuracy. They are 
quite subject to damage due to vibration, 
pressure pulsation or excess pressure, and 
for accurate work must be calibrated fre¬ 
quently against a standard, such as on a 
dead-weight tester. 

Velocity Measurements 

Instruments for measurement of velocity 
are shown in Table S. 

No completely satisfactory instrument is 
available for measurement of low air veloc¬ 
ity (0-100 fpin). Several types of hot-wire 
anemometers have been designed, both 
directional and non-directional. Unfortu¬ 
nately, the accuracy of many of tliesc is 
questionable in the low end of the range 
and they should, therefore, be used with 
great caution. A swinging-vane type 
anemometer is also available for use in this 
range. 

Another useful device for very low ve¬ 
locities is to time the rate of movement of a 
smoke puff, feather or piece of lint. The 
Kata thermometer uses a very large bull) 
wdiich is heated and then allowed to cool 
between two set temperatures, the rate of 
cooling in conjunction with the ambient 
temperature indicating the velocity. Un¬ 
fortunately, it is subject to several errors 
and can be considered as approximate only. 
While the above methods are well suited 
to measurement of velocities in an open 



Fig. 12. Inclined Draft Gage with 
High-Range Leg 



Table 3. Measuremeat of Absolute Pressure 
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Impact tube and sidewall or Eatremely high velocities, 120-10,000 with micromanometer 1-5% Accuracy depends upon constancy of static 

other static tap small tubes and where air di- 600-10,000 with draft gages pressure across stream section 

rection may be variable 10,000 up with manometer 
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space, some of them are not readily used in 
ductwork. 

For oljserving velocities in free air in the 
range of 100 to 1000 fpm, the swinging- 
vane type of anemometer is probably as 
satisfactory as any other. The revolving- 
vane type anemometer is also extensively 
used in this range. However, these instru¬ 
ments are subject to errors as great as 30 
to 40%, due to variations in direction and 
velocity of the air over the face of the in¬ 
strument. Also, while they are made as a 
portable instrument, they are very subject 
to damage in handling. Both types of in¬ 
struments are sometimes used for measur¬ 
ing velocities in ducts and plenums, but 
are awkward for this use since the instru¬ 
ment and the observer must be within the 
duct. Venturi-type multiplying pitot tubes 
arc also available for measurement of ve¬ 
locity in this range. These have pressure 
multiplication factors as high as 10:1. 

Fur relatively high velocities, the pitot 
tube is considered the standard instrument 
for velocity measurements. It may be used 
with a micromanometer, draft gage or "U" 
manometer, depending upon the velocity 
and the order of accuracy required. The 
order of accuracy at the low end of the 
range is poor but increases rapidly with 
velocity since the pressure varies as the 
square of the velocity. A standard form of 
pitot tube is shown in Fig. 13. A pitot tube 
is directional but is not extremely critical 
for direction. Where the static pressure of 
the stream varies with position, care must 
be used to see that the static holes arc at 
the position for which the pressure and 
velocity are desired. 

For high velocities, for use in very small 
tubes or where the direction of the air may 


be variable, velocity readings are fre¬ 
quently made using an impact tube to¬ 
gether with a sidewall tap for static pres¬ 
sure. The impact tube is customarily a 
small tube used transversely of the stream. 
It is closed at the end and with a line liole 
drilled close to its end on the upstream 
side. Static pressures may also be deter¬ 
mined by revolving the impact tube 
through 180“, the true velocity pressures 
being obtained by multiplying the diiTer- 
ential by a factor determined from ciili- 
hrating tests. Static pressure may also he 
determined by means of a Fechheimer tube 
having two holes set at an equal and ex¬ 
actly deterrnined angle to the air stream. 
This iiistrunient, which must be made very 
precisely, is also subject to variation with 
velocity. 

Volume or Flow Rate Measurement 

Means of ineaLSuring How rate arc shown 
in Table 6. 

Flow of gas and liquids in fair volume 
througli ducts or pipes are most often 
made by the measurement of the jiressure 
difference across an orifice, nozzle or Ven¬ 
turi tube. The oriiicp is more easily changed 
than are the nozzle or Venturi tube and is 
less affected by idiange of Reynolds num¬ 
ber. The nozzle is preferred to the orifice 
by many engineers, due to its relative free¬ 
dom from inllueru:e by approach condi¬ 
tions and the close aiqiroach of the nozzle 
coefficient to 1.0. The Venturi tube is in 
essence a nozzle with a recovery tail to re¬ 
duce the pressure drop. 

Standards have been established for 
orifices, nozzles and Venturi tubes covering 
the shape, surrounding conditions, location 
of pressure taps and values of discharge 
coefficient. 

Liquid flow may be measured with good 
accuracy by timing a given weight flow. 
Wdiile this method is rather generally used 
in the test laboratory for calibration of 
other methods, it is particularly useful 
where the flow rate is low or intermittent 
and where a high degree of accuracy is re¬ 
quired. A convenient direct-indicating flow 
meter for liquids is tho rotometer, which 
comprises a transparenl; tapered tube in 
which the rate of flow is indicated by the 
position assumed by a bob or plug rotated 
by the liquid. 
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11 Instrument for measuring Primarily used in installed systems Lower limit set by ac- 2-4% Accuracy depends upon uniformity of 
point velocity where no special provision for flow curacy of velocity meas- flow and completeness of traverse 

measurements have been made urement 
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For measuring total liquid or gas flow 
over a period of time, a wide variety of 
displacement meters is available. The 
Thomas meter has been used in the labora¬ 
tory for measuring of the flow rate of a 
large gas quantity with a small pressure 
drop. The gas is heated by electric heaters 
and the temperature rise is measured by 
two resistance thermometer grids. Where 
the flow of air through heating and cooling 
coils is being measured, one of the best 
check methods is through the determina¬ 
tion of the heat output or input and the 
temperature change. 

For field measurement of the air flow 
rate, a frequently used method is to make 
a velocity traverse of the duct, using for 
the purpose a pitot tube and draft gage or 
other velocity-measuring instrument. Since 
such an instrument measures the velocity 
only at a specific point in the stream and 
since the velocity usually varies from point 
to point, the accuracy of the reading will 
depend upon the number of elements into 
which the area of the duct is divided for 
determination of the velocity. Fig. 14 
shows typical points for velocity readings 
in a round and rectangular duct. The round 
duct readings are taken at the centers of 
area of equal concentric areas, whereas in 



the rectangular duct readings are taken in 
the center of equal square or slightly 
rectangular areas. Since the lower air ve¬ 
locity around the periphery of the duct is 
not measured, the air flow reading taken 
by this method is usually slightly high. In 
choosing a suitable location for such a 
traverse, it is desirable to have as long a 
straight section of duct as possible ahead 
of the traverse. Where the duct velocity 
distribution is poor, a greater number of 
readings should be taken. 

Another approximate indication of 11 ow 
measurement sometimes used for field 
readings is to take the pressure drop across 
elements having known How-pressure drop 
characteristics, such as heating and cooling 
coils, fans, etc. Such data should normally 
be used only for check purposes, however, 
because the resistances of such elements 
may differ from rating data due to the 
surrounding conditions. 
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23. COMPRESSORS 

Part I. Reciprocating Compressors 


'T^HIC compressor is one of the five essen- 
^ tial parts of the compression refriger¬ 
ation system, along with the oondenser, 
the expansion valve (or its equivalent), 
the evaporator ami the interconnecting 
piping. It is the principal moving part, 
hence knowledge of its construction and 
behavior is of fundamental importance to 
the refrigeration engineer. 

This chapter discusses the mechanical 
construction and design of reciprocating 
compressors. In the selection or design of 
a compressor, one must analyze the re¬ 
frigerating cycle as a whole. Once the re¬ 
frigerant has been ('hosen, operating tem- 
[joratures and capacity determined, other 
features of the compressor follow as a re¬ 
sult, including the required displacement, 
the operating pressures, the materials that 
can be considered for its construction and 
the power requirements. Chapter 2 treats 
of the theoretical cycle and compressor 
operating characteristics and elliciencies. 
Combined wdth this chapter, it gives a 
comprehensive discussion of the subject. 

Classification 

1. All reciprocating compressors are es¬ 
sentially alike, consisting of a reciprocating 
piston and suitable valves, yet their de¬ 
signs vary with numberless po.ssii)le com¬ 
binations of details. They may he divided 
into two main classifications covering the 
great majority of modern compressors: 

a. Single-acting enclosed 

b. Double-acting, with crosshead. 

The distinctive features of single-acting 
enclosed compressors are pistons of the 
trunk type (i.e., driven directly through a 
pin and connecting rod from the crank¬ 
shaft without piston rod or crosshcad), and 
a pressure-tight crankcase. 

2. Various combinations of the following 
design features are used; 

a. Number of cylinders—two to as many 

as 16, sometimes one. 


b. Cylinder arrangement—horizontal, ver¬ 
tical, V, W, or radial. 

c. Drive— 

1. Electric motor with rotor mounted 
on crankshaft inside of crankcase, 
no moving parts outside. 

2. One end of craiikshaft extemling 
out of cranki are sealed with park¬ 
ing or ground joint type of shaft 
seal and driven by: (a) IClectrie 
motor with roLor moiiiitod directly 
on shaft; (b) electric motor, steam 
engiiie or internal eoinhustion en- 
ginr: roupled to shaft; (e) fly¬ 
wheel on shaft belted (V-belt, 
chain, gear drive) to motor or en- 
gine. 

d. Lubrication—splash (sizes usually nut 
over 15 hj)), or force feed. 

e. Suction and discharge valve arrange¬ 
ment— 

1. Uniflow—suction valves in top of 
hollow piston, with suctinn gas en¬ 
tering through eyliiidcr walls, dis¬ 
charge valves in head (usmil design 
for ammonia compressors). 

2. Same as (1) but with suction ad¬ 
mitted through crankcase. 

3. Suction and discharge valves in 
head. 

f. Type of suction and discharge valves— 
poppet, ring plate, nr flexing. 

g. Cylinder cooling— 

1. Water jacket: (a) cylinder wall 
only; (h) cylinder wall and head. 

2. Air cooled by fins. 

3. No cooling. 

h. Head— 

1. Safety head, spring loaded, ca¬ 
pable of being lifted off scat by for¬ 
eign body or liquid. 

2. Bolted tight head. 

i. Bearings— 

1. Sleeve. 

2. Anti-friction (usually main bear¬ 
ings only). 


1403] 
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j. Capacity control, if provided—manual 
or automatic. 

1. Variable speed drive. 

2. Adjustable clearance: (a) movable 
piston in clearance cylinder; (b) 
one or more fixed-volume clear¬ 
ance pockets. 

3. Bypass from cylinder port (at ap¬ 
propriate fraction of stroke) to 
suction, preventing compression 
until covered by advancing piston. 

4. Means to hold suction valve of one 
or more cylinders open, thus put¬ 
ting them out of service. 

5. Bypass from individual cylinder 
heads to suction. 

6. Gas bleed from discharge to suc¬ 
tion. 

7. Variable stroke. 

k. Unloading or starting bypass— 

1. Bypass from discharge to suction 
with manual or automatic valve. 

2. Suction valves held open. 

l. Speed—250 to 3,600 rpm, piston speed 
usually not over 600 fpm, with 750 as 
upper limit. 

Double-acting compressors are always 
provided with a piston rod and crosshead. 
The rod works through a stuffing box in 
one of the cylinder heads so that the pack¬ 
ing is on a reciprocating rod, as compared 
to the rotating shaft of the enclosed type. 
Double-acting compressors are built in 
both horizontal and vertical types. The 
valves are mounted in the heads or cylinder 
walls near the head. 

In modern de.signs moving parts are all 
enclosed to prevent oil splash. Cylinder 
lubrication and bearing lubrication are 
separate. Cylinder lubrication may be by 
injection of oil into the suction gas, feeding 
oil through the cylinder wall, or a combina¬ 
tion of both. Other design features follow 
those enumerated under single-acting en¬ 
closed compressors. 

Design Procedure 

Before starting the design of a compres¬ 
sor the desired capacity and operating 
conditions must be known and the refrig¬ 
erant to be used must be selected. By as¬ 
suming a reasonable volumetric efficiency, 
the required swept volume is computed. 


The type of compressor, whether single 
or double-acting, high-speed or low-speed, 
and the number of cylinders, must then be 
decided upon. It is a matter of simple 
computation to select the bore, stroke and 
speed. Average piston speeds are usually 
kept around 600 fpm. 

2. Calculation of compressor swept vol¬ 
ume is carried out as follows. The nomen¬ 
clature is this— 

h, =*Enthalpy of vapor at temperature 
and pressure of compressor suction, 
Blu per lb 

/i, =’Enthalpy of liquid to expansion 
valve, Btu per lb 

M = Capacity in tons refrigeration 

V =’Specific volume of vapor at com¬ 
pressor suction, cu ft per lb 

V, = Compressor swept volume, efin 

e, = Volumetric efficiency, %/100 

200 Mv 

3. Suction and discharge valves. The 
limiting factors of speed are the valve 
area that can be accommodated and the 
gas velocities permissible without exces¬ 
sive wiredrawing losses. The actual gas 
velocities vary for different points in the 
stroke. For design purposes, gas velocity = 
bore area X average piston speed/valve 
area. The permissible gas velocity through 
the restricted area of the valve will depend 
upon the loss in volumetric efficiency and 
the excess power requirements the designer 
is willing to take. In general, with am¬ 
monia, velocities up to 12,000 fpm and 
with Freon-12, velocities up to 6,000 fpm 
result in no material loss in volumetric 
efficiency or increase in horsepower. Re¬ 
stricted valve velocities of 20,000 fpm are 
not unusual. The restricted valve area is 
not the only factor—the shape of the valve 
and adjacent ports determines the number 
of directional changes to the gas flow and 
affects the efficiency of the conversion of 
velocity head to pressure head and vice 
versa, which all affects the pressure drop 
through the valve.' 

The ideal valve would meet the follow¬ 
ing specifications: 


* The nuniBrioal valuea of the items starred ars to be 
looked up in tablss of thermodynamio propertisB of the 
rafriKerant. 
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1. Largest possible restricted area, of 
the shortest poSLsible length 

2. Straight gas flow—no directional 
changes 

3. Light weight combined with low lift, 
for quick action 

4. Minimum unbalance 

5. No harmful clearance 

6. Rugged 

7. Inexpensive 
lS. Tight seating. 

Plate valves should have not over 
0.075 in. lift. Flexing valves should have 
their lift restricted, to keep the stresses well 
below the endurance limit of the steel. 
I'^uchs, Hofmann and Schueler tested plate 
valves with water and with air, finding 
that the friction coefficient was materially 
less with low lifts than with high lifts.^ 

4. The gas pressure forces on the pis¬ 
ton for various positions, as well as the 
inertia forces, can be readily computed 
from Table 1, with the following nomen¬ 
clature: 

a = adiabatic factor 

A =area of cylinder bore, sq in 

/lc = an‘a of cylinder bore, less rod, sq in 

d = shaft diam, in, 

D =bclt whiod diam, ft 
E = energy, ft lb 
F = total force, lb 
Fi = inertia force, lb 
Fh =head end force, lb 
Fc = crank end force, lb 
Fp=net gas force, lb 
I = inertia factor 
K = tangential factor 
k = speed fluctuation, about .02 
rn = bending moment 
N =speed, rpm 
P, = suction pressure, jisia 
Pd = discharge pressure, psia 
R = crank radius, ft 
S = stress, psi 
T =tDrque, lb ft 
T, =equivalent torque, lb ft 
= wheel rim weight, lb 
W = weight of piston, rod, crosshead and 
connecting rod, lb 

The effective connecting rod weight taken 
into account under W is calculated by 
multiplying the total rod weight by the 
distance from the center of gravity to the 
crank, and dividing by the distance from 
the crank to the pin. It should be noted 


that a double-acting piston is doing work 
on only one face at a time. 

For double-acting compressors when 

P,n S Pd, Fh = AP,a and F^ *= A rP,n 
when 

Ps>Pd, FH = APdfiud 
Fr = AJ\ 

Fo = Ft, — Fr or Fg - F,. — Fh* 

For single-acting compressors when 
P.a^Pd, Fg = APAa-\) 

when 

F. =0.00034 WNUtI 
F = F„ + Fi T = FKR 

If T is pU)tted against crank angle in de¬ 
grees, a curve sue It as Pig. J results. The 
mean Ittrqui' is the area under tlte curves di- 
vided by the li i.gUi of th“ diagram. 

E = i .ii- a ii-l)-r*-d-e (express(‘d in Ih 

deg fl.)7r/ltSO 

11,744F 

For direct-connected iiioLor ajiitlicatinnH, 
the crank effort diagram and allowable eur- 
rent pulsatifiu may hi‘ sultmilted to the motor 
manufacturer. 

5 Calculation of synchronous motor 
wr^ inertia may be carried out with the 
fol 1D win g It o m eii c 1 a tii re : 

W = Rotor weight, Ih 

Pr = Synchronizing power, kw per electri¬ 
cal radian 

/ = Frequency, in cycle.s per second 

C = Coiripre.s.sor factor from Table 2 
pf = Power factor 
bp = Horsepower 
e = Motor efficiency 

0.740 b)) 

Motor input, kva =--— 

E Xpf 

/% = 1.7 Xmotor input kva (at 100% pf) 

— 2.0Xmotor input, kva (at K0% pf) 

1.34/VC 

iN/imp 

r = Rotor radius of gyration, ft 

5. The maximum crankshaft stress must 
be evaluated treating the shaft a.s a beam in 

* Note that on suciinn stroke Fh »= AP* and «■ AbP«- 
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lorslDD. For each piston there will be a force 
A', as determined in Par. 4, acting in line 
with the stroke. The bending moment on the 
shaft is determined in both the vertical and 
horizontal plane from the various forces, the 
belt pull, wheel weight, etc. The two mo¬ 
ments are then combined: 

m — 

The torque is then detiurniiied at the point 
where m is a maximum: 




Sharp corners should be avoided in crank¬ 
shafts to minimize stress concentrations. The 
stress should be kept well below the endur¬ 
ance limit of the sViaft material. A factor of 
safety of not less than 3, based on the en¬ 
durance limit, is suggested. 

Since shaft failures are usually due to 


Table 1. Constants for Constructing Crank Effort Diagrams 


Crank 

angle 

Piston 

position 

Inertia 

factor 

I 

Tangential 

factor 

K 

Adiabatic 

factor, 

ammonia 

a 

Adiabatic 

factor, 

F-12 

a 

0 

.0000 

1.200 

0 

1 

1 

ID 

.0091 

1.173 

.2079 

1.012 

1.01 

20 

.0360 

1.093 

.4065 

1.049 

1.042 

30 

.0796 

.966 

.5870 

1.114 

1.111 

40 

.1317 

.801 

.7421 

1.201 

1.173 

50 

.2081 

.608 

.8657 

1.354 

1.302 

60 

.2878 

.400 

.9540 

1.534 

1.445 

70 

.3735 

.189 

1.0052 

1.837 

1.696 

00 

.4622 

- .014 

1.0199 

2.24 

2.016 

90 

.5505 

-.200 

1.000 

2.829 

2.469 

100 

.6358 

- .361 

.9500 

3.718 

3.131 

no 

.7151 

— .495 

.8743 

5.357 

4.132 

120 

.7878 

-.600 

.7781 

7.503 

5.765 

130 

.8509 

-.677 

.6664 

11.87 

8.589 

140 

.9038 

-.731 

.5435 

20.98 

14.09 

150 

.9455 

-.766 

.4130 



160 

.9757 

-.786 

.2776 



170 

.9939 

- .797 

.1394 



ISO 

1.0000 

- .800 

.0000 



190 

.9939 

.797 

.1394 

l.DOB 

1.007 

200 

.9757 

.786 

.2776 

1.032 

1.028 

210 

.9455 

.766 

.4130 

1.076 

1.066 

220 

.9038 

.731 

.5435 

1.141 

1.121 

230 

.8509 

.677 

.6664 

1.234 

1.200 

240 

.7878 

.600 

.7781 

1.363 

1.309 

250 

.7151 

.495 

.8743 

1.546 

1.461 

260 

.6358 

.361 

.9500 

1.802 

1.668 

270 

.5505 

.200 

1.000 

2.173 

1.963 

2BD 

.4622 

.014 

1.0199 

2.727 

2.392 

290 

.3735 

- .189 

1.0052 

3.598 

3.043 

300 

.2878 

— .400 

.9540 

5.049 

4. DBS 

310 

.2081 

— .608 

.8657 

7.696 

5.893 

320 

.1317 

— .801 

.7421 

13.95 

9.882 

330 

.0796 

- .966 

.5870 

26.84 

17.46 

340 

.0360 

— 1.093 

.4065 



350 

.0091 

-1.173 

.2079 




Crank nnKlea from beginning of stroke towards crankshaft; rod length/crank radius x-S; y for ammonia—1.3, 
7 for Freon-12 —1.13. 
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CRANK angle DEGREES 


Fig. 1. Crank Effect Diagram for Z-Cylinder, 
Vertical s.a. Compressor 


fatigutj, it is suggested to design on the basis 
of the maximum shear theory. In most com¬ 
pressor designs, assuming the torque ns con¬ 
stant at the average value and assuniing the 
maximum bending momeiil, as reversed in- 
troduees no significant error. For this coiidi- 
tion Mark’s Handbook gives the I'ollowing 
equation for the shaft diameter; 



Where /'\= factor of safety (usually 2 to 3) 
/L=stress concentration factor in 
bending which depends upon the 
relation of the fillet to the height 
of the shoulder as well as upon 


the notch sensitivity of the ma¬ 
terial. With liberal fillets K 
should not exceed 2.5. 
=endurance limit of the material 
in reversed bending. 

*S^=yield stress in tension. 

Higher speeds, the elimination of massive 
foundations, and a more critical public com¬ 
bine to makef balancing of crankshafts 
necessary. Mathematical treatment of this 
subject can be found in texts on the subject 
of vibration. (Also see Aldinger and Ni‘u- 
bauer. Refrig. Eng., Feb. 1941.) 

Shafts have in general been made of forged 
steel. Some designs call for hardened bearing 
surfaces to reduce wear. Alk y cast iron such 
as Meelianite or Gunile is being iixteiisively 
used for tliis purpose. It is generally lower in 
cost than forgings. It has low'er notch sensi¬ 
tivity and supiuior da.npiiig qualities. The 
material has excellent wear le.sistance in 
journals but must be highly imlished to avoid 
scratching of the bcarings. 

7. Bearings. Wristpin bushings arc of 
broil/e or cast iron, witli prossurns up U) 
1500 psi. The wristpins tlnunselves ;ire 
case-hardened steel. Crankpin and main 
bearings are generally white-rnetal alloys, 
although anti-friction bearings are also 
useil. On enclosed compressors, thrust 
bearings must be provideil to counteract 
the force (lue to crankcase jiressure acting 


Table 2. Compression Factors for Case in Design-^ * 


Applioation Description 

number 

Pulsation, % 

66 40 20 

A. 2-i;yl vertical double-acting with ISO” cranks for air. 

Freon, or ammonia. 

Full load: Both cylinders working normally, 
i load: Suction valves lifted on head of one cylinder. 

^ load: Suction valves lifted on two crank enrl.s, 
head ends working normally, 
i iocid; Suction valves lifted on 2 crank ends and 
one head end. 

No load: All suction valves lifted. 

23.0 30.0 

B. 2-cyl vertical douVde-acting with 180“ cranks fur air, 

Freon, or ammonia. 

Full load: Both cylinders working normally. 

^ load: Suction valves lifted on two crank ends, 
head ends working normally. 

No ^ or \ load. 

24.0 

G. 2-cyl vertical single-acting with f-load operation by 

opening 60% bypass on one cylinder for Freon or 
ammonia. 

14.5 20.0 28.0 
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on the shaft area at the stuffing box. Table 
3 gives data on white bearing metals. Prac¬ 
tice goes considerably below the values 
given. In enclosed machines, crankpin pres¬ 
sures are generally held below 600 and 
main bearing pressures below 500 psi of 
projected area. The trend is away from 
bearing adjustments and toward precision 
bearings which require no fitting or scrap¬ 
ing. Older practice usually made main 
bearings 2 to times the diameter with 
bearing pressures of about 250 psi. Shorter 
bearings of length not much greater than 
diameter will carry higher unit loads. 

The parts of the cylinders and crank¬ 
case are cast of dense high-strength iron, 
and are carefully tested under hydro¬ 
static and air pressure. Pistons are given a 
diametral clearance of about 0.001 in. per 
in. of diameter with modiheations for 
piston material. For high-speed precision- 
built compressors, the diametrical clear¬ 
ance is further modified for temperature 
variation of the piston, i.e., greater clear¬ 


ance at the top skirt than the bottom 
skirt. The crankcase or frame supports 
the shaft bearings and carries the cylin¬ 
ders. It should be checked for stiffness 
to prevent weaving. Cylinders and crank¬ 
case should be hydrostatically tested to 
two times working pressure and tested 
with air under water to one and a half 
times working pressure. 

8. Shaft packing. Ammonia compres¬ 
sors are easy to pack, and various soft as 
well as metallic shaft packings are con¬ 
sidered adequate. Freon-12, however, is 
very difficult to hold, and shaft seals which 
depend upon a ground seal joint had to be 
developed. The bellows type is limited to 
shafts about 2j in. in diameter and smaller, 
as it is difficult to secure flexibility of the 
bellows in large sizes. Some of the other 
seals can be built for large shafts. The 
shaft seal, born of necessity for rreon-12 
compressors, is now displacing conven¬ 
tional packings on ammonia compressors. 

9. Lubrication. Large compressors are 


Table 3. Field of Usefulness for Various Bearing Metals^ 


DeBcription of 
bearing metal 

Maximum Minimum 
permissible permissi- 
unit ble 

pressure Zn/Pmitx 

Maximum 

V 

Oil 

reservoir 
temp, F 

Minimum 

crank¬ 

shaft 

hardness 

Affected by 
corrosion? 

Tin Base BaUlntt 

Copper < 3.50% 

Antimony 7.50% 

Tin 89.00% 

Lead (max) 0.25% 

1,000 

20 35.000 235 

Standard quality bearings 

Not 

important 

No 

Tin Baac Bahhitt 

Same composition 
as above 

1,500 

15 42,500 235 

Alpha process quality bearings 

Not 

important 

No 

High Lead Babbitt 

Tin 5 to 7% 

Antimony 9 to 11% 
Lead 82 to 86% 

Copper (mai) 0.25% 

1,800 

10 

40,000 

225 

Not 

important 

No 

Cadmium-SUver 

Silver 0.75% 

Copper 0.50% 

Cadmium 98.75% 

Over 1,800 
and up to 
3,5 do 

3.75 

90,000 and 
upwards 

260 

250 

Brin ell 

Not likely if tempera¬ 
ture is maintained as 
- specified and proper 
lubricating oil is used 

Copper-Lead 

Copper 60% 

Lead 40% 

Over 1,800 

3.75 

90,000 and 
upwards 

260 

300 

Brinell 


Z — Absolute visCDsity of the lubricating oil in centipoiBBS. Data by Albert B. WiVIi, Federal MogvA Corporation. 
n—Revolutiona per minute. 

^nu — Maximum load in psi of projected area. 

V —Rubbing Bpeed, [pa. 
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Fig. 2 (Left) and Fig. 3 (Right). Crank 
Case Oil Equalizing 


today all provided with force-feed lubri¬ 
cation; small ones are splash lubricated. 
The dividing line is usually at about 15 hp. 
Oil pumps are of the positive displacement 
type, driven from the crankshaft. Some 
designs place the pump on the end of the 
shaft; others submerge it below the oil 
level. Oil circulating systems are provided 
with filters. 

Enclosed compressors pump some oil. 
With Freon-12 and methyl chloride the 
quantity pumped is quite large; it is there¬ 
fore necessary that it be returned to the 
crankcase automatically. With a number 
of compressors in parallel, the returned oil 


must be properly apportioned between the 
machines. Figs. 2 to 5 illustrate various 
methods of apportioning the oil. 

Fig. 2 shows the simplest kind of crank¬ 
case oil equalizing system. Line a connects 
the top of the crankcases to equalize the 
pressures, and line b connects the bottoms 
of the crankcases. The oil should have a 
common level in the two machines. This 
method is unreliable. A pressure difference 
of 0.02 psi between the two machines will 
cause difference in level of about 1 in. Even 
on the large compressors, a fluctuation of 
only a few inches is permissible. The very 
close pressure equalization is difficult to 
maintain. Fig. 3 shows a modification of 
Fig. 2 in that the line b is now at or 
above the normal oil level. The oil cannot 
all be forced out of one crankcase through 
the equalizing connection as only an ex¬ 
cess above lire b can get acro.ss. If, how¬ 
ever, the oil is pumped out of the crank¬ 
case at the higher pressure, oil cannot 



Fig. 5 
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flow from the other against that pressure, 
so this system is not absolutely reliable. 

Fig. 4 is a modification of Fig. 3 in that 
a double-seating check valve prevents flow 
through the oil equalizing line when a ma¬ 
terial pressure difference exists between 
machines. Fig. 5 has equalizing connections 
as in Fig. 3. In addition, the lubricating 
pump discharges are cross-connected so 
that if one pump ceases to function due to 
oil level failure, the pump from the other 
compressor supplies oil to the coinpressor 
whose pump has failed. The electrically 
operated check valves prevent oil from be¬ 
ing pumped into a compressor not operat¬ 
ing. Fig. 6 shows a central reservoir for 
collecting return oil, and level control 
means to feed oil to the various crankcases. 

Starting 

10. Ammonia, Freon-12, and methyl 
chloride compressors that are to start 
under load are driven by motors having 
about 225% starting torque. Ammonia 
compressors, provided with starting by¬ 
passes having not more than 20,000 fpm 
gas velocity at full speed, are successfully 
started by synchronous motors having 
40% starting and 40% pull-in torque. 

Freon-12 compressors when unloaded 
require from 40 to 00% starting and 50 
to 75% pull-in torque. Tests on a two- 
cylimler single-acting compressor, 7f-in. 
bore X 5-in. stroke, equalized at 90 psig at 
the start with a 2^-in. bypass, required 
55 11j ft starting torque, 52 lb ft at 400 
rpin, and 00 at 450 rj)m, whereas witli a 
IJ-iii. bypass the values were 55, 80, and 
97. 

11. The foundation should extend down 
to a good solid footing. It may serve to 
keej) various elements, such as bearings, 
ill line, and has the added function, by 
virtue of its mass, of keeping the ampli¬ 
tude of vibrations small. The heavier the 
foundation, tlie smoother will be the opera¬ 
tion of the compressor. The vibrational 
forces are a function of the unbalanced 
masses and the speed. The size of founda¬ 
tion needed, therefore, depends upon the 
degree of unbalance. Well-balanced ma¬ 
chines can he operated without even being 
fastened to the floor and with almost no 
perceptible motion. Only on recently de¬ 



veloped high-speed compressors has there 
been any attempt at balancing. Fig. 7 gives 
an average value of concrete foundation 
volumes for enclosed ammonia compressors 
ranging from 3 X 3-in. to 12 X 12-in. at 
speeds of from 500 rpm for the 3 X 3-in. to 
300 rpm for the 12 X 12-in. These founda¬ 
tions are for machines without balance 
weights. 

To avoid transmitting vibrations, foun¬ 
dations should not be tied into building 
or column footings. To absorb vibrations, 
machinery may be mounted on cork, rub¬ 
ber, etc., or on springs. For machines 
having considerable unbalaiice, better re¬ 
sults will be obtained by mounting the 
machine on a heavy foundation and carry¬ 
ing the foundation on a resilient mounting. 



TWO CYLINDER COMPRESSOR BORE B 5TR0RE. INCHES 


Fig. 7. Foundation Siza 
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PURGING LiNE> 


FROM SUPPLY TANK 
FILL-UP VALVE ~ 
EXPANSION VALV 



REDUCTION VALVE 

TO carburetor 


FROM CONDENSER 


TO compressor 

tr' 


. .L BULB GOVERNS FiLL-UP VALVE 

' COLD SUCTION LINE PASSING THROUGH TUBULAR RECEIVER 


Fig. B. Propane Unit Equipment 


One such mounting can be made by pour¬ 
ing the foundation concrete into a pit lined 
with corkboard. 

Resilient mountings should liave a nat¬ 
ural frequency much slower than the fre¬ 
quency of the disturbing force (the vi¬ 
brational forces of the machine). The ratio 
of disturbing force to natural frequency 
of the mounting should be at least 1.41, 
and preferably 4 or more. 

Natural frequency of the resilient sup¬ 
port, in cycles per minute = IlS 8(1 
where Sj is the static deflection, in inches.® 
This represents free motion without damp¬ 
ing, such as would result from a spring 
rubbing in its guide. Damping minimizes 
the bad elTect of operating close to natural 
frequency and somewhat reduces the iso¬ 
lation efficiency for larger frequency ratios. 
It may be noted when bringing machines 
mounted on vibration isolation up to 
speed, they will shake violently in passing 
through a certain speed range. Tliat is 
when the impressed vibrations are close 
to the natural frequency of the support. 

The suction and discharge pressures, or 
unloading, have no effect on the machine 
vibration (except the vibration caused by 
the speed fluctuation of the rotating 
masses), because the gas pressure forces 
are balanced out, within the machine. The 
pressure on the piston imposes a force 
through the rod to the shaft and bearings 
into the machine frame. This force is bal¬ 
anced by one of like magnitude on the 
cylinder head, which is carried back to the 
frame through the cylinder walls. Unbal¬ 
anced moving parts are the principal 
cause of vibration. 

The completed design of a compressor 


is a summation of compromises. Valve 
area may be sacrificed to keep the clear¬ 
ance within practical limits, the cylinder 
block design is modified to simplify clean¬ 
ing, the crankcase is made bigger to give 
a larger oil reservoir, piping is changed 
to improve appearance, and weaknesses 
shown on test must he corrected. The 
finished result is more than likely the com¬ 
posite product of the best minds of the 
manufacturer’s staff in its effort to provide 
the best efficiency, reliability and appear¬ 
ance in a compact form, to sell at a reason¬ 
able price. If there were one proved best 
possible compressor others would not be 
built. 

On vertical single-acting machines the 
clearance between tlie piston and cylinder 
head is ordinarily held at about 1/32 in. 
on all sizes above 4-iii. stroke. On a 1 J-in. 
stroke machine the clearance may be as 
little as -OK) in. Horizontal double-acting 
machines may be set with a little greater 
rdearance. These values may have to be 
modified where the design is such as to give 
unusually great rod expansion under oper¬ 
ating temperatures. The clearance should 
be held as close as practical and yet avoid 
the possibility of striking the head under 
any operating condition. 

Propane Unit 

12. A special application of the refriger¬ 
ation principle in unison with the use of the 
refrigerant as a motor fuel has been de¬ 
veloped by Schlumbohm, using propane.* 


* U. S. Paienifl 1,935,74!); 2,DB2,S50; 2,195,387-388-389. 
There are foreiKn pateDta in more than 14 Dountnea. 
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The cycle is called transitory as the refrig¬ 
erant passes through the evaporator only 
on its way to being used in the driving 
motor, along lines indicated in Fig. B. 
Propane makes both an excellent fuel and 
refrigerant. 

The carburetor of the engine is connected 
to the condenser side of the refrigeration 
circuit. Fueling the engine with condenser 
gaa has the advantage of purging the con¬ 
denser of non-condensible gases. The con¬ 
denser is open and connected by the purg¬ 
ing line with the carburetor of the propane 
combustion engine. This purging line is 
characterized by an ascending tube branch¬ 
ing off from the condenser receiver and 
equipped with baffles to retain oil. There 
is also a pressure reduction valve, and a 
fuel regulator, which opens only in re¬ 
sponse to the vacuum of the engine- 
intake and which shuts off, if the engine 
stops. 

The low-side is connected with a propane 
bottle by the fdl-up line, which is controlled 
by two valves; a shut-off valve, which is 
kept open only if the generator supplies 
the current and closes if the motor stops, 
and the "fill-up valve/' designed to control 
the level of liquid in the receiver and to 
respond to presence of liquid propane at 
that level. A spray line begins at that 
chosen level and ends in a secondary evap¬ 
orator with a very small opening, through 
which a spray of liquid propane will ex¬ 
pand into the secondary evaporator and 
will produce a cold effect if there is liquid 


propane at that level. If this is not the 
case, the spray will run dry and no cold 
effect will be produced. This cold effect 
and its cessation are utilized to close or to 
open respectively the fill-up valve. This 
valve is a standard expansion valve with 
the one side of the diaphragm exposed 
to the evaporator pressure, while the other 
side is exposed to the pressure of the ther¬ 
mal bulb. The bulb in turn is cooler! by the 
secondary evaporator if there is sufficient 
liquid propane in the receiver. The fill-uf) 
valve is kept closed by this cooling effect. 
Consequently, lack of liquid propane in the 
receiver will open the fdl-up valve, so that 
the compressor may take in vapors from 
the propane bottle until the level in the re¬ 
ceiver is filled up by the fresh condensate, 
which then delivers the spray to produce 
the cold effect and to close the fdl-up valve. 
A pint of propane is sufficient to circulati; 
in a unit of 1.5 ton capacity. 
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Part II. Centrifugal Compressors 


1. The centrifugal refrigeration cycle. 

The centrifugal refrigeration machine, as 
commercially available in standard sizes, 
consists of a centrifugal compressor, hori¬ 
zontal shell-and-tube condenser, hori¬ 
zontal shell-and-tubc evaporator (water or 
brine cooler), all interconnected with a 
high-pressure refrigerant flow control valve 
or other similar means of regulating the 
flow of refrigerant from the condenser to 
the evaporator. They arc complete unit 
refrigerating machines arranged for direct 
drive to either a steam turbine or through 


speed increasing gears to motor, gas engine 
or Diesel drives. The refrigeration cycle is 
the compression cycle with the exception 
that interstage liquid cooling is incorpo¬ 
rated as standard with the machines, and is 
simply accomplished by flashing liquid 
refrigerant at condensing temperature to 
one or more of the intermediate stages, 
thereby subcooling the liquid before it is 
supplied to the evaporator. Single-stage 
cooling is common to most water cooling 
units, and one- or two-stage cooling may 
be applied for low-temperature work. 
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2. The compressor. Centrifugal com¬ 
pressors are similar in many characteristics 
in design and construction to centrifugal 
pumps. Erosion or wear does not occur at 
points of clearance of the impeller and the 
casing labyrinth as in the centrifugal 
pumps. No valves, piston rings, or cylinder 
walls are required as in the reciprocating 
compressors. Efficiency of the centrifugal 
compressor is sustained for the life of the 
equipment. There are no practical pressure 
limits for the centrifugal compressor, ex¬ 
cept the limitation of mechanical design 
and volume flow. The pressure produced 
depends on the peripheral speed of the 
wheel, the density of the refrigerant han¬ 
dled, and the number of wheels. It is essen¬ 
tial that the centrifugal compressor run at 
high speeds to compress relatively light 
fluids such as a gaseous refrigerant as com¬ 
pared with a centrifugal liquid pump. The 
maximum peripheral speed of the com¬ 
pressor is fixed by the mechanical strength 
of the materials and the sonic speed found 
in the refrigerant. Centrifugal compressors 
are essentially for heavy-duty work, con¬ 
tinuous operation and where requirements 
are for large horsepower. The centrifugal 
compressor is inherently a constant-pres¬ 
sure machiiio, designed to give capacity 
variations and operates with little or no 
vibration. 

Table 4 illustrates an important feature 
of the centrifugal. Its partial load per¬ 
formance is exceptionally good, which is 
unusual for machinery in general. 


Direct shaft connection is made through 
a suitable coupling. Speed increasing gears 
are utilized with electric motors and en¬ 
gines. Constant speed motors, syncro- 
nous or induction, may be combined with 
magnetic or hydraulic slip coupling for 
variation of compressor speed, either 
manually or automatically controlled. 

3. Refrigerants. Normally, refrigerants 
in the centrifugal compressor have high 
molecular weights; however, centrifugal 
compressors have employed the following 
refrigerants ("Carrene No. 2” (Freon-ll) 
is a common refrigerant used because of its 
low pressure and high cycle efficiency): 

Ammonia (Nils) 

Dielene (CH,C1) 

“Carrene No. 1“ (Cll^Ch) 

“Carrene No. 2“ (CClaF) 
rreDn-12 (CChFa) 

Freon-113 (CsCl.F,) 
laobntane (CiHio) 

Freoii-114 (CClFi) 

Methyl chloride (CllaCl) 

Etliyleiie (Calid 
Butane (C^IIid) 

Propane (CaHio) 

Sulfur dioxide (SOa) 

Water vapor (HaO) 

4. Performance. Centrifugal refrigerat¬ 
ing compressors have been built with effi¬ 
ciencies of well over S()%, but most com¬ 
mercial refrigerating compressors of today 
operate with efliciencies of between 70 and 
80%. Centrifugal refrigerating compres¬ 
sors used for water cooling for industrial 


Table 4. Performance of Centrifugal Refrigerating Machines Applied 
to Varying Industrial Loads 


Load 

% 

100 

90 

BO 

70 

60 

50 

’'‘Temperature heed 

% 

100 

96 

92 

B8 

B4 

B1 

Speed 

% 

100 

94 

90 

BB 

B6 

B4 

Bhp 

% 

100 

BO 

6B 

59 

49 

41 

Bhp/ton 

% 

100 

B9 

B5 

B4 

B2 

82 

Kw input 

% 

100 

B6 

76 

67 

57 

49 

Kw input/ton 

7v 

100 

95 

95 

95 

96 

9B 


* Leaving chilled water and entering condenser water temperatures are constant; gpm of chilled water and con¬ 
denser water are alao constant. 
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purposes or water cooling for air condi¬ 
tioning applications usually consist of two 
stages using two single-inlet impeller de¬ 
signs, although some are designed for three- 
stage operation with three angle-inlet im¬ 
pellers for this type of application. Tem¬ 
perature of chilled water leaving the evap¬ 
orator is as low as 34 F, and these machines 
are capable of operating with good effi¬ 
ciencies to high condensing temperatures; 
thus the dilTerential between evaporating 
temperature of 25 F (for 34 F water) and 
110 F condensing temperature (ordinarily 
obtained with as high as 95 F entering con¬ 
denser water) is 85 degrees. This differ¬ 
ential of 85 degrees has no particular signifi¬ 
cance other than to give an indication of 
the temperature lift at ordinary levels. 
The ratio of compression, however, for 
Frcon-11 (CClaF) between these limits is 
exuresBcd as follows: 


P 2 at 110 F =28.09 psia 
Pi at 25 F = 4.92 psia 
28.09 ^ ^ 

\/5.7 = 2.40 per wheel 
(approx) for two 
wheels. 


For normal water cooling to 45 F (35 F 
evaporating tern])) leaving chilled water 
temperature, and with 100 F condensing 
temperature obtained with 85 F entering 
condenser water the compression ratios 
are: 

Pi at 100 F =23.60 psia 
Pi at 35 F = 6.26 psia 


Pi 23.6 
Pi“ 6.26 


3.8 or V3.8=1..95 
(approx) per 
wheel for two 
wheels 



Fig. 9. Centrifugal Compreasor 






23. COMPRESSORS 


415 



I CAPACITY 


Fig. 10. Performance of Centrifugal Compressor at Constant Speed 
and Fixed Condensing Temperature 


Fig. 10 showy typiciil performance curves 
for a centrifugal compressor operating at 
constant speed and condensing tempera¬ 
ture. 

Figs. 11 and 12 show performance char¬ 
acteristics of centrifugal machines with 
difTertnt refrigerants and are plotted 
against varying condensing temperatures. 
It will be noted that there is an appreciable 
drop in efficiency and capacity as the con¬ 
densing temperature increases. This effect 
can be utilized to govern a machine for 
reducing capacity, as it is only necessary 
to raise the condenser pressure; this can 
easily be done by decreasing the quantity 
of water flow through the condenser. 

Table 7 indicates typical capacities and 
sizes of the machines of one manufacturer. 
The capacity in this table is expressed in 
tons in the three left-hand columns; it will 


be noted how much tlie eaiJMcity increases 
in terms of higher suction temp(;raturcs. 

5. Control. Ordinary safety ilevices con¬ 
sisting of a safety relief valve or valves on 
the condenser or evaporator arc required, 
along with an oil-pressure failure switch 
for lubrication failure, high-pressure cut¬ 
out, low-temperature water or brine cutout 
thermostat, and sometimes low-liquor 
refrigerant temperature thermostat cutout. 
The operation of the refrigerating com¬ 
pressor to balance with the refrigeration 
load is not difficult nor critical, and can be 
accomjdished by means of manually vary¬ 
ing the quantity of gas entering the im¬ 
peller of the compressor by siiction-dami)er 
control or by variable inlet guide vanes. 
With either motor drive using a wound- 
rotor motor or with a turbine, variable 
speed can be accomplished. For the electric 
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Table 5. Typical Performance of Turbine with a Centrifugal Compressor 


Type turbine 

Inlet pressure, 
psig 

Superheat, 
deg F 

Exhaust 

pressure 

Steam con¬ 
sumption in 
Ib/bhp-hr 

Condensing (high-pressure) 

600 

300 

4 in. Hg abs 

B-10 


400 

150 

4 in. Hg abs 

10-12 


250 

100 

4 in. Hg abs 

11-13 

Condensing (low-presBure) 

1 

0 

4 in. Hg abs 

2B-32 

Non-condensing 

600 

300 

25 psig 

20-22 


400 

150 

25 psig 

27-29 


250 

100 

25 psig 

34-36 


drive a sufficient number of steps of resist¬ 
ance to reduce the speed approximately 
25%, from full-load to no-load rating, is 
used. With turbine drive an infinite num¬ 
ber of speed ranges can be obtained auto¬ 
matically or manually as desired, by regu¬ 
lating flow of steam by the turbine throttle 
valve. The centrifugal compressor, like all 
centrifugal pumping apparatus, can be 
throttled in capacity simply by increasing 
the head, which in the refrigeration cycle 


is accomplished by regulation of condenser 
water quantity. The regulation of con¬ 
denser water to increase the head may be 
accomplished by means of a thermostat 
located in the brine or in the liquid refriger¬ 
ant; this was one of the earliest types of 
capacity control for the centrifugal ma¬ 
chine. Although suitable capacity regula¬ 
tion can be obtained by this means, it is 
more economical from a power and opera¬ 
tion cost standpoint to employ speed regu- 



Fig. 11. Cycle Efficiencies for Different RefriKerents under 
Varying Condensing Temperatures 
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Table 6. Characteristics of Common Refrigerants 


At 5 F Bst Bvapora- 
tion 1011 B6 F Bst 
CDnlsnsiiiK 

U 

s; 

ifl ♦* 

“1 

^ § 

® s. 

O n 

Gage pressure corre- 
sponding to sat cond 

Specific volume of vapor 
at aat evap 

Latent heat of 
evaporation 

Liquid circulation, 
lb /min ton 

a 

u 

B 

u 

u 

h 

H 

Refrigerating effect, 

Btu/lb 

It'S 

a"S g 
<351“ 

Theoretical hp/ton 

Coefficient of performance 
200 

Theoretical hp X42,4 

Efficiency % Carnot cycle 

Ammonim 

19.6 

154.5 

8.15 

565.0 1 

0.42 

3.44 

474.4 

4.93 

.989 

4.77 

B3.2 

Freon-lZ 

11.B 

93.2 

1 .49 

69.47 

3.92 

5.82 

51.1 

4.07 

1.007 

4.69 

B1.6 

Methyl chloride 

6.46 

BO.00 

4.47 

180.70 

1.33 

5.95 

150.25 

4.48 

.963 

4.90 

B5.4 

Freon-IH 

16.14 

21.99 

4.221 

61.98 

4.64 

19.60 

43.10 

5.42 

1.233 

3.B3 

66.6 

Carbon dioxide 

317.S 

102B.3 

0.266 

117.5 1 

3.53 

0.94 

56.7 

3.14 

>1.B4 

2.56 

44.6 

CarrecD No. 1 









1 




(Methylene 

Z7.5S' 

8.35' 

49.90 

162.10 

1.49 

74.5 

134.1 

B.59 

i .965 

4.89 

B5.2 

chloride) 

Vac 

Vac 







1 




Carrene No. 2 

23.95' 

3.5B 

12.27 

84.00 

2.96 

36.4 

67.5 

6.24 

.936 

5.04 

B7.B 

(Freon-l1) 

Vac 












Propane without 













economizer 

26.9B 

141.5 

2.52 

171.35 

1.625 

4.1 

123. 

3.75 

1.03 

4.59 

BO.O 

Butane without 













economizer 

— 

26.9 

9.98 

169.5 

1.622 

16.2 

123.5 

5.09 

.082 

4.81 

B4.D 

Carnot cycle 

— 

— 

— 

— 


— 

— 

— 

.B2Z 

5.74 

100.0 

At 40F sat evapora¬ 













tion and IQO F sat 













condensing 













Ammonia 

5B.6 

197.2 

3.97 

536.2 

0.43 

1.70 

467. B 

2.80 

.649 

7.28 

B7.3 

Freon-lZ 

36.9B 

116.9 

0.792 

65.7 

3.88 

3.70 

51.6 

2.54 

.667 

7.07 

B4.9 

Freon-l14 

0.52 

31.69 

1.982 

58.86 

4.47 

8.86 

44.67 

3.04 

.878 

5.04 

64.7 

Carrene No. 2 

15.61' 

B.90 

5.45 

81.2 

2.90 

15.8 

6B.B 

3.36 

.625 

7.55 

90.9 

(Freon-11) 

Vac 












Water 

29.75' 

28.07' 

2444.0 

1068.B 

0.198 482.0 

1008.9 

7.78 

.665 

1 7.OB 

B5.D 


Vac 

Vac 











"Carbon dioxide 

553.1 

1054.7 

0.1444 

95.0 

5.04 

0.727 

39.7 

1.BB5 

.867 

5.45 

52.0 

Propane without 













economizer 

63.10 

174.0 

1.33 

159.6 

1.63 

2.17 

122.4 

2.4D5 

.678 

6.98 

83.B 

Butane without 













economizer 

3.0 

37.5 

4.88 

163.5 

1.563 

7.64 

IZB.O 

2.95 

.687 

6.B9 

BZ.B 

Carnot cycle 

— 

— 

— 

— 

— 

1 - 

— 

— 

.566 

8.34 

100.0 


* For Bat ovaporation at 40 F and sat condcnHing nt critical point =87.8 F. 


Table 7. Typical Capacity, in Tons, of Centrifugal Machines at Varying 
Suction Temperatures and Representative Sizes 

(ConditiuiLS 60 F condensing water, S fps water velocity in cooler and condenser) 


Tons at 

Com¬ 

pressor 

wheels 

Length 

Width 

Height 

CompreBBor 

head 

room 

Approximate 
shipping 
weight in 
pounds 
without drive 

35 F 

40 F 

45 F 

130 

145 

153 

2 

u'e" 

ry 

6'4’' 

o'z' 

17,5BO 

145 

163 

171 

2 

14'6*' 

ry 

6^4'' 

6'2'' 

17,900 

160 

17B 

IBS 

2 

14'6*' 

ry 

6'4'^ 


18,950 

Z20 

245 

260 

2 

u'e*' 

wy 

6'9» 

ry 

23,600 

246 

274 

290 

2 

14'8'' 

yy 

6'11'' 

7'0 

24,200 

272 

300 

320 

2 

14'9 

9'2 

7'3'' 

T'O" 

25,600 

290 

324 

340 

2 

14'9'' 

9'2"' 

7'8'' 

fy 

25,600 

376 

420 

440 

2 

14'10' 

10'9^ 

B'l" 

wy 

34,400 

420 

465 

495 

2 

M'lO' 

10'9' 

B'5' 

wy 

35,800 

460 

515 

545 

2 

IS'O'^ 

ll'O' 

B'9'' 


38,400 

500 

555 

590 

2 

IS'O*" 

ll'O* 

g/gir 

wv 

38,400 

640 

710 

750 

2 

15'B' 

IZ'B' 

9'B' 

lO'fi" 

55,900 

710 

790 

B40 

2 

15'B'' 

13'0' 

lO'O*' 

10'9'' 

57,400 

7B0 

B70 

925 

2 

15'9' 

14'0' 

lO'l' 

lO'O" 

67,000 

925 

1000 

1120 

2 

15'9' 

14'0' 

lo'r 

10'9' 

67,000 
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Fig. 12. Cycle Efficiencies for Different Refrigerants Under 
Varying Condensing Temperatures 


hition or rci^ulfition of siittion gfis by 
means of suetiuii damper control or inlet 
guide vanes or a cornbination of both. 

IJasieally a centrifugal macliine prop¬ 
erly designed does not require extensive 
control to be capable of varying with the 
refrigerating load. This is aecoiiiplished in 
tlie design of tlic impeller and results in a 
flat characteristic curve for a wide varia¬ 
tion in capacity. With this flat character¬ 
istic a small change in speed over the entire 
range of capacity, say from 25% to more 
than 100%, will have little effect in chang¬ 
ing the.ratio of compression, and therefore 
only minor modifications in speed or by 
suction damper control are necessary for 
most economical and stable operation. 

As the capacity loading of a centrifugal 
compressor is reduced, a point is finally 
reached, usually somewhere below 50% of 
basic selection, where surging occurs. 
Tliis is a natural characteristic of all centrif¬ 
ugal compressors whether compressing 
refrigerant vapors, gases or air. The surge 
point, which may be instantly noted by a 
change in noise level or hum of the ma¬ 


chine, is caused by the compressor remov¬ 
ing refrigerant vapor from tlie evaporator 
at a rate in excess of its formation in the 
evaporator. The flow of gas momentarily 
stops and reverses as the compressor 
reaches the limit point, and this results 
in a change of noise level. No appreciable 
hiss of economy and no untoward effects 
on the inechanical function of the machine 
are caused by this surging. The point of 
surging can be lowered by suction damper 
control, and in severe cases of a low-load 
condition, usually less than 15%, a bypass 
can be installed to eliminate surging, but 
only with some loss in efficiency, and with 
somewhat higher horsepower per ton re¬ 
quired at the reduced load. 

6. Ammonia condensing cycle. The 
complete centrifugal refrigerating unit, 
consisting of compressor, condenser, evap¬ 
orator and drive, has been successfully ap¬ 
plied to industrial refrigeration not only 
for cooling of standard brines, such as cal¬ 
cium chloride and sodium chloride, but for 
all refrigerated solutions. Within the last 
15 years, the application of the centrifugal 
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CHECK VALVE PUMP DISCHARGE PUMP RELIEF BY PASS 

Fig. 13. Ammonia Condensing Cycle Using Centrifugal 
and Reciorocating Compressors 


unit has been broarionc'd to inrluile the 
condensiiiK cycle for the condensinK of 
various vapors such as chlorine, hydrocar¬ 
bon gases, but more especially ammonia 

(see Fig. 13). 

In 1934 the first application of the cen¬ 
trifugal unit for ammonia condensing was 
made with success, a design which allowed 
the cross connecting of a centrifugal re¬ 
frigerating machine with standard am¬ 
monia compression cycles. The merits of 
the centrifugal machine were thus realized 
in those plants using ammonia as the re¬ 
frigerant and having extensive ammonia 
piping systems. 

The ammonia suction line is connected 
to the evaporator or cooler of the centrif¬ 
ugal unit in a manner identical to that 
used in connecting it to a reciprocating 
machine. The ammonia vapor passes 
through the evaporator tubes, and con¬ 
denses to liquid by means of heat transfer 
rather than by compression and heat trans¬ 


fer, as is the case in the standard ammonia 
condenser. The liquifl is taken off at the 
several passes in tlie cooler and drained in¬ 
to a conventional receiver, the only dif¬ 
ference being that the ammonia is at low 
pressure and temperature as established 
by the refrigerating plant requirements. 
It is obvious that some [lilTerential in tem¬ 
perature between the refrigerant evaporat¬ 
ing in the cooler and in the liipiid ammonia 
must exist, and coolers are rlesigned for ap¬ 
proximately 7.5° to 10[lifferential for this 
purpose. 

The advantage of this type of ammonia 
refrigerating system is the elimination of 
flash gas in the ammoniji cycle, with subse¬ 
quent increa.se of efficiency of ammonia 
pipe coils when comparerl to dry expansion 
or unit eooh^rs or other evaporators in the 
plant itsidf. The lubricating oil ordinarily 
circulated through the evaporators in a 
reciprocating cycle is completely elimi¬ 
nated in this type of system, and not of least 
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importance is the safety feature of having 
the ammonia at low pressure and circu¬ 
lated through the system by means of a 
conventional centrifugal pump. Ammonia 
circulating pumps require a 5 to 15-hp 
motor for supplying approximately 200 to 
500 tons refrigerating capacity of ammonia 
liquid. 
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cuiideiiser in u refrigeiiiLing system 
* converts to liquid form the gas de¬ 
livered by the compressor, thereby remov¬ 
ing the heat of compression and the latent 
heat of vaporization to provide for a con¬ 
tinuous supply of liquid refrigerant for 
expansion in the evaporator. 

The common forms of condensers used 
at the present time may be classified as 
follows: shell-aml-tube, double-pipe, at¬ 
mospheric and the evaporative type. IMii- 
cipal attention in this chapter is givxn to 
condensers as applied in industrial sys¬ 
tems. Domestic and commercial-typo con¬ 
densers are also mentioned briefly. In 
larger installations the shell-and-tube de¬ 
sign, built in either vertical open type or 
horizontal closed type, is more prominent. 
The horizontal type is exclusively multi¬ 
pass with closed water heads. In the verti¬ 
cal type water flow is by gravity with in¬ 
dividual distributors for each vertical tube, 
thus assuring proper water distribution to 
each tube. 

The type of condenser varies with the 
size of installation and operating condi¬ 
tions. Shell-and-tube condensers have been 
replacing the double-pipe or atmospheric 
type for industrial applications. Evapora¬ 
tive condensers (Chapter 25) have a wide 
range of apjili cation, where water is 
scarce or expensive. For commercial re¬ 
frigeration applications, the shell-and- 
tube, shell-and-coil and double-pipe types 
are generally used. Domestic and'small 
commercial refrigerating machines use air¬ 
cooled condensers which are generally 
limited to 3 hp condensing unit sizes. 

Heat Removed 

1. The heat in Btu per min removed in 
the condenser for each ton of refrigeration 
(200 Btu per min) produced in the evapo¬ 
rator, may be estimated for various re¬ 
frigerants from Fig. 1 for ammonia, Fig. 2 
for FrBon-12 and Fig. 2A for Freon-22. The 


values shown arc based on saturated vapor 
at the compressor inlet and adiabatic com¬ 
pression. 

The amount of condensing water re¬ 
quired in pounds per minute may bo t al- 
culated by dividing the total heat removed 
per minute in the condenser by the product 
of the specific heat of water and the tem¬ 
perature rise. To convei t pounds of water 
to gallons, divide by S.33. 

Example; Ammonia conileiisiiig iciuj)erM- 
turc = 100 F; suction tcinjuMaliiie = 13 F; 
initial teiiipijinture of coiiileiiHing water, 
b=85 F; and final Iciiijjcrature, rji = !)0 F. 
The quantity of comlcnsiiig water requireil, 
gpin per ton of refrigerating cuiiacity, is 


H X1 ton 


where II =247 Utu per min taken from curve, 
Fig. 1; hence 

247X1 ton 


8.33(90 -85) 


= 5.9 gpm per ion 


Vertical Open Shell-and-Tube 
Ammonia Condenser 

2. The characteristics of lliis type of 
condenser are: (a) large condenser ca¬ 
pacity may be installed in small floor 
space; (b) complete installation cost is 



Fig. 1. Btu per Minute Removsil in Ammonia 
Condenser Per Ton of Refrigerating Effect Oc¬ 
curring in Evaporator 
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Fig. 2. Btu prr Minute Removed 
in Freon-lZ Condenser per Ton of 
Refrigerating Effect Occurring in 
Evaporator 


Inw; (n) water distribution is simplified; 

(d) binding diflioulties are eliminated; 

(e) large space is available in the rondenscr 
for storing litpiid ammonia; (f) it is adapt- 
aljlo to simple purging eoiineetions; (g) 
tubes may be easily cleaned without shut¬ 
ting down; (h) condensed ammonia flows 
down the tubes and is quickly carried 
away from the heat-transmitting surfaces 
while still keeping them wet; (i) condenser 
can be made to carry large overloads by 
increasing the quantity of water circulated 
througli the tubes, at the same time avoid¬ 
ing a heavy increase in friction head; (j) 
condenser is afhiptable to any location, 
inside or outside of buildings, but inside 


installations have a tendency to “steam" 
in winter; and (k) it can be used effec¬ 
tively with condensing water from a cool¬ 
ing tower or spray pond. 

The laboratory data available on shell- 
aiid-tube condensers are by Kratz, Mac- 
intire and GouhP'^ on n 20-in. condenser 
with 30 2-in. tubes of varied length. 
Heat transfer coefficients ran from 150 to 
350 as the water varied up to 2.5 gpm 
per tube. Raising the level of the liquid, 
and thus making the area smaller, in¬ 
creased the unit transfer of heat through 
the condenser surface. 

In computing transmittance, values may 
be based upon logarithmic or arithmetic 


Fig. ZA. Btu per Minute Re¬ 
moved in FrBDn-22 Condenser 
per Ton of Refrigerating Effect 
Occurring in Evaporator 
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Fig. 3. Heat Transfer Co¬ 
efficient for Vertical Shell- 
and-Tube Ammonia Con¬ 
densers 



WATER FLOW BPM PER TUBE 


temperature cliflfereuces and upon internal 
or external area. The exact basis used to 
arrived at a U value is stated here if men¬ 
tioned in the original source. 

In Fig. 3, the 2-in. tube curve is pre¬ 
sented from the data of Zumbro^ obtained 
in tests of a vertical shell-and-tube con¬ 
denser. Ophuls and Ilorne^ gave the re¬ 
sults of a certain test made on a vertical 
shell-and-tube condenser, 10 ft long, hav¬ 
ing 2^-in. tubes, also in Fig, 3. 

Kratz et al call attention to the fact 
that in their tests, the coefficient of heat 
transfer at constant water rates was found 
to decrease with increasing values of the 
mean temperature difference between the 
condensing ammonia and the water in the 
tubes of the shell-and-tube condenser. 

The data given in curves and tables by 
Sloan and Panlener in Fig. 4 estimate the 
performance of vertical ammonia shell- 
and-tube condensers. In actual practice 
they give very close agreement to the data 
obtained in the field after the condensers 
have been in service for some length of 
time, and thus lend themselves to con¬ 
venient practical use. 

The construction of a typical verti¬ 
cal ammonia shell-and-tube condenser is 
shown in Fig. 5. It is built in sizes varying 
from 16 to 60 in. in diameter and in heights 
ranging from 10 to 16 ft, with 14 ft a 
recommended normal height. As a rule 
the seamless steel tubes are 2-in. OD No. 
11 B.W.G. average wall thickness. The 
top of each tube is fitted with a water 


distributor made of cast iron, brass, plas¬ 
tic, glass or porcelain to give the water a 
swirling motion as it enters the tube. 

Example: Riuiuircd, the surface in a 10-ft ver¬ 
tical uminoiiia DDiidcnser liiivini; 13!) tuna capacity 
at 10 psi auction and 175 pai condeusinK presaure, 
when uaine 3 Kpm per tube at 75 I' water temper¬ 
ature. Take 13!) Iona X 7.20 si| ft per ton X 1.05 
X .803 = 1)10 vSi.i ft i>f surfiiiui. Tljis riMpiires a shell 
having 10!) 2-in. OD tubes, 10 ft long, using 
327 gpin of coiulenaing water. Tnblea umler I'ig. 4 
permit correction due tr) varying tui)e lengths, 
galloiia per mimite water per tube and suction 
pressurca. 

Table 1 gives approximately the number 
of 2-in. tubes which might be placed in 
various shell diameters. 

Numerous variations of the vertical 
tube principle have been worked out in 
ammonia condenser practice. The con¬ 
denser shell may be made of standard pipe 
in the smaller size.s and fusion welded shells 
in the larger. The tube sheets, usually 1 


Table 1. Condenser Tubes per Shell* 


Shell 
diam, in. 

No. of 
Z-in. tubes 

Shell 
diam, in. 

No. of 
Z-in. tubes 

16 

Z1 

38 

144 

ZO 

33 

4Z 

191 

Z4 

51 

45 

Z20 

Z9 

76 

48 

244 

30 

B5 

50 

Z91 

34 

115 

54 

330 

36 

13Z 

60 

395 


• The number nf tubm in each eholl variee with indi¬ 
vidual designe and may vary up to 20% above those 
shown hers. 
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to li-in. thick, are welded to the shell. 
One or more grooves are machined in the 
drilled and reamed tube hole in the tube 
sheet. Tubes with ground or polished ends 
are then inserted through their respective 
tube sheet holes and rolled into the grooves 
to form a gas-tight joint. This same pro¬ 
cedure is followed on horizontal shell-and- 
tube ammonia condensers. 

Fig. 4A shows typical values of leaving 
terminal difference (temperature corre¬ 
sponding to ammonia pressure minus 



Fig. 4. Typical Rating Curves for Vertical Shell-and- 
Tube Ammonia Condensers 


KPni 

Surfnee Correctiem Multiplier 

per tube 

12-rt 

14-ft 

16-ft 

0.50 

3.48;i 

3.636 

3.752 

1.00 

1.014 

2.045 

2.149 

1.50 

1.353 

1.460 

1.648 

2.00 

1.053 

1.142 

1.216 

2.38 

.021 

1.000 

1.068 

2.50 

.S06 

.041 

1.006 

2.67 

.816 

.88.0 

.951 

3.00 

.738 

.806 

.863 

3.50 

.657 

.720 

.774 

4.00 

.605 

.666 

.719 


Suction 

MuUi- 

Buotion 

Multi- 

pressure 

plier 

preaaure 

plier 

0 

1.12 

25 

O.BB 

5 

1.08 

30 

0.97 

10 

1.05 

40 

0.95 

20 

1.00 

60 

0.93 


leaving water temperature) as a function 
of water flow in gpm per tube for loadings 
from 5 to 18 sq ft of external tube surface 
per ton and for condensing water quanti¬ 
ties from 1 to 5 gpm per ton. The values 
are for commercially clean 2-in. OD steel 
tubes with a nominal length of 14 ft, and 
are based on a condenser free of non¬ 
condensible gases. The rise in the con¬ 
densing water temperature is considered 
28 gal deg per min per ton and the removal 
of heat from the ammonia vapor as 250 
Btu per min per ton. 

Condenser selection. As an example, 
assume that 60 tons of refrigeration are 
required in the evaporator, and that there 
are available 240 gpm of 80 F condensing 
water. The water quantity is then 4 gpm 
per ton, which fixes the degree rise at 28 
gal deg per min per ton, divided by 4 
gpm per ton, or 7 F, and the leaving water 
temperature at 87 F. Fig. 4A shows that 4 
gpm per ton at a loading of 10 sq ft per ton 
would give a leaving terminal difference of 
approximately 5 F, and that the water flow 
would be about 2.94 gpm per tube. As the 
decrease in terminal difference would prob¬ 
ably not warrant an increase in surface, 
giving a condensing pressure correspond¬ 
ing to 93.5 F, or 176.4 psig. 

Horizontal Closed Shell-Euid-Tube 
Ammonia Condenser 

3. The horizontal shell-and-tube am¬ 
monia condenser offers the following fea¬ 
tures; (a) large condenser surface may be 
installed in comparatively small floor 
space; (b) total installed cost is low', al¬ 
though not so low as the vertical con¬ 
denser; (c) it is adaptable to any location 
in the building or engine room; (d) w'ater 
piping connections arc relatively simple; 

(e) it must be shut down to remove scale; 

(f) it can be overloaded but only with a 
heavy increase in w'ater friction; (g) it can 
be arranged in batteries for multiple in¬ 
stallation, being mounted either side by 
side or one above the other. 

This type of condenser is the standard 
in many fields of industrial application, 
especially where location of other types is 
difficult on account of architectural limi¬ 
tations. 

Horizontal condensers are built in sizes 
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Fig. 4A. Performance of Ammonia Condensers Vertical Open Shell-and-Tube Type for Commercially 
Clean 2" OD Steel Tubes, 14' Long Condenser Free of Non-Condenaible Gbbbb' 


varying from 8f in. to 60 in. in diameter 
and in lengths varying from 9 to 18 ft in 
condensers 16 in. and under, and 12 to IS 
ft in those larger than 16 in.^ Seamless steel 
tubes are usually IJ-in. OD or IJ-in. 
OD No. 13 BWG average wall thick¬ 
ness, or 2-in. OD No. 11 BWG average 
wall thickness. 

Figs. 7A and 7B illustrate a method of 
rating horizontal ammonia condensers with 
IJ-in. and 2-in. OD tubes. The lower two 
quadrants of Fig. 8A for IJ-in. OD steel 
tubes and Fig. 8B for 2-in. OD steel tubes 
show typical values of leaving terminal 
difference (temperature corresponding to 
ammonia pressure minus leaving water 


temperature) as a function of length of 
travel (tube length times number of 
passes), water quantity, and loading 
(square feet of external tube surface per 
ton). The curves of the lower left-hand 
quadrant form a complete picture of heat 
transfer at a loading of 8 sq ft per ton, the 
curves of the lower right-hand quadrant 
offering a correction for other loadings. The 
values arc for cominercially-clean tubes in 
a condenser free of non-condensible gases 
and are baaed on a temperature rise in the 
condensing water of 30 gal deg per min per 
ton and on a removal of heat from the 
ammonia vapor of 250 Btu per min per 
ton.^ 
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Fig. 5. Construction of Typical Shell-and- 
Tube Condenser 

The condensing temperature is the sum 
of the entering water temperature, the 
degree rise, and tlie leaving terminal differ¬ 
ence. It is, therefore, determined by the 
selection of a water quantity, length of 
travel, and loading that will give a rela¬ 
tively low condensing teinperatiire at a 
reasonable pressure drop. As the terminal 
differences in the accompanying curves 
are based on a condenser free of non¬ 
condensible gases, it is recommended that, 
for the usual installation, an allowance 
of 1.5 r be added to the leaving terminal 
difference for non-condensibles. In re¬ 
frigerating systems operating below at¬ 
mospheric pressure, or where unusually 
high percentages of non-condensible gases 
are present, this allowance should be 
increased accordingly. 

The upper two quadrants show 
values of pressure drop as a function 
of length of travel, water quantity, 
and loading. The right-hand quadrant 
need be used only for values of loading 
other than 8 sq ft per ton. Values in 
Fig. 7A are based on IJ-in. OD steel 
tubes with an average wall thickness 
of 13 BWG and a nominal tube length 
of 14 ft; and Fig. 7B on 2-in. OD 
steel tubes with an average wall thick¬ 
ness of 11 BWG and a nominal tube 
length of 16 ft. Pressure loss in the 


water heads is based on Fig. C-5 of the 
1939 edition of the Condenser Section, 
Standards of Heat Exchange Institute, 
and can be adjusted for other tube lengths 
if desired. 

As an example, assume that 75 tons of 
refrigeration arc required in the evapora¬ 
tor, that the entering water temperature is 
80 F, and that the water costs are quite 
reasonable and the power costs average. 
For 2-in. tubes (see Fig. 7B), with 5 gpm 
per ton, the leaving terminal difference 
(lower left-hand quadrant) is reasonable 
at a length of travel of 128 ft. For a 128- 
ft length of travel, the terminal difference 
would be 5.3 F at 8 sq ft per ton and 4.5 F 
(lower right-hand quadrant) for 10 sq ft 
per ton. The resulting pressure drop for a 
128-ft length and 5 gpm per ton would be 
10.9 psi at 8 sq ft per ton (upper left-hand 
quadrant) and 7.5 psi at 10 sq ft per ton 
(upper right-hand quadrant) for a 16-ft 
condenser. Selecting the lower pressure 
drop, the condenser would require about 
750 sq ft of external tube surface and would 
have a leaving terminal difference of ap¬ 
proximately 4.5 F plus 1.5 F for non¬ 
condensible gases, or G.O F. The condensing 
temperature would equal the sum of the 
entering water temperature, the degree 
rise (30 gal deg per min per ton divided by 
gpm per ton), and the leaving terminal 
difference, or 80 F plus 6 F plus 6 F, or 
92 F. This corresponds to a coiideiising 
pressure of 172 psig. 

Although the optimum selection depends 
upon the conditions of each installation, 
the prevailing power and water rates, and, 
frequently, the quantity of water available, 
Fig. 7B shows that the above selection 



Fig. 6. HorizontBl Shell-aad-Tube Ammonia Condenser 
and Receiver 



LENGTH OF TWaVEL - FEET 


CORRECTED TERMINAL DIFFERENCE, F 


Fig. 7B. PerformancB of Ammonia CondenserB Horizontal CIobbI ShBll-and-TubB Typo for Commer 
ciaUj Clean 2' O D Steel Tubes Condenaer Free of Non-Condeneible GaeBS* 
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would be 11 reasonable one for average 
water and operating conditions. For cases 
of hcavily-incrusted water, the condenser 
should be selected for low values of ter¬ 
minal difference and on the flatter portion 
of the curves, where a change in heat trans¬ 
fer will not produce as large a change in 
condensing pressure. 

Figs. 7A and 7B show that at low water 
quantities, low lengths of travel, and low 
values of square feet per ton, the leaving 
terminal difference becomes excessive. At 
such conditions, a small change in heat 
transfer would mean a large change in con¬ 
densing pressure. At the same time, the 
curves show that, at high water quantities 
for long lengths of travel and relatively 
small values of square feet per ton, the 
pressure drop becomes excessive. The 
curves therefore afford a direct comparison 
and a balance of conditions to give a prac¬ 
tical and complete analysis of condenser 
performance.' 

The most comprehensive data available 
relating to heat transfer of the horizontal 
multipass shell-and-tube ammonia con¬ 
denser arc given by Kratz, Macintire and 
Gould.* Tests were performed on a bank 
of two shells, each containing seven 2-in. 
No. 13 BWG tubes, each 12.82 ft long. The 
superheat or heat of compression in the 
gas as it came from the compressor was re¬ 
moved in a gas prccooler. 

In Fig. 7 the results have been con¬ 
densed to give the heat transfer as a func¬ 
tion of the water velocity in curve A. This 
curve refers to the tests made with water 



Flg> B. Heat Transfer Coefficlenta in Horizontal 
ShDll-Bod-Tube Ammonia Condonasra 


circulating parallel through the two shells 
when the tubes were clean. Curve B refers 
to data taken in the same manner as those 
of curve A with tubes which had been in 
service 16 hr. Curve C refers to dirty 
tubes; the length of time the condenser had 
been in service was not stated. 

The variation in heat transfer as a func¬ 
tion of the length of time the condenser 
has been in service is clearly indicated by 
the progressively lower values as indicated 
by curves A, B and C. Ferrous tubes seem 
to have an increasing scale resistance be¬ 
cause of the continuous oxidation of inside 
tube surfaces, even with normal waters. 
High rates of hear transfer, often given, 
are frequently traceable to the fact that 
such measurements are made on con¬ 
densers having clean tubes. 

Curve D represents the heat transfer 
that may be expected in practice after the 
condenser has been in service a reasonable 
length of time. These curves are based on 
external tube surface and real temperature 
differences measured at various points and 
averaged.* The logarithmic mean tempera¬ 
ture difference may be used with curve D 
with sufficient accuracy. This checks with 
the data of Pownall." 

The water friction pressure loss, impor¬ 
tant on horizontal condensers, is composed 
of the loss through the tubes plus the loss 
resulting from entry conditions, return 
bends, and changes in cross sectional area. 
This is clearly illustrated by Fig. 9, taken 
from the tests of Kratz et al.* Note that 
the loss through the return bends forms a 
large proportion of the total friction loss, 
being more than half in this cited case. In 
order to evaluate this loss, it is necessary 
to have the return bends resolved into 
equivalent length of tubing; this value 
varies principally with design. The values 
may be estimated in seamless steel tube 
condensers by using 16 ft of equivalent 
length of tubing for each return bend, the 
Williams and Hazeii friction factor with 
an accompanying multiplier of .55 for 
smooth, clean tubing. 

The method of fastening tubes to the 
tube sheet is the same as on vertical shell- 
and-tube ammonia condensers. 

4. The double-pipe ammonia condenser 
is usually built of H ^'^d 2-in. pipe from 
4 to 12 pipes high in lengths 10 to 20 ft. 
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Gas cornea in at the top, water at the bot¬ 
tom, the action thus being counter-flow. 
The gas passes between the pipes, the 
water through the inner pipe. The con¬ 
denser may be built up with fittings or 
may be of welded construction. 

Numerous references to the heat trans¬ 
fer obtained in double-pipe condensers are 
available. Fig. 10 shows data taken from 
tests by Kratz et al^ on a standard IJ-in. 
by 2-in. pipe, 12 pipes high, IS ft long 
condenser. The condenser was new’, and 
hence probably not corroded or scaled. 
The transfer recorded referred to that part 
of the condenser surface elTective in lique¬ 
fying the dry saturated ammonia and sur¬ 
faces ranged from 18.4 to 4.6 sq ft per 
ton capacity. The results show that the 
heat transfer varies not only with velocity 
of the water within the pipes, but with the 
mean temperature dilTerence between the 
water and the condensing ammonia. (Note 
that the water is measured in lb per min.) 

Stewart and Holland® tested a double- 
pipe condenser, consisting of 11-in. and 
2-in. pipes, 8 pipes high, 10 ft long. The 
heat transfer recorded by these experi¬ 
menters refers to the overall heat transfer 
including the removal of superheat. Table 
Z shows the heat transfer through clean 
surface with a 10 F mean temperature dif- 


Table 2. Heat Transfer Coefficients in 
Double-Pipe Condensers 
(10 F mean temperature difiTerence) 


Water velocity, 

Heat transfer. 

fpm 

Btu/s(i ft hr F 

50 

IBS 

100 

240 

150 

2B5 

200 

330 


ference for varying water velocities. Actual 
values should be reduced in accordance 
with the water fouling effect. 

In these tests the mean temperature 
difference was obtained by graphical solu¬ 
tion of the difference in temperatures be¬ 
tween the ammonia and water at various 
points in the condenser. Both of the fore¬ 
going investigators conclude from their 
tests that in double-pipe condensers the 
actual heat transfer is a function of both 
the velocity of the water within the tubes 


and the mean temperature difference be¬ 
tween the condensing ammonia and water, 
wdth the heat tran.sfer decreasing with in¬ 
creasing values of the mean temperature 
difference. Fig. 11 indicates this variation 
and may be used to predict double-pipe 
condenser performance in actual practice. 

The friction head in a double-pipe con¬ 
denser is shown in Table 3. These are val¬ 
ues upon which the pumping equipment 
may be conservatively estimated. 

The large double-piiie ammonia con¬ 
denser with 2-in. and 1 J-in. pipes is rapidly 
becoming obsolete in the refrigerating 
industry; however, special designs still 
have their economic iipplicatioiis. 

5. The atmospheric ammonia condenser 
w'as used extensively years ago in various 
forms, such a.s atm osjjIj eric drip type, the 


Table 3. Water Friction Head in Double- 
Pipe Condensers, ft 
(Pipes \ } X 2-m., 20 ft long) 


Water, 

10-pipe 

12-pipe 

gpm 

10 

R 

9 

20 

24 

27 

30 

50 

59 


straight atmospheric type, with and with¬ 
out drip strips, and the Block type con- 
dcinscr. Table 4 gives overall values of 
heat transfer including superheat and con- 



water vlldcity ' ri per sec 

Fig. 9. Water Friction PresBure Lobb in Horizontal 
Ammonia Shell-and-Tube CondenBarg 
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Fig. 10. Performance Curves of a Double-Pipe 
Ammonia Condenser 

forma to thnae obtained in praetice. These 
valuoa are taken from the data of Torrance 
and others. 


Table 4. Heat Transfer in Atmospheric 
Bleeder-Type Condenser 


Water supply, 
Kpm/ft of length 

Transmittance, 
Btu/sq ft hr F 

1 

7b 

2 

124 

3 

1S3 

4 

170 

5 

IBO 


Kratz et al find that in this type the 
overall heat transfer varies directly with 
the quantity of water distributed over the 
condenser, and that tlie heat transfer is a 
function of the velocity, independent of 
the mean temperature difference. The 
curve shown in Fig. 12 is taken from their 
data as giving the percentage of splash 
loss at different water rates for an atmos¬ 
pheric bleeder condenser provided with 
drip strips between the pipes. The usual 
practice in atmospheric condensers is to 
circulate not more than 2 gpm of water 
per ft of condenser length; however, with 
redistributing or splash boards as much as 
6 gpm per ft can be used. 

For rough calculations of heat transfer, 
it has been customary to figure 60 to 100 


Btu per sq ft hr F as the heat transfer 
obtained in straight atmospheric type con¬ 
densers with the gas entering at the top 
and the liquid removed from the bottom, 
and 125 for the atmospheric drip, bleeder, 
or flooded double-pipe type. 

The atmospheric type of condenser is 
today practically obsolete. Several factors 
have contributed to this end, the foremost 
being the large floor space necessary for its 
installation and its higher first cost as corn- 
parerl to the shell-and-tube type con¬ 
denser. It has, however, the advantage 
that in winter the water may often be en¬ 
tirely dispensed with and condensation ef¬ 
fected by low air temperature. The present 
evaporative condenser is an outgrowth of 
this cooling tower and atmospheric con¬ 
denser combination. 

6. Practically all smaller ammonia units 
use the shell-and-tube condenser. Some of 
the smaller sizes previously used a shell- 
and-coil condenser where the water cir¬ 
culates through the coil, but this type of 
construction causes trouble where bad 
water conditions are encountered and ne¬ 
cessitates a complete condenser replace¬ 
ment, since single tube or coil replacement 
is impossible. These condensers may be 
either vertical or horizontal and arc sized 
on the same design data as the larger con- 



Fig. 11. Heat Transfer Values for Double-Pipe 
Condensers (l}X2) 





24. CONDENSERS 


431 



Fig. IZ. Water Loss in Atmospheric Condenser, 
70F Water, 12 2-in. Pipes High, 20 ft Long 


densers. Frequently water velocities arc 
rather low, resulting in lower heat transfer 
coefhcicnts and inucli larger amount of sur¬ 
face per ton of refriiteration. 

Condensing units operating with the 
low-pressure refrigerants are sometimes 
equipped with non-ferrous, double-pipe 
condensers up to the 2 to 5-lip range; 
above this shell-and-coil and shell-and- 
tube condensers are used. (See Chapter 31.) 

7. Research on performance of ammonia 
condensers of various types by Linge^ has 
brought to light a review and comparison 
of exist! ng tests on ammonia condensers. 

Condensation takes place in the super¬ 
heated part of the condenser as long as its 
walls are cooled below the condensing tem¬ 
perature. The product of the coefficient of 
heat transfer and the mean temperature 
difference between the vapor and the wall 
is practically the same for superheated va¬ 
por and saturated vapor. When the super¬ 
heat increases, the transmission coefficient 
decreases to about the same extent as the 
temperature difference increases; thus the 
quantity of heat transmission remains 
about the same. Therefore, an average 
overall heat transfer coefficient and the 
mean temperature difference calculated by 
using condensing temperature correspond¬ 
ing to the saturated condensing pressure 
and the entering and leaving water tem¬ 
peratures, will give accurate condenser rat¬ 
ings. 

It has not been possible to determine 
with accuracy the coefficients of heat trans¬ 


fer in the subcooling regions of the differ¬ 
ent condensers, because the temperature 
differences and heat quantities are so small 
that their measurement is subject to con¬ 
siderable error. These values range from 30 
to 60 Btu per sq ft hr F. Hence there is 
no advantage with big condensers in using 
a portion of the surface for subcooling 
which may, however, be advantageously 
obtained by using a separate cooler. 

The main factors affecting the perform¬ 
ance of all types of condensers are the veloc¬ 
ity of the water and the thickness of the 
scale on the tubes. The curves obtained 
from the observation;: wire always found 
to be located between those calculated for 
clean and for scaled condenser surface. 

A tabulation of all the test results shows 
that atmospheric Ci)ndensers have the 
slowest water speed and the lowest coeffi¬ 
cient of traiifc^jmssioii, and that the shell- 
and-coil condensers with the water through 
the coil have the highest water speed and 
the highest coefficient of transmission. 

Table 5 from the same source contains 
factors for cf)iiversioii of test results ob- 


Table 5. Relative Heat Transfer with 
Various Refrigerants under 
Identical Conditions 


NHa 

SO 2 

CO 2 

IDD 

98 

93 

ZOO 

192 

174 

400 

370 

315 


tained with ammonia into values pertain¬ 
ing to other refrigerants. These values were 
derived by theoretical analysis based on 
Nusselt\s theory of condensation. 

Horizontal Closed Shell-and-Tube 
Freon Condenser 

9. Horizontal closed sliell-and-tubc Freon- 
12 condensers are built in si74es from about 
five tons up to thr)se required on the largest 
installations; how'ever, (jii these large jobs, 
greater opera ting economy is ol) tained by a 
multiple conilenser installatitin. 

Frcon-12 condenscis have been made 
with many typtis of material specifications, 
including all jirimc surface ferrous tubes, 
and all jirime surface or finned, non-ferrous 
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tubes. With the background of perform¬ 
ance experience on horizontal ammonia 
condensers with steel and with the multi¬ 
plicity of tube types on Freon condensers, 
efforts were made to resolve the perform¬ 
ance of Freon condensers down to their 
fundamental characteristics. 

The computation of overall heat trans¬ 
fer^ in a condenser may be made from test 
data of heat transfer coefficients of the 
water and refrigerant sides, physical meas¬ 
urements of the condenser, assumed foul¬ 
ing factors and the following equation: 


where 


[/ — 


1 


l+E+L+L 

hih,h.k 


t/ = overall heat transfer cocflicient, 
Btu per sq ft hr F, based on the 
external surface and the mean tem¬ 
perature difference between the ex¬ 
ternal and internal surfaces. 

/?== ratio of external surface to internal 
surface. 

//, = internal or water side fdm coeffi¬ 
cient, Btu per sq ft hr F 
A/= fouling allowance on water side, 
Btu per sq ft hr F 

= external or refrigerant side coeffi¬ 
cient, Btu per sq ft hr F 
L=thickness of tube wall, in. 

A: = thermal conductivit}^ of tube mate¬ 
rial, Btu in. per sq ft hr F 


L 

Note: — applies to prime surlnre. When extendBd sur- 
k 

fane is used, this factor should be modified. 


Values of hi are reliably and accurately 
reported by McAdams.® For turbulent 
flow DG/p. exceeding 10,000 in horizontal 
tubes and using average water tempera¬ 
tures, he cites the general correlation for 
condensing: 


hiD 

k 


/DGy^ /rj,n \“ 

(^) 


where: 

D “inside tube diameter, ft 
fc—thermal conductivity, Btu per sq ft 
hrF 

fr—weight velocity, lb per hr sq ft of 
cross section 


p-viscosity, lb per hr ft, based on 
arithmetic mean temperature of the 
wa t er=2.42 X vise osi ty-c en tip oises 

Cp —specific heat, Btu per lb F 

For a given condenser tube and a given 
range of operating conditions, this equa¬ 
tion may be resolved into /i, —where 
c is calculated from the above equation 
with G resolved into velocity v fps. 

Pownall* reports that after the oxide 
film on non-ferrous tubes has been built 
up with normal waters, its resistance be¬ 
comes constant and gives a scale factor, A/, 
of 4,000, equal to that of non-ferrous tube 
condensers operating for three years with 
normal water. Ferrous tubes, however, 
seem to have an increasing scale resistance 
because of the continuous oxidation of 
inside tube surfaces, even with normal 
water. 

For general use, the values of fouling 
factors hf have been recommended* as 
2,000 for copper tube and 1,000 for steel 
tube. 

The values of external or refrigerant-side 
coefficieiit, h,, must be determined from 
test data, since they vary with the physical 
construction of the tube. Jones*® cites 
tests with Freon-11 and |-iii. OD 
(0.545-in. ID) copper tubes, having six¬ 
teen iV-in. high fins per inch, in which the 
refrigerant film varied markedly and di¬ 
rectly with the rate of loading of the sur¬ 
face. The same tests indicated practically 
no evidence of important changes in re¬ 
frigerant film coefficient with respect to 
mean temperature differences or water 
velocities. These tests were run with high 
water velocities, 8.1 to 9.2 fps, but because 
of the improved heat transfer, two passes 
of water flow are sufficient, where four are 
usually necessary for plain tubes. Thus 
the total water friction loss remains about 
the same. Fig. 13 is a typical rating. See 
Paragraph 3 for a general description of 
the method used for this type of rating 
curve. 


Non-Condensible Gases 

10. Non-condensible gases are a com¬ 
bination or mixture of nitrogen, hydrogen, 
oxygen, chlorine, oil vapors, water vapor, 
etc., inside the refrigerating system. These 
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gases circulate with the refrigerant, but un¬ 
like the refrigerant, they do not liquefy in 
the condenser, where they collect and on 
certain types of systems settle in the re¬ 
ceiver (See also Chap. 34). 

When these gases are present, they will 
raise the condensing pressure above that 
corresponding to the condensing tempera¬ 
ture by forming a film over the condensing 
surface or some part of it, thus acting as a 
resistance to efficient heat transfer. 

Due to the continuous flow of the gases 
entering the condenser, the non-condensi- 
blc gas film formed around the condensing 
surface is wiped away and these gases then 
accumulate in the quiet parts of the con¬ 
denser, tending to blanket the condensing 
surface. 

This reduction of the effectiveness of the 
condenser not only causes higher head 
pressures, but also increases brake horse¬ 
power, reduces capacity and promotes oxi¬ 
dation of the oil, especially at the valves 
due to the presence of oxygen at this point 
of high discharge temperatures. Operating 
experience with all refrigerating systems 
substantiates this. According to Badger,** 
who presents data for steam and air, the 
film resistance cocfTicient between steam 
and a metal wall is as much as six times as 
great with 4.5% air as with no air present. 

As reported by Linge,’ the presence of 
these gases according to Dalton’s law of 
partial pressures raises the condensing 
pressure P by the amount of the partial 


pressure, P\ The increase of the work of 
compression is in relation to the ratio 
B -\~P'/ P. TViis is greater with higher par¬ 
tial pressures and lower condensing pres¬ 
sures. 

Non-condensible gases come (a) from 
outside the system by being drawm into 
the crankcase of the compressor along with 
the oil and througli leaks in piping, stuffing 
boxes, etc., when the system is being oper¬ 
ated under a vacuum and (b) from inside 
the system by improperly evacuating a 
new^ system before charging, by decomposi¬ 
tion of the lubricant under the heat of 
compression, and by mistiHaneous chemi¬ 
cal reactions within tin system. 

A test for non-condensible gases is to 
shut doivn tlie refrigeration system, but to 
allow the condenser w\ater to flow for a 
sufficient length of time so that the refrig¬ 
erant is at tloi samp temperature as the 
water. If the condenser pressure is higher 
than that pressure corresponding to the re¬ 
frigerant temperature, there are non-con¬ 
densible gases present. Experimental data 
have shown that with these gases present 
in the condenser under the above condi¬ 
tions with a 10 F difference between 
refrigerant temperature and the tempera¬ 
ture corresponding to the condensing 
pressure, there will bo as much as 20 tn 
25 F increase in eoiidensing temperature 
during operation. 

Non-con densible gases can be eliminated 
to a great degree by purging. This may be 


LENGTH OF TRAVEL-FEET PRESSURE DROP 



Fig. 13. Rating Curve for 
Horizontal Freon-lZ Con¬ 
denser with ^-in. OD 
Tubes Having B Fins per 
Inch, I-in. High*'^' 

Example: Tor SF difference, 
14 sq ft per inn and 2 gpin 
per tun, find leiiffth of water 
travel and proasuro drop. Rend 
vertically on 8" Lemperalure dif- 
ferenee lino to interseBlion with 
14 Bq ft per ton, then horizon- 
talJy to 2 Kpin per ton line. 
HGad20-ft travel U) intcniontion 
with 2 Kpm and then hurizon- 
lally to 14 eq ft per tun, findinH 
(1.5 pai presaure Idbb. 
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POUNDS OF REFRIGEHANT LOST PER POUND 
OF NON-CONDENSIBLE GASES 

Fig. 14. Ammonia and Freon-12 Loss When 
Purging at Different Gas Temperatures and Pres- 
Hures 

1—Ainmonin, 45r; 2—nmmonin, TOP; 

3451’; 4—Froon-12. 70F 

accomplished by shutting down the system 
as mentioned above, and by blowinj^ off 
directly into the atmosphere or by usin^ 
devices for this purpose which work while 
the system is in operation. Pur/^inpj connec¬ 
tions should be located in the system where 
non-condensible gases will accumulate. It 
has been found on long horizontal condens¬ 
ers with the discharge gas inlet in the 
center of the shell, that these gases will 
accurnuhitc at the extreme ends and will 
not work their way down into the receiver. 
The purging connections should therefore 
be on the top two extreme ends of this type 
of condenser. 

On any coil type condenser, such as 
evaporative condensers, where the actual 
refrigerant gas velocity through the coil is 
high, the non-condensible gases are pushed 
down into the receiver and will remain 
there during normal operation. This type 
of condenser can be purged very readily 
from the top of the receiver. However, on 
ammonia condensers using a number of re¬ 
frigerant passes in parallel, these gases 
have been known to pocket in one or more 
of the passes, rendering them ineffective. 

Purging devices employ a refrigerated 
surface within a container into which is 
introduced a mixture of refrigerant gas and 
non-condensible gases. The low tempera¬ 
ture surface condenses a great amount of 
the refrigerant; the remaining mixture is 


allowed to escape to the atmosphere. Fig. 
14 shows the refrigerant loss when purging 
ammonia and Freon-12 at various tem¬ 
peratures and pressures, and indicates the 
desirability of purging devices. Even 
though Freon-12 losses are considerably 
greater than ammonia, it is economical to 
purge these systems as thoroughly as am¬ 
monia systems. This can be determined by 
balancing the savings in compressor power 
requirements and increased wear on ma¬ 
chinery against the loss of refrigerant. 

Although it is desirable to operate with¬ 
out non-condensible gases, exceedingly 
low condensing pressures are also to be 
avoided. In the endeavor to reduce con¬ 
densing pressures, the minimum pressure 
must be taken into account; i.e., the pres¬ 
sure below which the system will not 
operate satisfactorily because of existing 
static heads and resistances of mains and 
control apparatus to the flow of the re¬ 
frigerant. Condensing pressures are best 
increased for this purpose by decreasing 
the water flow. 

Fouling Factors 

11. Frequently the progressive decrease 
in capacity of shell-and-tube or shell-and- 
coil condensers is due to the fouling on the 
water side of the tube. In order that con¬ 
densers will have sufficient excess tube 
surface to maintain satisfactory perform¬ 
ance in normal operation, with reasonable 
service time between cleanings, it is rec¬ 
ommended that standard minimum fouling 
factors be used. For conditions of extreme 
fouling, poor maintenance and the like, 
higher fouling factors should be used. 
These factors are the reciprocal of the heat 
transfer rate of the layer of foreign sub¬ 
stances deposited on the surface of the heat 
transfer tubing, and enter into the equa¬ 
tion as explained under Freon condensers. 
In order to obtain the total resistance to 
heat transfer, the sum of fouling resistance 
as selected is added to the resistance of the 
fluid film on the inside of the tubes and on 
the outside of the tubes and the resistance 
of the tube wall. The effect of fouling re¬ 
sistances in reducing clean coefficients is 
shown in Fig. 15. Table 6^^ lists the fouling 
factors for various types of water. 

12. Design water temperatures for con¬ 
densers are tabulated in Chapter 11 along 
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Fig. 15. Effect of Fouling Resistanion Heat Transfer Coefficients 


with the source of the 
w’ater for most cities 
in the United States 
over 20,000 popula¬ 
tion. These values are 
the highest design 
water temperatures 
occurring from June 
through September; 
however, this temper¬ 
ature occurred in Au¬ 
gust in the majority of 
tlu; localities. The de¬ 
sign wet bulb temper¬ 
atures for selection of 
evaporative condens¬ 
ers or cooling towers 
also have been in¬ 
cluded. It may be de¬ 
sirable to check local 
conditions for water 
and wet bulb temper¬ 
atures. 

13. Where state or 
municipal codes do not take precedence 
design pressures, materials, welding, tests 
and relief devices arc recommended to be 
in accordance with ASME Urifired Pres¬ 
sure Vessels Section of the Boiler Con¬ 
struction Code and ASHE Standard 15, 
which is the American Standards Associ- 
atit)ii Code B9, Safety Code for Mechan¬ 
ical Refrigeration. 


Table 6. Fouling Factors for Various 
Types of Condenser Water 


Types of water 

Fouling 

factor 

Sea water 

.0005 

Brackish water 

.001 

Caoling tower and artificial spray pond: 

Treated make-up 

.001 

Untreated 

.003 

City or well water 

.001 

Great Lakes 

.001 

River water 


Minimum 

.001 

Mississippi 

.002 

Delaware, Schuylkill 

.002 

East River and N.Y. Bay 

.002 

Chicago Sanitary Canal 

.006 

Muddy or silty 

.002 

Hard (over 15 gr per gal) 

.003 

Engine jacket 

.001 

Distilled 

.0005 


14. The condenser, being a part of the 
refrigeration cycle high-siile, is necessarily 
used with other more or less essential ac¬ 
cessories; of these the important items are 
the liquid receivers and oil separators. 

In some cases the condenser may also be 
used as the licpiid receiver, but a separate 
receiver is more frequently advisable and 
necessary, since liquid accumulation in a 
cninlenscr blocks olT condensing surface 
wdth a consefiucnt reduction in capacity or 
an abnormal increase in eoiideiising [ire.s- 
sures. It is ilcsirable to have the li(iuid re¬ 
ceiver of such size that it can liolfl tlic entire 
refrigerant charge, but this is inq)rissildc at 
times, csjiecially on systems with large 
flooded evaporators. In all cases, the mini¬ 
mum receiver volume shoulfl be such that 
it can absorl) the seasonal fluctuations in 
liquid refrigerant requirements; the liquid 
seal in the receiver must never be Ijrokcn, 
and the liquiil level should never build up 
into the coiulenser. Although the receiver 
is a part of the high-side, its size is predi¬ 
cated upon the design and operation of 
the low-side. 

Sizes recommended' for ammonia liquid 
receivers are from 8 in. to .36 in. in di¬ 
ameter, with lengths varying from 6 to 
16 ft, depending upon diameter. Freon-12 
liquid receivers are built in the same sizes 
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with connections suitable for Freon-12 
mains. Many special receivers are made for 
evaporative condensers, and condensing 
units with design efforts made to balance 
the size of the receiver with the capacity of 
the unit so that the receiver will fit the 
majority of installations. 

Discharge oil separators are traps in¬ 
stalled between the compressor and con¬ 
denser to remove the major portion of the 
compressor oil carried along by the super¬ 
heated discharge gas. These separators in¬ 
troduce large volumes into the discharge 
main to reduce gas velocities, thus per¬ 
mitting the oil particles to be separated 
by filter, centrifugal, or impingement type 
separators. The oil removed in the separa¬ 
tor prevents fouling of the condenser and 
evaporator and results in an increased 
plant efficiency. These separators should be 
installed close to the condenser so that the 
pulsating effect of the compressor is re¬ 
duced as much as possible and also to per¬ 
mit the superheated vaporized oil to form 
into droplets. 

The separated oil on ammonia or Freon- 
12 installations may be drained automati¬ 
cally back into the compressor crankcase; 
however, on ammonia phmts it is custom¬ 
ary to discard this oil or reclaim it by ac¬ 
ceptable methods. 


Mean Temperature Difference 

15. When there is any great change in 
the temperature difference between two 
media at different parts of the surface of 
heat transfer apparatus, it is customary to 
use the logarilkmic^ rather than the arith- 
metic, mean temperature difference in com¬ 
puting heat transfer. This is based on the 
assumption that the coefficient of heat 
transfer for all parts of the surface is con¬ 
stant, and that therefore the rate at which 
heat is transferred through any portion of 
the surface is proportional to the tempera¬ 
ture diffcreiire existing there. The formula 
is 


where D “logarithmic mean temperature 
difference 


Ai “difference between condensing 
temperature and entering water 
temperature 

A 2 = difference between condensing 
temperature and leaving water 
temperature 

Solution requires reference to a table of 
natural logarithms, which is not always at 
hand. The formula may also be written 


2.3026 login — 

Aj 


in which case a table of common loga¬ 
rithms is suitable. 

Also, it frequently happens that either 
Ai or A 2 is not known, but D is known; or 
that neither Ai nor Az is known, but that 
D and (Ai—A 2 ) are known; or that 

( Ai-AA 

.—-j is known, together with Ai 

or A 2 . In any of these cases a trial and 
error solution is required. 

Fig. 16 was prepared by A. B. Stickney^^ 
to eliminate the need of a table of loga¬ 
rithms, to facilitate computation, and to 
obviate the need of trial and error solu¬ 
tions whore possible and otherwise to sim¬ 
plify them. By its use, knowing any two of 
the five quantities D, Ai, A 2 (Ai—A 2 ), 

the other three can be read 

directly. 

In refrigerating engineering, the most 
frequent cases involve either condensing a 
refrigerant by heating a fluid, or cooling a 
fluid by evaporating a refrigerant. In these 
cases the formulae to be solved take the 
form 


V D 


sUD = wc{ti—t 2 ) =uvrin which 
8 = area of heat transfer surface, sq ft 

Btu 

U “Coefficient of heat transfer, - 

sq ft hr F 

D “logarithmic mean temperature differ¬ 
ence 

w “Weight of fluid, lb per hr 
c “Specific heat of fluid 
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— temperature of fluid being heated 
leaving apparatus, or temperature of 
fluid being cooled entering apparatus 
tz = temperature of fluid being heated en¬ 
tering apparatus, or temperature of fluid 
being cooled leaving apparatus 
UJr= weight of refrigerant evaporated or con¬ 
densed, lb per lir 

r*-thc change in heat content in Btu per lb 
of the refrigerant. 

yinco the eondeiKsation or evaporation 
takes place at coiistaiit temperature, 

(h-«=(Ai -A.) 


Examples: 

A. Suppose a condenser in which the 
temperature of the “water on” is 70 F, of 
the “water off” is 80 F, and of the condens¬ 
ing refrigerant is 85 F. Then Ai=85—70 = 15,- 
A2**85 —80 =5. To find D, read 15 at the 
bottom of the chart, and follow diagonal 
upward to the left. Head 5 at the bottom of 
the chart, and follow diagonal upward to the 
right. From where these intersect, follow 
solid curve down to boLtom of chart and 
read D = 9.1. 

B. A condenser having 1,000 sq ft of sur¬ 
face must handle a load of 100 tons, using 
800 gpm of water coming on at 70 F. The co¬ 
efficient of heat transfer is 150. What is the 
condensing temperature of the refrigerant? 
Taking 30 gal deg per ton, the temperature 
rise of the water is (100 X30)/300 = 10" 
= (Ai—A 2 ). 300 gpm is 150,000 lb per hr, the 
specific heat of water is 1, and therefore 


D = 


150,000X1 XIO 
^000X150 


= 10 F mtd 


To solve for Ai and A 2 , read in (Ai — Az) =10 
at left of chart, and follow dashed curve to 
right. Head in D = 10 at the bottom of chart, 
and up along solid curve. From where these 
intersect, read down diagonally to left and 
right to find, respectively. A? =5.8 F and 
Ai = 15.8 F. The temperature of tiic condens¬ 
ing refrigerant is 70 + 15.8 = 85.8 F. 

C. Given the same condenser, the same 
quantity and temperature of water, and 
the same coefficient of heat transfer, M+at 
tonnage will give a terminal temperature 


difference of 3 F7 And what will be the tem¬ 
perature of the condensing refrigerant? 



1,000X150 
150,000X1 ~ 

at right of chart. 


and read to left along horizontal line. Head 
A 2 = 3 at bottom of chart, and read upward 
to right. From point of intersection, read 
downward to right to find Ai = 8.2, and read 
to left along dashed curve to find (Ai—Aj) 
= 5.2 F. Taking 30 gal deg per ton, the ton¬ 
nage is (300X5.2)/30 =52 tons, and the 
temperature of the condensing refrigerant is 
70+8.2=78.2 F. 

Although the above examples have been 
confined to condensers, cooler problems 
with an evaporating refrigerant can be 
solved by the use of the chart along ex¬ 
actly the same lines. In addition, the chart 
will be found useful in the solution of prob¬ 
lems involving heat exchange between two 
fluids each changing in temperature, pro¬ 
viding two of the five quantities are known. 
In case they are not and a trial and error 
solution is necessary, the chart can be used 
in solving the various trial values. 
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25. EVAPORATIVE CONDENSERS 


Tj^VAPORATIVE condensers are of 
comparatively recent origin as com¬ 
pared to water-cooled condensers or cool¬ 
ing towers. The principle of operation is 
shown in Figure 1. Water is sprayed over 
the outside of the condensing coil, drips 
into the water tank Avhere a pump returns 
it to the spray heads. Air passing over the 
coils cools the water by evaporation. 
Make-up water to the tank is generally 
supplied through a float valve to maintain 
a constant level. 

The eliminatois shown above the spray 
nozzles must be completely effective in 
preventing rlrift of water particles. Such 
drift causes corrosion of un[)rotected 
metals and tends to deposit scale on the 
fan blades which may eventually interfere 
with proi)er operation. Condensers are 
also available with tlie blowers locaterl on 
the entering side as indicated in Figure 2. 
In this design effective eliminators arc also 
required in order to prevent drift of water 
I)articles into the surrounding area. Evapo¬ 


rative condensers are available as factory 
assembled units in sizes from 1 to 150 tons 
capacity. 

Water Consumption 

The total heat discharged by a eon- 
denser is always greater thsin the refrigera¬ 
tion load by the heat of comjiression. 
Nominal rating at stantlard* conditions 
assumes a ratio of 1.20 nr 14,400 Ittu jier 
hr of condenser load for each ton of re¬ 
frigeration loafl. This ratio of the con¬ 
denser load to the refrigeration loail varies 
with the eondensing and evaporating pres¬ 
sures as iiidicaterl in Figunis 1, 2 ami 2a, 
Chapter 24. 

Almost the entire load is removed in the 
form of latent heat of tlic water that is 
evaporated. Each pound of w^ater vaimr- 
ized absorbs approximately 1,050 lUii thus 
requiring 13.7 lb or 1.05 gal of water per 
hr per ton of refrigeration load at nominal 
conditions. The actual water er)nsum[)tif)n 
wdll be greater tliaii the theoretical con- 
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Fig. 1. Functional View of Conventional 
Evaporative Condenser 



Fig. 2. Functional View of Blow Through Type 
of Evaporative Condenser 


* See page 442. 
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BumptiuD due to the necessity of wasting a 
portion of the water in order to prevent 
excessive concentration of impurities after 
continued operation. Heavy scale forma¬ 
tion, corrosion and other operating diffi¬ 
culties are likely to result if the concentra¬ 
tion of impurities is not kept reasonably 
low. 

On large installations it is possible to 
remove the impurities by blowing down 
or draining out all of the water in the sump 
pan at regular intervals. More generally 
however some form of automatic bleed is 
provided whereby a small amount of water 
is continuously drained away during 
operation of the pump. In Figure 1 this is 
accomplished by a small bleed pipe con¬ 
necting from the pump discharge to the 
drain. It is necessary to select the size of 
this bleed line carefully or to use a valve 
to adjust the flow. In Figure 2 the bleed is 
accomplished by a funnel whose diameter 
determines the amount of water diverted 
to the drain. 

The desired amount of water wasted 
depends upon the concentration of im¬ 
purities and other chemical properties of 
the water supply. In good water areas it 
may be as little as one-half the amount 
evaporated. With badly contaminated 
water a much higher rate of waste should 
be used. Thus for good conditions the total 
water consumption of the evaporative 
condenser will be approximately three 
gal per hr per ton of refrigeration load. 
It will generally be less than 5% and 
seldom over 10% of the water consumed 
by a water-cooled condenaer. 

The formation of scale deposit may be 
minimized by chemical treatment of the 
water. A common method of treatment is 
to USE a slowly soluble vitreo\is phosphate 
in a feeder in the water suppl)^ or in a wire 
basket located in the sump pan. The 
amount of the phosphate granules in the 
feeder or basket determines the rate of 
treatment regardless of the amount of 
water recirculated. Thus the rate of treat¬ 
ment is controlled by replenishing, at in¬ 
tervals, a suitable amount of phosphate in 
the feeder basket. 

In some areas, in addition to the forma¬ 
tion of scale evaporative condensers may 
be subject to corrosion and the accumula¬ 
tion of algae and slime. These conditions 


can also be minimized by chemical treat¬ 
ment. It is generally desirable to handle 
such treatment under the supervision of a 
trained water chemist. 

Heat Transfer Processes 

Two distinct heat transfer processes 
occur in the evaporative condenser. (1) 
From refrigerant to the tube wall, through 
the tube wall and water film to the water 
surface, heat transfer depends on the 
difference between the temperature of the 
condensing refrigerant and the tempera¬ 
ture of the wetted surface. (2) Heat flow 
from the wetted surface to the air is in the 
form of both sensible and latent heat 
(moisture vapor). The combination of 
these two can be expressed in terms of the 
difference in the enthalpy of saturated air 
at the water surface temperature and the 
enthalpy of the air passing over the tubes. 
No simple combined coenicient of heat 
transfer has been found to express these 
two processes. Coefficients based on wet 
bulb temperature difference or even on 
over-all enthalpy difference between the 
refrigerant temperature and air wet bulb 
temperature give only ai)proximate re¬ 
sults. 

Heat transfer in the evaporative con¬ 
denser has been discussed by Goodman,^ 
Thomsen,^ James^ and Wile.^ The follow¬ 
ing analysis is from the latter reference. 

Heat transfer from the refrigerant vapor 
through the tube wall and the water film 
to the water surface can be expressed by 


where 

r/= coefficient of heat transfer from re¬ 
frigerant vapor through the tube 
wall and ivater film to wetted sur¬ 
face, Btu per hr F sq ft 

f/=heat input to the condenser, Btu 
per hr 

A=surface area of the condenser tubes, 
sq ft 

tc = condensing temperature, F 
= thB wetted surface temperature, F 

Heat transfer from the wetted surface 
to the air can be expressed conveniently in 
the form of a by-pass factor Z: 
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K — hi 
ha —hi 


( 2 ) 


where 

/ig = enthalpy of saturated air at the 
water film temperature, Btu 
/i 2 = enthalpy of the leaving air stream, 
Btu 

hi = enthalpy of the entering air stream, 
Btu 


By the use of equations 1 and 2 the co¬ 
efficient U and by-pass factor Z can 
readily be obtained from test data. They 
provide a means for predicting perform¬ 
ance under various conditions of operation 
within the range of the test data. 

Figure 3 shows the results of tests on 
two condensers of the same physical size 
but constructed respectively of 3/4 in. 
steel pipe and 5/8 in. OD copper tube. 
Both condensers had 20.6 sq ft of prime 
surface, 3.43 gpm of recirculated water 
and 517 cfm of air per sq ft of face area. 

It is highly important to note that the 
data in Figure 3 applies only to a con¬ 
denser of the exact construction and 
characteristics of the test unit. The heat 
transfer characteristics of the condenser 
are influenced considerably by the number 
of rows deep in the direction of air flow, 




O lOOO 2D00 

INPUT HATE TO CONDENSER 
BTU PER HR Sg FT 


Fig. 3. CompftrBtive Condenser Test Results 


the rate of water recirculation and the air 
flow rate. 

It should be understood that the actual 
heat transfer process in an evaporative 
condenser is a highly complex one and that 
the surface temperature as derived from 
Equation 2 can be considered at best an 
empirical approximation of the actual 
mean surface temperature. Likewise, the 
coefficient U of Equation 1 must be re¬ 
garded as empirical rather than corre¬ 
sponding to the physical value of con¬ 
ductance between the surface and refrig¬ 
erant. For these reasons, it cannot be 
considered safe practice to extrapolate 
test data apprccialdy beyond the range of 
the tests, nor to other coil depths or physi¬ 
cal construction. 

Rating Curves 

Ratings of evaporative condensers are 
generally expressed in the form of tables or 
curves sliowing either the refrigeration 
load or the actual condenser heat input. 
Figure 4 show.s the variation in condenser 
rating (rofrigeiation load) with changes in 
condensing and air wet bulb temperature. 
The curves are based upon actual test 
results using equations 1 and 2 to inter- 



Fig. 4. Typical RatiiiB Curree 
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polate within the range of test data. It 
should again be emphasized that the data 
in Figure 4 applies to a particular con¬ 
struction and not to condensers in general. 

Figure 4 is based upon an evaporating 
temperature of 40 F and includes the 
ratio of condenser load to refrigeration 
load as given in Figure 1, chapter 24. The 
effect of evaporating temperature on the 
condenser load is slightly different at high 
condensing temperatures tlian at low 
condensing temperatures but an average 
can be obtained that will represent true 
performance within a very small error. 
The figures in Table 1 are based on such 
an average. 


Table 1. Freon-lZ Load Factors for Various 
Evaporating Temperatures 


Evap. Temp, F 

Load multiplier 

-20 

1.22 

-10 

1.17 

0 

1.13 

10 

1.09 

20 

1.06 

30 

1.03 

40 

1.00 

50 

0.9B 


Standard Rating Conditions 

The standard rating conditions'* that 
have been accepted generally by the in¬ 
dustry® are: 

IhirmrioLrii; jjiCMauie, 2!l.n2 inches of 
mercury 

Fnlcriiig air dry bulb, !)0 F 
Ihiteriiig iiir wet bulb, 75 V 
Aiiibieiii Jiir dry bulb, 00 V 
A\ liter entering unit, 75 F 
Saturated temiicratiire of refrigerant 
vapor enlering unit, 105 F 
Actual temperature of refrigeraut en¬ 
tering unit, 125 I" minimuin 
Itatin of net refrigerant licat rejection 
cITecL to the net refrigeration effect, 
1.20 

Actual operating eoiulitioiis, especially 
wet bulb temperatures, may vary con¬ 
siderably from standard conditions. It is 
also common practice to select ammonia 
condensers for lower than standard con¬ 
densing temperatures, 95 F being a rather 
common selection point. 


Effect of Air and Water Quantities 

The amount of surface used by various 
manufacturers to obtain the same tonnage 
rating varies over a fairly wide range and 
is strongly affected by the amounts of air 
and water that are circulated, as well as 
the tube size, spacing and other physical 
characteristics. 

Maximum air quantities are generally 
limited by fan motor horsepower con¬ 
siderations and the maximum velocity that 
can be tolerated through the eliminators 
without carry-over of water particles. 

Condenser capacity is affected only 
slightly by increasing water circulation 
above a minimum required rate. In one 
scries of tests an increase of water flow of 
35 percent increased the capacity only 4 
percent. Ample water circulation well dis¬ 
tributed over the tubes is essential tf) 
minimize scale formation. 

Desuperheating Coils 

The capacity of a Freon 12 evaporative 
condenser may be increased by the orrler 
of 15% and of an ammonia evaporative 
condenser by tlic order of 20% by locating 
additional heat transfer surface in tlie 
form of an extended fin coil through 
which the Buperheated vapor from the 
compressor is fed on the way to tlie con¬ 
denser tube bundle. The desirability of 
these desuperheating coils for inereasing 
the capacity of the condensers can be de¬ 
termined by an eeiinoniic balance between 
the increased cost and the increased capac¬ 
ity. Claims have also been made that tlie 
reduction in hot gas temperature greatly 
reduces the scale formation. 

While it is true that the desuperheating 
coil reduces the temperature of the hot 
gas it does not necessarily follow that this 
results in any apprneialile decrease in the 
temperature of the tube itself. Heat 
transfer from a dry gas to tlie tube wall is 
poor as compared to the heat transfer 
from a condensing vapor to the tube wall. 
The actual tube temperature depend.? 
upon the relation between the rate at 
which beat is conducted from the vapor to 
the tube and the rate at which it is con¬ 
ducted away from the outsiile of the tube 
through the medium of the circulating 
water and air flow. Under conditions of 
normal operation a very considerable 
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amount of superheat causes little change in 
the tube temperature. 

An important use of desuperheating 
coils on ammonia compressors is to im¬ 
prove the effectiveness of oil separators 
usually placed in the compressor discharge 
line. By allowing the hot gas to pass 
through the [lesuperhcating coil first and 
then into the oil separator part of the oil 
vapors are condensed to a liquid before 
entering the oil separator. It is obviously 
important that the desuperheat coil not be 
oversized to the extent where condensa¬ 
tion of refrigerant takes place as this 
would produce the undesirable condition 
of supplying liquid refrigerant to the oil 
separator. 

Condenser Location 

When evaporative condensers are lo¬ 
cated indoors they can be used to aid in 
ventilating the machine room or may be 
connected by duct work to the outside. 
The indoor location is often required due 
to lack of space outdoors or the necessity 
of avoiding long runs of refrigerant piping 
to the condenser. 

Evaporative condensers are often lo¬ 
cated outdoors such as on roofs and can be 
protected from fieezing during cold 
wcatlier by locating the pump and a water 
tank in a heated area below the cmiden.scr. 
The piping can be arranged so that each 
time the pump stops all of tlie water 
drains back into the water tank and thus 
avoids freezing. Condensers may also be 
obtained with air darnijcrs to reduce the 
air flow during cold weather so as to avoid 
freeze-up and to maintain reasonably high 
head pressure. 

Capacity Modulation 

To assure tlie proper opi;ration of ex¬ 
pansion valves or other refrigerant control 
devices it is often necessary to avoid ex¬ 
tremely low cf)nden.sing pressures such as 
might result during wdnter oi)eratinn with 
an evaporative condenser. Capacity re¬ 
duction, under the control of a pressure 
switch, can be obtained in several w^ays 
by: (1) intermittent operation of the 
water circulating pump, (2) intermittent 
operation of the blowers, (3) intermittent 
operation of both the pump and air 


blowers, (4) placing a modulating or two 
position damper in the air stream to re¬ 
duce the air flow\ Of these various meth¬ 
ods, item i, the intermittent operation of 
the water pump, is definitely not recom¬ 
mended since it causes a thin film of scale 
to be deposited each time the pump is 
stopped and the water is evai)Oiated from 
the tube surface. After continued cycling 
a thick deposit of scale will result. Of the 
other three methods the use of a. modulat¬ 
ing or two po.sition damper is fiften most 
desirable since it Jiiay be used to prevent 
freezing in cold wcatlier. For cold w^calher 
operations the pump anri a sump tank 
should be located in :i heated area as 
mentioned above. 

Evaporation of Refrigerant from 
Receiver 

It is not uncommrin in connection with 
the use of evaporative condensers for the 
liquid receiver to lie located in an ambient 
temperature that is higher than tlie con¬ 
densing temperature. During continuous 
operation, flow^ of liquid into tlie receiver 
will maintain its temperatuic at a satis¬ 
factory level. In order to avoid excessive 
receiver temperatures the receiver should 
alw^ays be protected from rlirect sunlight 
and in some instances it would be desirable 
to insulate the receiver from the surround¬ 
ing air temperature. 

During a period when the system is shut 
down it often happens that a condenser 
located on the roof is subjected to liiglicr 
temperatures than the coiupressors, with 
the result that refrigerant may evaporate 
from the receiver or the raiiidciLser and 
collect in the compressor head and the 
discharge piping. Where such coiiflitions 
are likely to occur it may be desirable to 
install a check valve in tlie hot gas line 
where it enters the condenser. 

Sub-Cooling Coils 

Iinprovemcrit in system efficiency can 
be obtained by sub-cooling the liquid re¬ 
frigerant below its cnrrcspondiiig con¬ 
densing temperature. W^ith Freon 12 re¬ 
frigerant, in air conditioning or the usual 
commercial installations, the system effi¬ 
ciency will be improved approximately 1/2 
percent for each degree that the liquid is 
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cooled. Liquid Bub-cuoling can be accom¬ 
plished with evaporative condensers by 
placing an additional coil underneath the 
tube bundle where it will be in the un¬ 
heated inlet air. While the amount of sub¬ 
cooling possible will depend on operating 
conditions it will seldom exceed 15 F or 
20 F with Freon 12 refrigerant. It should 
be noted that the sub-cooling coil improves 
the capacity and the efficiency of the en¬ 
tire system because it increases the re¬ 
frigeration effect without increasing the 
compressor load. 

With am/nonia the heat of the liquid is 
so small in comparison to the total re¬ 
frigeration effect that sub-cooling coils are 
rarely used except for extremely low 
temperature applications. 

Dry Coil Operation 

It is sometimes proposed to operate an 
evaporative condenser without water dur¬ 
ing tlie winter season. The reduction in 
capacity for the dry coil is usually so great 
that the full rated load could not be carried 
even under extremely low temperature 
conditions. If a desuperheating coil is used 
the cojisiderable increase in surface im¬ 
proves this condition but would seldom 
permit operating under full load even in 
tlie coldest weather. The ratio of dry coil 
capacity to normal capacity varies with 
the design of the condenser and can 
usually be obtained from data supplied 
by the manufacturer. 


Purge Valve 

Purge valves should always be located 
on the receiver and this is particularly 
important with evaporative condensers. 
It is best to locate the purge valve at the 
opposite end of the receiver from the con¬ 
nection to the condenser. This will insure 
complete purging of air from the system 
with minimum loss of refrigerant vapor. 
With the purge valve located on the re¬ 
ceiver it is not necessary to purge other 
points in the system. 

Receivers should be located below the 
discharge connection from the condenser, 
using large enough pipe to avoid liquid 
traps or gas binding. 
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^HE cooling effect of a. refrigerating 
^ system takes place in the evaporator, 
where heat from the medium to be cooled 
(air, water or brine) vaporizes the liquid 
refrigerant. As the refrigerant boils away, 
it is constantly replaced by more liquid 
from the receiver, while the vapor is re¬ 
turned through the suction piping to the 
compressor. 

This chapter covers various types of 
ammonia and Freon evaporators in com¬ 
mon use for industrial and air conditioning 
applications. 

Good evaporator design is concerned 
with (a) the production of high heat 
transfer, and (b) sound practical design to 
give long life and freedom from functional 
troubles such as liquid carry-over, oil log¬ 
ging, and scaling. 

The amount of heat absorbed in an evap¬ 
orator is shown by the following two equa- 
ti ons: 


Q =wc{ii-t 2 ) (1) 


where 


A»«area of heat transfer surface, sq ft 
(outside) 

Equations (1) and (2) may be combined 
as below; 

U AD — (a) 

^ iz^r(q-'r2) 

On ce the factor V is established, the 
performance of the cooler may be pre¬ 
dicted. IJ varies materially, however, with 
design of evaporator, the fluid and its 
velocity, D, and with fouling of tube sur¬ 
face. 


Heat Transfer 

Overall heat transfer through a tube is a 
function of (a) film coefficient on refriger¬ 
ant side, (b) tube-wall conductivity, (c) 
film coefficient on fluid side, and (d) ratio 
of outside to inside tube surface, and is 
evaluated in the following expression: 


\ \ L R R 

hf hf, K h„, h 


Q =Btu per hr, given up by the medium 

T/; =lb of medium circulated, lb per hr 
r= specific heat of medium, Btu per lb 
F (0.24 for air, 1.0 for water, 0.7 for 
CaCU brine of 1.2 sp gr) 

l\ = entering temperature, F of medium 
being cooled 

f 2 =leaving temperature, F of medium 
being cooled 

Q=VAD (2) 

where 

Q =heat transferred or given up, Btu per 
hr 

17 = overall heat transfer coefficient, Btu 
per sq ft hr F, based on outside 
surface 

D = logarithmic mean temperature dif¬ 
ference, F 


where 

[/ = overall heat transfer factor, Btu 
per sq ft hr F 

hf = film transfer coefficient, Freon side, 
Btu per sq ft hr F 

/i/, =scale coefficient; Freon side, Btu 
per sq ft hr F 

L//C = tube-wall resistance, wall thick¬ 
ness divided by conductivity; wall 
thickness in feet conductivity in 
Btu ft per sq ft hr F 
R « Ratio of outside total surface to in¬ 
side tube surface 
/iw,. “Scale coefficient, water side 
/i»“film coefficient, water side 

The refrigerant side coefficient depends 
on thorough wetting of the surface, rapid¬ 
ity of boiling and rate of escape of gas 
bubbles from tube surface. As gas bubbles 
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form from the boiling action, they tend to 
cling to the surface of the tube, reducing 
the effective surface exposed to liquid. The 
rougher the surface, the smaller the bub¬ 
bles, and the more quickly they are re¬ 
leased. Thus, in flooded coolers, heat trans¬ 
fer is greatest for small tubes and those 
with rough surfaces (Fig. 1). 

An increase in mean temperature differ¬ 
ence, D, will cause greater turbulence in 
boiling, sweeping away of the gas bubbles, 
and improved heat transfer, as shown in 
Fig. 1. Close spacing of tubes will also in¬ 
crease boiling turbulence. A special type of 
low extruded fin on a small diameter tube 
has given very high heat transfer rates; 
due to the closely nested surface, the tur¬ 
bulence actually becomes foaming and re¬ 
sults in high percentage of wetted surface 
with relatively small amounts of refriger¬ 
ant. The refrigerant side coefficient is bet¬ 
ter when: 

1. Tubes are in liquid refrigerant con¬ 
tact, or submerged 

2. Tubes are small 

3. Tubes have roughened or extruded 
surface to refrigerant 

4. Tubes are closely spaced for maxi¬ 
mum turbulence of boiling 

5. D is high, say 12 F or more, and 

6. Oil is absent. 

The resistance of a clean tube-wall to 
heat flow is usually so low as to have little 
effect on the overall heat transfer. Fouling 
of the tube-wall surface, particularly on 
the side of the fluid, can materially de¬ 
crease transfer. Steel tubes foul more read¬ 
ily than copper. Higher fluid velocities de¬ 
crease fouling. For small copper tubes, 
good design practice is to use a fouling 
factor of 2,000, /u,, in Equation (3). 

For a given fluid, the film coefficient on 
the fluid side is higher when: 

1. Fluid velocity or turbulence is high 

2. Viscosity is low and 

3. Tubes are small. 

Must applications deal with turbulent 
flow where the Reynolds number is above 
3,000 (sec Chap. 0) as differentiated from 



LOG MEAN TEMPERATURE DIFFERENCE, DEG F 

Fig. 1. Heat Transfer Affected by 
Tube Size and Surface 


streamline flow (Reynolds number below 
2,500). 

The effect of varying the ratio of out¬ 
side to inside tube surface can be seen by 
referring to Equation (3), wdiere the over¬ 
all factor [/ is based on outside surface. If 
fluid side and refrigerant side coeflicicnts 
are about equal, bare tubes are normally 
used. With high fluid velocities up to 8 fps, 
the fluid side coefficient may become much 
higher than the refrigerant side coefficient. 
In this case, it is economical to utilisce a 
finned tube to increase outer tube surface. 
The finning ratio should be only sufficient 
to derive maximum benefit from the high 
fluid side coefficient. For example, in 
Equation (3), if /i,=225; L//c =-0000183; 
/i/. =5,000; =2,000 and /u = l,000, first 

take as 10 to 1, secondly as 4 to 1. For 
ie = 10tol, 17= 51.Fori2 = 4tol, (/= 95. 
It will be seen that in the foregoing condi¬ 
tions, the 17 factor almost doubles wffien 
ratio of outside to inside surface is reduced 
from 10 to 1 to 4 to 1. Therefore, the men¬ 
tion of total surface is no measure of cooler 
performance unless both quality of sur¬ 
face and ratio of outside to inside surface 
are known. 

Table 1 shows the range of values of 
overall heat transfer for some of the com¬ 
monly used types of evaporators. The top 
limits are for high D values of 12 F or 
more and for turbulent fluid flow. Fluid 
velocities for bare tubes range up to 5 fps 
and for finned tubes up to S fps. 
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Table 1. Overall Heat Transfer 


Current CDnseivative design values of heat transfer coefficient U for bare 
tube coolers, unless mentioned otherwise, are as follows: 

Flooded shell-and-tube cooler (water to ammonia or Freon) 
Flooded shell-and-finned tube high velocity Freon water cooler 

Flooded shell-and-tube cooler (brine to ammonia) 

Flooded shell-and-tube cooler (brine to Freon) 

Dry expansion shell-and-tube cooler, Freon in tubes, water in shell 

Baudelot cooler, flooded (ammonia or Freon to water) 

Baudelot cooler, dry expansion (ammonia to water) 

Baudelot cooler, dry expansion (Freon to water) 

Double-pipe cooler (water to ammonia) 

Double-pipe cooler (brine to ammonia) 

Shell-and-coil cooler (water to ammonia) 

Shell-and-coil cooler (water to Freon) 

Spray type shell-and-tube water coolers (ammonia or Freon) 

Tank-and-agitator, coil type water cooler, ammonia, flooded 
Tank-and-agitator, coil type water cooler, Freon flooded 
Tank, ammonia, brine cooling, coils between can in ice tank 
Tank, high velocity raceway type, brine to ammonia 


Min 

Max 

50 

150 

30 

150 

45 

100 

30 

90 

50 

115 

100 

200 

60 

150 

60 

120 

50 

150 

50 

125 

10 

25 

10 

25 

150 

250 

BO 

125 

60 

100 

15 

40 

80 

no 


Actual design values of lieat transfer, 
accepted by the iiidnstry as a basis for 
guaranteeing brine coolers, are in 

Figs. 2 ainl 3. Tht'se cliarts clearly indicate 
the effect on heat transfer of tube size, 
mean temperature difference D, brine ve¬ 
locity, and l)rine viscosity with lower brine 
temperatures and heavier brine densities. 
Figs. 2 and 3 are based on a brine conecn- 
tration which will freeze at a temperature 
approximately 20 dog F below the average 
brine temperature. These curves may be 
used conservatively for Freon-12 by apply¬ 
ing a correction factor of 0.75 to the am¬ 
monia performance, based on ll-in. or 
smaller tubes for Freon. 

Static head correction. In rating flooded 
brine coolers, the effect of static head is 
often neglected. The pressure at the bot¬ 
tom of the shell may be a psi or more 
greater than at the top, with a re.sultant 
higher refrigerant boiling temperature and 
less capacity. For low mean temperature 
difference and low evaporating tempera¬ 
tures in the larger size coolers, the capacity 


penalty is appreciable. In Table 2 is given 
the liquid static head correction in ilegrees 
F to be applied to log MTD in Figs. 2 and 
3. 

Table 3, for flooded bare copper tube 
Freon-12 water coolers, gives one manu¬ 
facturer’s performance guarantee. E.xperi- 
ence has shown it to be conservative for 
both large and small tonnage applications 
and it is representative of normal practice 
for bare tubes. Heat transfer rates up to 
200 Btu per sq ft hr F could be realized 
with higher water velocities and greater 
tube submergence. 

Flooded Shell-and-Tube Ammonia 
Brine Cooler 

This type of cooler, Fig. 4, has long been 
the standard for industrial brine cooling 
applications. The construction is all-steel 
with either 1 J-iii. nr 2-in. tubes expanded 
into the tube sheets. Typical specifications 
are given in Table 4. 

Tube heads arc arranged for multipass 
brine flow through the tubes. The perform- 
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-HEAT TRANSFER CDEFFICIENTS- 
I 0"F. AVERAGE BRINE TEMP. 


-CORRECTION FDR BRINE TEMR- 


BRINE temperature-"F I 


140 IBO 220 2B0 

BRINE VELOCITY - FT PER MIN. 


10 20 30 40 50 50 70 BD 30 100 110 IZU 

CORRECTED HEAT TRANSFER - B.TU. PER SO FT-HH-"F. 


FiR. 2. Heat Transfer from Ammonia to Brine in FloDded Coolers—2-in. tubes 


HEAT TRANSFER COEFFICIENTS 
I O'F. AVERAGE BRINE TEMP 




140 IBO 220 260 300 

BRINE VELOCITY- FT. PER MIN. 


ID 20 30 40 50 60 70 BO 30 100 I ID 120 130 

CORRECTED HEAT TRANSFER- B-TU. PER SO FT.-HR.-'F. 


Fig._3. Heat Transfer from Ammonia to Brine in Flooded CdoIbtb— 1^-ln. tubes 


Example: For avernge field operating con¬ 
ditions with a flooded cooler having l}-in. 
plain steel tubes, find the heat transfer eo- 
eflicient when —10 F average brine is circu¬ 
lated at a velocity of 200 fpin and the D 
is 10 F. Following the dashed line and arrow, 
proceed vertically up from the brine velocity 
of 200 fpm to the transfer curve for 10 F 


D, go horizontally to the right to the correc¬ 
tion curve for —10 F average brine, and, 
reading vertically down, obtain the corrected 
heat transfer coefficient of 77.7 Btu per sq 
ft hr F. 

For identical conditions, except with 2-in. 
tubes, the transfer coefficient is 69.5 Btu per 
sq ft hr F. 
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Tablo 2. Liquid Static Head Correction In deg F for Various Evaporator Temp era tureSp 
Horizontal Flooded-Type Ammonia Brine Coolers 


Shell 

diem, 

in. 

10 in. 
VIIC 

-42.1 F 

5 in. 

VBC 

-34.5 F 

0 

-ZB F 

5 psi 
-17.2F 

10 psi 
—B.4F 

15 psi 
-l.OF 

20 psi 
5.5 F 

25 psi 
11.3 F 

30 psi 
16.6 F 

40 psi 
25.B F 

45 psi 
30.0 F 

15 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.15 

0.15 

0.15 

0.15 

20 

0.4 

0.4 

0.3 

0.3 

0.3 

0.3 

0.3 

0.2 

0.2 

0.2 

0.2 

24 

0.7 

0.7 

0.5 

0.4 

0.4 

0.4 

0.35 

0.25 

0.25 

0.2 

0.2 

30 

0.9 

0.9 

0.7 

0.5 

0.5 

0.5 

0.4 

0.3 

0.3 

0.25 

0.25 

34 

1.1 

1.0 

O.B 

0.5 

0.5 

0.55 

0.45 

0.35 

0.35 

0.3 

0.3 

38 

1.3 

1.1 

0.9 

0.7 

0.7 

0.5 

0.5 

0.4 

0.4 

0.3 

0.3 

42 

1.4 

1.2 

1.0 

0.75 

0.75 

0.65 

0.55 

0.45 

0.45 

0.35 

0.35 

45 

1.5 

1.3 

1.0 

O.B 

O.B 

0.55 

0.55 

0.45 

0.45 

0.35 

0.35 

50 

1.5 

1.4 

1.1 

0.9 

0.9 

0.7 

0.5 

0.5 

0.5 

0.4 

0.4 

54 

1.7 

1.5 

1.2 

1.0 

1.0 

0.75 

0.55 

0.55 

0.55 

0.4 

0.4 

60 

1.9 

1.7 

1.4 

1.1 

1.1 

0.B5 

D.75 

0.6 

U.6 

0.5 

0.5 


mice of this cooler, Figs. 2 mid 3, is based 
on use of calcium chloride brine with the 
shell flooded with liquid ammonia to a 
static height of O.S of the internal shell 
diameter. Brine temperature differences, 
entering minus leaving, in practice run 
from about 4 to 15 deg F. Table 5 compares 
flow of water to CaCla brine of 1.2 sp gr for 
various temperature differences. 

Consley® has discussed the use of swirl 
strips in the tubes to increase brine turbu¬ 
lence at low velocity. Although the gain in 
heat transfer is somewhat balanced by in¬ 
creased pressure drop, swirls may be used 
to increase capacity of existing equipment 
ill the field, as in Fig. 5. 

Flooded Shell-and-Tube Freon 
Coolers 

This cooler has found its greatest field 
of application in chilling water for air con- 


Table 3. Overall Heat Transfer 
Factors in Flooded Coolers 
(Btu per sq ft hr F) 


Water 

velocity, 

fpm 

Mean temperature diff, deg F 

6 

B 

10 

12 

15 

150 

67 

76 

83 

90 

97 

200 

83 

95 

103 

110 

IIB 

250 

97 

109 

115 

122 

529 

300 

103 

115 

123 

130 

13B 


These fACiors are based upon the actual temperaturs of 
refrigerant in the shell, and a Freon level of approainiately 
I of the total height, with aommerDially pure, oil-free 
Freon and Hn OD copper tubes. 


ditioning service. Recent iustalhitions have 
been made, however, in large tonnage 
capacities fo: industrial brine cooling. Us¬ 
ual construction is steel shell and copper 
tubes. Latest trend is to the use of finned 
tubes and higher fluid velocities. 

For CaClz brine cooling, construction 
is generally of steel throughout, although 
in plants where brine is clicmically treated 
and kept under supervision, non-ferrous 
alloys are coming into use. Usual practice 
is to groove or serrate the tube holes in 
the tube sheet, of either steel or non-fer- 
ous alloy, then expand the tube to a tight 
fit in the tube bole. Home coolers are made 
with light copper or alloy tube sheets with 
tubes silver soldered to the tube sheet. 

A typical design of bare tube cooler is 
shown in Fig. 6 and its hook-up with float 
control in Fig. 7. 

In this cooler the auction is taken off the 
top at several points into a main header 
containing superheater surface with the 
compressor connection in the center. This 
type of design uses a somewhat smaller 
shell, the shell itself being almost filled 
with tubes on close spacing. The need for 
distributing headers on the liquid side is 
mainly to cause uniform turbulence 
through the length of the shell. For typical 
specifications of this type cooler, see Table 
6 . 

A typical design of finned tube cooler is 
shown in Fig. 6 and its hook-up with pilot 
thermal valve control in Fig. 9. Here the 
super-heater surface is located within the 
shell. The close nesting of finned tubes 
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Fig. 5. Effect of Swirl Strips—AmmoniH 
Brine Coolers 


concentrates heat transfer surface to pro¬ 
duce violent turbulence and foaming, 
which elTect uniform wetting of the entire 
surface. Therinal valve action causes some 
carry-over of foam containing oil. This 
foam is dried out by the superheater and 
the oil returned to the compressor via the 
suction line. Specifications for this cooler 
arc as in Table 7. The ratio of outside to 
inside surface is approximately 4 to 1. 


Spray-Type Coolers 

This type is being largely superseded by 
flooded coolers except for applications at 
very low temperatures where the static 
head penalty on flooded coolers is too great 
or at low MTD's where the performance 
of flooded coolers falls ofT rapidly. Since 
the wetting of the tube surface by sprays is 
uniform regardless of heat load, heat 
transfer of spray-type coolers is independ¬ 
ent of MTD. 

Construction is similar to flooded cool¬ 
ers except for location of a spray header 
with nozzles above the tube bundle. The 
Freon or ammonia is collected in a sump 
at the bottom of the cooler and recirculated 
by a low-head pump through the sj)ray 
system, flowing down over the tubes. Re¬ 
circulating flow ratio is high compared to 
evaporated refrigerant flow, assuring thor¬ 
ough wetting of tubes. Refrigerant charge 
is low and is much less affected by load 
variations than the flooded coolers. Great¬ 
est disadvantage of spray coolers is ne¬ 
cessity of mechanical.pump and high in¬ 
stallation cost. 


Table 4. Specifications of Typical Ammonia Flooded Brine Coolers with 1^-in. Tubes 


Shell diam, 
in. 

Length, 

ft 

No. tubes 

Surface area, 
sq ft 

Weight, 

lb 

Ammonia charge, 
lb 

16 

16 

60 

315 

2,700 

420 

20 

16 

103 

53 B 

4,400 

642 

24 

16 

163 

B53 

6,500 

B6B 

30 

16 

247 

lp2P2 

9,200 

1,427 

34 

16 

341 

1,784 

12,200 

1,BB0 

3B 

16 

426 

2,229 

15,400 

2,320 

42 

16 

530 

2,773 

18,500 

2,795 

45 

16 

612 

3,202 

21,500 

3,140 

50 

16 

764 

3,997 

26,500 

3,830 

54 

16 

B6B 

4,541 

30,200 

4,340 

60 

16 

lpOB2 

5,661 

37,700 

5,450 












26. EVAPORATORS 


451 


Non-Flooded Shell-and-Tube 
Freon Coolers 

The so-called dry expansion cooler (Fig. 
10) in which the refrigerant is in the. tube, 
is becoming more popular for small and 
medium tonnage applications, say up to 
150 tons per unit. Thermal valve is used 
for Freon control. Since the valve requires 
superheat for its operation, this cooler is 
not good for applications requiring close 
temperature splits between Freon and 
fluid, unless used in conjunction with heat 
exchanger. There are two main types of de¬ 
sign, first the U-tube type, in whicli the 
entire tube bundle is removable from the 
shell and, second, the fixed-tube type 
which is like an ordinary cooler except that 


SUCTION OUTLET 



Table 5. Rate of Flow of Fluid at Differences 
in Temperature to Equal One Ton 
of Refrigeration 


Temperature 

Water 

CaCh 

change, 

circulated, 

circulated, 

degF 

gpm/ton 

gpm/ton 

1 

24 

28.6 

2 

12 

14.3 

4 

6 

7.15 

6 

4 

4.8 

8 

3 

3.6 

10 

2.4 

2.86 

12 

2 

2.4 

14 

1.72 

2.04 

16 

1.5 

1.8 

IB 

1.33 

1.6 

20 

1.2 

1.43 



Fig. 7. RecDmmcadBd Hook-up of Freon Water Cooler 
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OUTER SHElJ. 
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Fig. B. Finned Tube Freon Water Cooler 


it has shell side baffles. The U-tube type is 
shown. 

The advantages of this cooler are that 
the water friction is low, the control is 
simple with the thermal expansion valve, 
Freon charge is small, and there is no 
difficulty with oil return since the feed is 
positive. This cooler does not readily freeze 
or burst tubes, and for this reason, lower 
Freon temperatures can be used. The over¬ 
all heat transfer is lower than with flooded 
coolers, but generally the actual installed 
cost of the dry cooler is about the same 
as the flooded. The figures which follow in¬ 
dicate design factors used by one manufac¬ 
turer, based on a constant water velocity: 


Table 6. Specifications of Typical Freon Flooded Water Coolers with 
Bare Copper Tubes, 1-in. OD 


Shell 

diam, 

in. 

Length, 

ft 

No. tubes 

Surface 

area, 

BIl ft 

Weight, 

lb 

N ormal 
capacity, 
tons 

10-’ MTD and 

5 fps vel 

Freon 

charge, 

lb 

lo'i 

5 

91 

74 

500 

7.4 

75 


10 

91 

148 

950 

14.B 

150 

I2l 

10 

133 

216 

1,150 

21.6 

200 


16 

133 

345 

1,B40 

34.5 

320 

14 

14 

166 

3BD 

1,600 

38.0 

345 

16 

14 

220 

504 

2,200 

50.4 

445 

18 

16 

306 

BOO 

3,360 

BO.O 

620 

20 

16 

364 

951 

4,240 

95.1 

BOO 

24 

16 

566 

1,4B0 

6,000 

14B.0 

1,0B0 


Table 7. Specifications of Typical Freon Flooded Water Coolers 
with Finned Copper Tubes, |-in., 16 Fins per in. 


Steel 

diam, 

in. 

Length, 

ft 

No. 

tubes 

Surface 
area, 
sq ft 

Weight, 

lb 

Normal 

capacity, 

tons 

10" MTD 

B fpB vel 

Freon 

charge, 

lb 

16 

12 

52 

320 

1,530 

32 

236 

20 

12 

lOB 

665 

2,225 

66 

520 

24 

12 

200 

1,235 

3.210 

124 

919 

30 

12 

33B 

2,0B0 

4,660 

20B 

1,590 

36 

12 

564 

3,475 

7,215 

34B 

2,620 

42 

12 

764 

4,700 

9,940 

470 

3,600 

50 

12 

1,250 

7,700 

14.315 

770 

5,900 
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D 

U 

deg F 

litu -per sq ft 
hr F 

8 

80 

10 

105 

12 

no 

15 

115 


Other manufacturers have based their rat¬ 
ings on varying water velocities rather 
than mean temperature difference. 

The straight tube design, while having 
the disadvantage of lack of access to the 
water side, has the advantage that it may 
be re-tubed if necessary. Re-tubing, how¬ 
ever, is seldom necessary with Freon in 
the tubes, since there is little likelihood 
of rupture due to freezing. From the prac¬ 
tical standpoint, the removability of the 
U-tube bundle is not too great an advan¬ 
tage. 


Shell-and-Coil Coolers 

The shell-and-eoil cooler has its applica¬ 
tion chiefly in drinking water systems, for 
bakeries and photographic laboratories. It 
consists of a steel or alloy tank with a cir¬ 
cular coil in which the refrigerant is cir¬ 
culated. The water or brine is in the tank 
outside the coil, as in Fig. 11. This is gen¬ 
erally a dry expansion application, for the 
reason that the resistance to heat transfer 
is so much greater on the water side than 
on the Freon side, that there is little point 
to going to further complication than the 
simple thermal expansion valve. This type 
of cooler has the advanbage of fl 3 '’wliecl ef¬ 
fect, making it popular for applications 
where peak loads are high and infrequent. 

There are a number of p])erialty appli¬ 
cations of small watOi coolers for the same 
purpose as the sbell-and-cnil, in two of 



SOCKET FOR 
CONTROL lULI 


i 1 CONTROL VALVE ^ ' V I I 

LIpUID FROM RECEIVER'^ 

Fig. 9. Typical Thermal Valve Hook-up of Freon Water Cooler 
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which an attempt is made to obtain the 
efficiency of a high-velocity evaporator 
combined with the holdover effect of a 
tank cooler. This has the disadvantage that 
once the incoming water has passed the 
high-velocity evaporator, it must have 
been cooled, since it is non recirculated. 
The arrangement does not allow the con¬ 
tinuous cooling at low average rate as in 
the simple pressure tank or shell-and-coil 
cooler. Also, the high-velocity cooler can 
freeze and cause damage to the coil, where¬ 
as this is very unlikely with the shell-and- 
coil type. Due to icing, these coolers 
should not be used where it is desired to 
cool water below about 38 F. 


The Baudelot Cooler 

There are many industrial application? 
requiring water chilled to 35 F, sometimes 
as low as 33 F. Shell-and-tube or shell-and- 
coil coolers are not suitable for this service 
as they will ice up. The Baudelot cooler of 
Fig. 12 lends itself very well to producing 
near-freezing temperatures. Although it, 
too, can ice up, no damage can be done, 
and since it is open to visual inspection, ice 
build-up can be controlled. It consists of a 
series of pipes one under the other, through 
which refrigerant circulates and over which 
the water to be cooled trickles down in a 
thin film from an overhead pan in which 
small distributing holes are drilled. A more 
modern design comprises stamped corru¬ 
gated stainless steel sheets in which the 
corrugations form channels for the refriger¬ 
ant flow. The sheets are highly polished 
and form a sanitary, easily cleaned sur¬ 
face. Also, they provide a continuous sur¬ 
face offering better control of water dis¬ 
tribution. 

Ammonia type is usually flooded, using 
the conventional gravity feeil system with 
surge drum and low pressure float. Freon 
type is usually either dry expansion or 
combination dry and flooded. 

The double-pipe cooler is not used very 
widely in modern practice for other than a 
few specific applications. It is used in the 


SUCTION PHC55UHE 
REGULATINli 
VALVE 


SURGE DRUM 


FLOAT VAIVC 



HIGH 

EFFICIENCV 

COOLING 

COIL 


Fig. 12. Baudelot Coolsr 
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cooling of wine and beer dur¬ 
ing manufacture and in the 
oil refining industry for oil 
chilling. The cooler is efficient, 
being adaptable to counter¬ 
flow, but takes up more space 
than the shell-and-tube type, 
has more refrigerant side fric¬ 
tion and is not readily clean- 
able. It is virtually obsolete 
for cooling of water or brine. 

Tank-Type Cooling 
Systems 



Fig. 13. Typical Boiler Type Coil with Flooded Control 


The tank or boiler-type 
coil system (Fig. 13) for cooling brine or 
water has been in almost universal use for 
large systems for many years, where sani¬ 
tation is secondary. A large steel tank 
contains the fluid to be cooled. At one side 
or the center of the tank is placed a closely 
nested set of pipe coils, baffled off from 
the tank proper and fitted with an agitator 
to circulate the brine or water in the tank 
over the coils at a relatively high velocity 
(lOOto 150fpm). 

The agitator circulates large quantities 
of brine or water to maintain uniform 
temperatures throughout the tank with 
total temperature difference less than 1 
deg F. Coils arc usually arranged with 
short length of travel from liquid to suc¬ 
tion header to minimi/ie refrigerant pres¬ 
sure drop. In an alternate arrangcineiit to 
the one shown, the coils are bent in Y-form 
between the headers. 

This same type of system is used for 
freezing ice in can-type tanks. The tank is 
enlarged to accommodate the ice cans with 
brine flowing past the cans at approxi¬ 
mately 25 fpm. 

Typical performance of these coils is 
given in Table 8. For flooded ammonia 
operation, correction must be made for 
static height of liquid from liquid level in 
surge drum to liquid header. 

Some ice-making tanks still use flat coils 
between rows of cans, usually controlled 
by hand expansion. Heat transfer values 
for these coils are given in Table 1. 

Brines 

Calcium chloride brine is used for most 
industrial refrigeration jobs. Sodium chlo¬ 


ride is used in open spray systems where 
contact of vapor with food is involved. Its 
heat transfer characteristics arc very sim¬ 
ilar to calcium chloride. Calcium chloride 
is seldom used below —.'10 F because of 
poor heat tiajisfer due to its increasing 
viscosity. For very low temperatures, 
methanol and chlorohydrocarbon liquids 
can be used. Two of these which have been 
used in recent years to temperatures as 
low as —100 F arc methylene chloride and 
trichlorethylenc. Some of their properties 
are shown in Table 9. 

Oil and Heat Exchangers 

Since the presence of oil in evaporators, 
although unavoidable, interferes with per¬ 
formance, means should be provided to 
reduce the quantity as much as possible. 
In ammonia coolers the oil, being heavier 
than the refrigerant, usually settles out at 
low spots from which it can be drained. 

With rrcon-12, oil raises the boiling 
point one degree for each 5% of oil pres¬ 
ent. Also, oil is miscible with liquid Freon- 


Table B. Typical Performance of 
Boiler Type Coils (High Velocity) 

(Overall heat transfer, Btu pur sq ft hr deg F) 


Velocity, 

fpm 

Water 

Brine 

30 F 

15 F 

0 F 

-15F 

50 

65 

52 

47 

42 

38 

75 

SB 

72 

66 

60 

53 

100 

110 

94 

B5 

77 

68 

125 

132 

116 

105 

95 

84 

150 

150 

133 

121 

109 

97 
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Table 9 . Properties of Chlorohydrocarbon 
Liquids 



Methylene 

chloride 

Trichlor- 

ethylene 

Freezing pt. F 

-142.1 

-126.4 

Sp ht Bt -22 Fp 



Btu/lb/F 

0.275 

0.222 

5p gr at —22 F 

1.42 

1.5S 

Viacosity, centlpoiBeS 



at -4F 

.676 

.90 


12 and cannot be drained to atmosphere. 
Various recovery devices are available to 
“still" some of the oil and return it to the 
compressor, thus maintaining a tolerable 
oil concentration (not more than 10%) in 
the cooler. For float-controlled flooded 
coolers, the oil still is commonly used. It 
is a form of double-pipe heat exchanger 
using liquid to the cooler as a source of 
heat. A sample of liquid in the cooler is 
passed through the still, the liquid evapo¬ 
rated and the remaining oil returned to the 
compressor. 

Suction-line heat exchangers are used 
with Freon-12 evaporators for a two-fold 
purpose: (a) to assist in oil return, and 
(b) to serve as liquid precoolers. As oil re¬ 
turn devices, they apply particularly to 
thermal expansion valve fed evaporators, 
where the superheat required to operate 
the expansion valve is produced in the heat 
exchanger with warm liquid as the source 
of heat. This action forces some liquid-oil 
mixture spill-over from the evaporator. 
The exchanger evaporates the liquid and 
permits the oil to return to the compressor 
via the suction line. Used as liquid precool¬ 
ers, heat exchangers can show some gain in 
overall system capacity. They have been 
thoroughly discussed by Crainptoii,^ New- 
cum* and St. Onge.® The theoretical gain 
is about 0.5% per degree subcooling of 
warm liquid. Great care should be taken in 
their application to avoid suction-line pres¬ 
sure drops which can overbalance the pos¬ 
sible gain. 


The gravity feed system has long been 
employed to control refrigerant flow 
through evaporators, particularly those 
comprising some form of pipe coil, al¬ 
though it has also been applied to shell- 
aiid-tube type apparatus. Its main func¬ 
tion is to insure thorough flooding of the 
evaporator, at the same time protecting 
against liquid carry-over to the compres¬ 
sor. It consists of a surge drum elevated 
above the evaporator, a liquid feed leg con¬ 
necting the bottom of the surge to the bot¬ 
tom of the evaporator, and a return line 
from the top of evaporator to surge drum, 
as shown in Fig. 12. In principle, it is 
based on the fact that the return leg, in¬ 
cluding the evaporator, being a mixture of 
liquid and gas, is lighter in weight than 
the liquid feed leg containing solid liquid. 
The effect is not only to flood the evapor¬ 
ator, but actually to recirculate liquirl re¬ 
frigerant, the rate of recirculation being 
dependent on the difference in weight of 
the two columns, a function of the heat 
per sq ft of evaporator surface. The surge 
drum serves as a separating chamber to 
return liquid to the evaporator and insure 
dry gas to compressor. Liquid level in the 
surge drum is usually controlled by means 
of a low-pressure type float expansion 
valve, although drain-type floats anti 
thermal valves arc sometimes used. 

Liquid and return lines and pipe coil cir¬ 
cuits should be sized for very low friction, 
as the success of the system depends 
on circulation by means of gravity flow 
only. 
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27. LOW TEMPERATURE SYSTEMS 


I. Operation and Practice 

RIOR to World War 11 applications of 
refrigeration equipment for the produc¬ 
tion of temperatures below approximately 

— 40 F Were unusual, except for cases of 
liquefaction of air and various other gases. 
Due, however, to aircraft developments 
and the higher altitudes at which planes 
were flying, it became necessary to develop 
a program for "altitude testing" of the 
various components of an aircraft system 
that were affected by low temperatures and 
high altitudes. These developments added 
to the need for test facilities at tempera¬ 
tures ranging from — 40 F on down. 

For refrigerant temperatures above 

— 40 F single-stage operation is generally 
satisfactory. This, however, can only be 
achieved under favorable circumstances 
with normal condensing temperatures, due 
to the high compression ratio across the 
refrigerant compressor and the consequent 
inefficiency of the compressor. In general 
then, the production of temperatures below 

— 40 F requires a somewhat special tech¬ 
nique, different from that commonly used 
with the ordinary refrigeration compressor. 

Freon Equipment Well Adapted 
to Low Temperatures 

Ammonia, long used for refrigeration at 
all levels of temperature, has been success¬ 
fully employed for the production of re¬ 
frigeration temperatures as low as —90 F. 
This is approximately the low level for 
ordinary use, inasmuch as it approaches 
the triple point of —107.86 F. Very satis¬ 
factory results have been obtained using 
ammonia, but most manufacturers employ 
low-speed compressors for ammonia duty 
as compared with the commonly used high¬ 
speed Freon compressors. In addition, the 
compact, highly efficient and inexpensive 
low-sides that can be employed with the 
Freon refrigerants are not generally avail¬ 
able for use with ammonia. 


Freon-12 and Freon-22 are also com¬ 
monly used for the production of low re¬ 
frigerant temperatures. Freon-12 is satis¬ 
factory for use down to approximately 0.5 
psia, which corresponds to an evaporator 
temperature of —125 F. Freoii-22 can be 
used to a somewhat lower temperature if 
the same limitation on absolute pressure at 
the compressor suction prevails, making 
the low limit for this refrigerant about 
— 137 F. However, when using reciprocat¬ 
ing compressors it is inadvisable to apply 
these limits, — 115 F lieing a practical limit 
for FrBOn-12 rind —125 F for Freon-22. 

To illustrate the compression ratios in¬ 
volved in the compression of various re¬ 
frigerants from low temperatures, Fig. 1 
shows the overall compression ratio for am¬ 
monia, FrGon-12, and Freon-22 from suc¬ 
tion temperature to a fixed condensing 
temperature of 100 F. 

At the lower temperatures and ex¬ 
tremely low absolute pressures, a very low 
density gas is available at the suction of 
the compressor. It is therefore essential 
that suction valves with little or no spring 
tension be employed to insure the filling of 
the cylinder in the suction stroke. 

When handling rare gas, ample coiisid- 



Fig. 1. CompreBBion RkUo versus Suction Tem¬ 
perature at 100 F CDudensing Temperature for 
Freon-ZZ, Freon-lZ, and NH| 


14571 
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eration must also be given to the effect of 
suction line superheating of the gas as well 
as cylinder reheating inside the compres¬ 
sor. Due allowance must therefore be made 
for the increase in gas volume which re¬ 
quires greater compressor displacement 
than would theoretically be considered. 
Centrifugal compressors and rotary com¬ 
pressors have also been used satisfactorily 
as boosters on low-temperature refrigera¬ 
tion, when the volume of gas handled war¬ 
rants the selection of these somewhat larger 
compressors. Use of the centrifugal com¬ 
pressor and rotary compressor has been 
very satisfactory, due to lack of difficulty 
with the valves, as mentioned above with 
the reciprocating compressors, and also 
due to the minimizing of reheating of the 
gas when entering the compressor. 

Compressor displacement may be ob¬ 
tained from Fig. 2, which shows cfm per 
ton for the various refrigerants. In deter¬ 
mining these displacements, it is necessary 
to use the volumetric efficiency for the 
compressor involved. These displacements 
have been computed from the thermo¬ 
dynamic properties of the refrigerants, us¬ 
ing a reheat factor based on figures ob¬ 
tained in practice. Furthermore, it has 
been assumed that a maximum compres¬ 
sion ratio of 0 was used on the compressor, 
which in turn fixed the maximum amount 
of litpiid cooling available. 

Except for the fact that rreon-22 has 
higher absolute pressures and therefore can 
be used satisfactorily to somewhat lower 
temperatures, there is little to choose be¬ 
tween Freon-12 and FreoM-22. Frcon-22 re¬ 
quires somewhat smaller compressor dis¬ 
placement, permitting a first cost saving in 
this item. The compressor, however, runs 
somewhat hotter since Freon-22 has a 
higher adiabatic exponent than Freon-12. 
Since the heat transfer equipment will be 
identical for Freon-12 and Freon-22 and 
the motor horsepower will be about the 
same, the overall saving in the system is 
Binall with Freon-22. Its use, however, is 
justified in many cases on the basis of the 
small compressor size and somewhat higher 
suction pressures involved. A further prac¬ 
tical advantage of FreDn-22 is that smaller 
refrigerant quantities are in circulation 
through the mains which, coupled with the 
higher density, leads to somewhat smaller 



Fig. 2. CFM/Ton versus Suction Tempera¬ 
ture at Liquid Temper&ture Based on 6 Ratios of 
Compression 

line sizes, with a consequent saving in cost 
of the line and insulation. 

As previously mentioned, Freon equip¬ 
ment is preferred to ammonia equipment 
due to the high speeds used with Freon 
equipment and the resultant saving in size 
involved. It should also be understood that 
Freon is preferable because of the inherent 
advantage of a refrigerant that is non¬ 
flammable and non-toxic. Its hazard in use 
is considerably less than that of ammonia. 

Multi-Stage Compression Systems 
Required 

Whether a two or three-stage compres¬ 
sion system is to be used is dictated by the 
limitations of compression ratio on the 
compressors involved, as well as by oper¬ 
ating cost and first cost. This is true when 
deciding whether to run one or two-stage 
compression, or whether to run two or 
three-stage compression. In general, prac¬ 
tice has indicated that, for temperatures 
below — 75 F, three stages of compression 
are usually required. 

In order to give some idea of the horse¬ 
power per ton requirements, Fig. 3 has 
been prepared, showing the approximate 
indicated horsepower per ton for the vari¬ 
ous refrigerants employing two or three- 
stage compression. 

For the production of temperatures be¬ 
low —40 F multi-stage compression in 
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soiiiR form is generally required. The first 
and most simple moiliod of multi-stiii^e 
fompressioii involves the use of compres¬ 
sors in series, the dischari^e of the low- 
stiij^e compressor being the suction of the 
intermediate or high-stage compressor. 
Usual practice limits the selection of com¬ 
pressors to two or three stages. 

The second method, called the cascade 
system of refrigeration, employs a series of 
gases of progressively lower boiling points. 
Each gas is used as a cooling medium to 
condense under pressure the gas of the next 
lower boiling point. This method is often 
used in the liquefaction of nitrogen. 

For the common applications of low- 
temperature refrigeration encountered dur¬ 
ing the war, there is little justification for 
using a cascade system in the range of 
temperatures from —40 F down to ap¬ 
proximately — 135 F. Below the figure of 
about —135 F its use is justified with a 
refrigerant such as ethylene or several re¬ 
frigerants of the Freon series which are 
not yet readily available. In these cases 
the cascade system is justified only be¬ 
cause the pressures involved at normal con¬ 
densing temperatures are so high as to re¬ 
quire special high-stage compressors. Ad¬ 
vances in the art of low-temperature re¬ 
frigeration have indicated that there is 
little or no reason for cascading when using 
Freon-12 or Freon-22 as the low tempera¬ 
ture refrigerant. 

One of the objections to the use of a cas¬ 
cade system lies in the fact that there must 


be an overlap of temperatures in the con¬ 
denser for one refrigerant, which con¬ 
denser is the evaporator for the next higher 
stage refrigerant. This overlap of tempera¬ 
tures often leads to inefriciencies in opera¬ 
tion, with somewhat greater displacement 
and horsepow^er being required. Further¬ 
more, it has been found to be extremely 
difficult to operate a cascade condenser 
with a pressure much below 5 psig. At¬ 
tempts to operate in a vacuum or at ap¬ 
proximately atmospheric pressure have not 
been too successsful. due to the fact that a 
small amount of air in the condenser cuts 
the condenser perfornianci considerably. A 
further difficulty with cascade condensers 
when operating at low condensing pres¬ 
sure is that the differential between tlie 
evaporator pressure and cniulenser pres¬ 
sure is so small as to make dillicult the use 
of commonly i mployed refrigerant control 
devices, Bu ;h as thermal valves or floats. 
The low pressures involved makes the use 
of extremely large control valves manda¬ 
tory. 

Use of Intercoolers 

It therefore ajiiiears that compound 
compression or multi-stage compression is 
desirable whenever conditions permit. The 
operation of a multi-stage cornpre.ssion sys¬ 
tem requires cooling id the gas between 
stages in order to ]) re vent overheating of 
the compressor when taking in a highly 
super-heated gas wdtli a consequent rise in 
temperature through the comiiressor. At 
the same time it is desirable to employ 
liquid cooling between stages to increase 
the availability of the liquid delivered to 
the evaporator and tliereby reduce the 
volume requirements of the low-stage com¬ 
pressor. Intercooling is more important 
with ammonia equipment than with Freon 
equipment because of the higher adiabatic 
exponent for ammonia. Liquid cooling is, 
however, more important with Freon than 
with ammonia, since the Freons have lower 
latent heats and any increase in availabil¬ 
ity is therefore of more significance. 

With multi-stage compression, and with 
the discharge temperatures generally en¬ 
countered, it is essential to provide for 
inter-stage gas cooling. With Freon re¬ 
frigerants this is readily accomplished with 
small equipment and thermal valves. Un- 
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fortunately, thermal valve control of am¬ 
monia intercoolers is not feasible, making 
the use of float-controlled intercooling 
equipment necessary. 

Intercooling equipment has two duties 
to perform; (1) to cool the gas to each 
machine; and (2) to cool the liquid am¬ 
monia on its way from the high-stage con¬ 
denser to the low-stage evaporator. The 
most important function is that of gas 
cooling, to avoid burning up the machines 
due to high discharge temperatures. The 
least important function is the liquid cool¬ 
ing, since the ammonia liquid cooling is 
not so important as with Freon due to the 
difference in latent heat of the two refrig¬ 
erants. 

Two types of ammonia-cooled intercool¬ 
ers are generally used for a combination 
of gas and liquid cooling: 

1. Flash-type gas and liquid cooler 

2. Shell-and-coil gas and liquid cooler. 

Doth types cool gas by bubbling it up 

through a body of liquid at some inter¬ 
mediate temperature. The shell-and-coil 
cooler provides cold liquid by means of a 
surface-type heat exchanger, in which a 
pipe coil is submerged in cold liquid of 
intermediate temperature, and through 
which coil the liquid to be cooled flows on 
its way to the low-stage evaporator. The 
flash-type cooler separates the liquid and 
flash gas resulting from the expansion of 
liquid at condenser pressure to the inter¬ 
mediate pre.ssure; in the course of the ex¬ 
pansion, the liquid is cooled to intermedi¬ 
ate temperature. 

Figs. 4 and 5 show diagraminatically 
these two forms of intercoolers for use with 
ammonia. They are generally sized as a gas 
and liquid separator, insuring a velocity 
sufficiently low that liquid may be sepa- 
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Fig. 4. Flash-Typs Intercooler 



Fig. 5. SheU-and-Coil Gas and Liquid Cooler 

rated from the gas which is withdrawn 
from the shell on its way to the compres¬ 
sor. 

Both types of ammonia intercoolers have 
merit. Utilizing the flash-type cooler makes 
it possible to cool the liquid proceeding to 
the evaporator down to the temperature 
corresponding to the intermediate pres¬ 
sure, at a sacrifice, however, of pressure dif¬ 
ferential which can be used for the opera¬ 
tion of liquid control valves at the evapo¬ 
rator. The advantages are two-fold in that 
a slight thermodynamic gain is obtained 
with the lower liquid temperature, and a 
simple piece of equipment is possible, since 
a bare shell is used in place of a surface- 
type cooler. 

The flash-type cooler, however, adds 
several disadvantages. The first is the loss 
of pressure dilTerentijil, which means large 
liquid control valves and possible sluggish 
action. Another disadvantage is that any 
heat pick-up in a long liquid line between 
the flash-type cooler and the liquid control 
valve means that gas is generated in the 
liquid line. Such gas is extremely difficult 
to get through the liquid control valve and 
as a consequence the control valve be¬ 
comes gas-bound. On three-stage ammonia 
systems the last stage of liquid cooling 
should always be made shell-and-coil type; 
if this is not done, on this third stage there 
would be very little pressure differential 
remaining to drive the liquid into the 
evaporator. 

When only gas cooling is required be¬ 
tween machines, the flash-type cooler may 
be utilized with the omission of the liquid 
connection to the LP evaporator. 

A piece of intercooling equipment often 
used in connection with ammonia systems 
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Fig. 6 . Freon Liquid and Gh.s Cooler Hook-up 


is LI water-cooled gas cooler. Due to the 
fact that the discharge temperature from 
some of the compressors is sufficiently high 
to permit cooling by the use of water, these 
coolers are sometimes used. The amount of 
heat that they take out of the gas is, how¬ 
ever, so small that no appreciable operat¬ 
ing saving can be made. The slight savings 
that can be made in operating cost are in 
most cases overshadowed by the initial in¬ 
vestment requirement for the piece of 
equipment as well as the additional cost of 
installation. 

Both flash-type and shell-and-coil type 
liquid and gas coolers were used at one 
time on Freon systems, but they have been 
largely replaced by the shell-and-coil type 
liquid cooler, which is considerably simpler 
and is used only for cooling of the liquid. 
Gas cooling is obtained by proper mixing of 
the wet vapor with superheated discharge 
gas from the compressor. Fig. 6 indi¬ 
cates a typical hook-up showing the posi¬ 
tion at which the thermal valve bulb is to 
be located to provide for the proper gas 
cooling. 

Use of Oil Separators 

The oil problem in connection with the 
compressors used on low-temperature re¬ 
frigeration systems has been minimized by 
the use of oil separators. On a multi-stage 
compression system using shell-and-coil 
intercoolers, the discharge line oil separa¬ 
tor on the high-stage compressor is all that 
is required to keep the oil in circulation in 
the system to a minimum. On systems us¬ 
ing flash-type intercoolers it is essential to 
use a discharge line oil separator not only 


on the high-stage compressor but also on 
the compressor discharging into the flash- 
type intercooler. The use of discharge line 
oil separators keeps the oil where it belongs 
—in the compressors, allowing a minimum 
to go over to the low side. 

In the case of ammonia systems, oil on 
the low side is detrimental to heat transfer 
effect, since the oil film has low thermal 
conductivity and tends to produce poor 
heat transfer. This same effect is not, how¬ 
ever, encountered with Freon systems, be¬ 
cause in the case of Freon-12 the oil and 
Freon are completely miscible, and it takes 
considerable oil concentration in the re¬ 
frigerant to effect heat transfer. In the 
case of Freon-22, there is a separation of 
oil and Freon and the oil forms a separate 
phase lying on top of the Frcnn, not block¬ 
ing the heat transfer surface nor causing 
too much dilHculty in operation. 

Oil can, however, cause some difficulty in 
ammonia and Freon-22 systems in con¬ 
nection with the operation of the liquid 
control devices. If too much oil circu¬ 
lates with the liquiil refrigerant, it tends to 
accumulate in the liquid control valve, 
gumming up there and blocking off the 
flow of refrigerant through the valve. The 
u.se of the discharge line oil separator gen¬ 
erally keeps down the flow of oil with the 
liquid to the point where no difficulty is 
encountered. 

Due to the low mass flow of refrigerant 
through the cornpres.sor when operating at 
these low ternpcr:iture.s, the compressors 
tend to overheat. For small-size compres¬ 
sors with splash lubrication the surface 
area of the coiTipre.ssor is generally suffi¬ 
ciently large to dissipate this heat without 
difficulty. However, with larger compres¬ 
sors this is not the case, but fortunately 
many of these comprtissors utilize forced 
feed lubrication of the various rubbing 
surfaces, and, therefore, it is possible to 
add an external oil cooler to the oil circuit. 
This effectively removes the heat and 
maintains the oil at a temperature that 
does not cause difficulty in operation. 

Sizing of Motors 

As in all low temperature applications, 
the compressor can run under heavy loads 
during periods of high suction pressure, 
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especially when starting when the system 
is warm. To take care of this situation it is 
therefore necessary to make adjustments 
to the motor horsepower and thereby pre¬ 
vent serious overloading of the motor dur¬ 
ing the starting period. Careful considera¬ 
tion must be given to sizing the motor, or 
special attention must be paid to the oper¬ 
ation of the system when starting initially. 
If the compression system is to operate 
only at a fixed low temperature, it is gen¬ 
erally possible to avoid the oversizing of 
motors to any great extent, providing for 
careful operation when the system is first 
put on the line. This method will permit 
putting in motors for the actual operating 
brake horsepower without any additional 
motor sizing. 

For those cases where a definite pull¬ 
down time is required for the reduction in 
temperature from ambient conditions to 
some extremely low tempers tures, the com¬ 
pression system will be operated at high 
suction pressures for considerable periods 
of time. For this reason it is necessary to 
oversize motors. General practice is to 
drive the high-stage compressor with a 
motor that will carry the compressor at the 
highest expected evaporator temperature. 
This is generally the "air conditioning" 
rating of the unit, in the case of Freon 
units. For intermediate or low-stage com¬ 
pressors, it is generally sufficient to size the 
motor to take care of double the balance 
load indicated horsepower plus the friction 
horsepower. 

In line with recommending larger motors 
in cases requiring a pull-down, it is also 
necessary to give some consideration to 
the condenser that is used. It is generally 
advisable to oversize the condenser to some 
extent, certainly making it larger than the 
size required for the balanced load condi¬ 
tion. Water-cooled condensers are not too 
critical in this regard, but extreme caution 
mij«t be taken with economizer or evapora¬ 
tive condenser applications, since this type 
of condenser is more easily overloaded than 
the water-cooled condenser. 

Use of Low Sides 

Some mention should be made of the low 
sides that are generally used in low 
temperature refrigeration. With ammonia 
systems, gravity-feed air coils ore fre¬ 


quently used with a large surge drum, re¬ 
frigerant flow being controlled by a high- 
side float. Flooded shell-ond-tube coolers 
are also used for cooling liquids such as 
trichlorethylene or methylene chloride. 

For Freon-12 or Freon-22, various types 
of coils are used for cooling air, depending 
to a great extent upon the temperature 
level and the type of application. For 
rooms having considerable mass in which a 
slight variation of temperature of the air 
off the coil is not critical, thermal valves 
and direct expansion coils can be used 
satisfactorily for air temperatures down as 
low as approximately —70 F. Over the 
same temperature level, for wind tunnel 
applications, the direct expansion coil docs 
not give as satisfactory results because of 
fluctuation in air temperature during a 
thermal valve cycle. For this reason 
gravity-feed coils have been utilized to 
avoid the cycle of the thermal valve and 
maintain reasonably uniform air tempera¬ 
tures leaving the coils. 

As temperatures get well below^ —70 F, 
it is not possible to allow the necessary 
refrigerant pressure drop through the 
direct expansion coils, nor is it always pos¬ 
sible to take the static head penalty that 
results with the gravit 3 '^-feed coil. It is 
therefore essential on these applications to 
resort to pump recirculation of the refriger¬ 
ant through the coils, using a down feed of 
the evaporator coil and thereby preventing 
static head penalties. In this type of pump 
recirculation, evaporation of the refriger¬ 
ant takes place inside the tubes of the 
evaporator and a mixture of gas and liquid 
returns to a pump receiver in whieh the 
liquid and gas are separated, the liquid re¬ 
circulating by means of the pump and the 
gas returning to the compressor. 

Another type of liquid recirculation is 
sometimes used on temperatures below 
— 70r, depending to a great extent upon 
the size of the job and the space require¬ 
ments for the evaporator itself. This meth¬ 
od involves the circulation of the refriger¬ 
ant in the liquid phase, refrigeration ef¬ 
fect being taken care of by a warming up 
of the liquid refrigerant as it passes through 
the evaporator. The liquid refrigerant 
which is maintained under pressure is then 
allowed to flash into a large vessel, this 
flashing serving to reduce the liquid re- 
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frigerant to the pressure and temperature 
being maintained by the compressor. The 
liquid and flash gas are separated in the 
vessel and the liquid is then recirculated by 
means of the pump through the coil. The 
gas is taken to the compressor to complete 
its cycle. 

For cooling liquids such as trichlor- 
ethylene or methylene chloride, shell-and- 
tube equipment is used with flooded opera¬ 
tion for the small sizes where static head 
penalty is not too severe, and for larger 
sizes the liquid refrigerant is sprayed on 
the outside of the tubes. 

Selection and Operation 
of Controls 

Numerous types of liquid refrigerant 
control are available for use on low tem¬ 
perature systems. For both ammonia and 
Freon, high-side floats are preferred to 
low-side floats if there is any choice. High- 
side floats operate at a much higher tem¬ 
perature level as far as the float body and 
orifice are concerned, and therefore are less 
susceptible to diflicultios from temperature 
variations or oil in circulation. 

Where liquid coolers are used for pre- 
cooling of the liquid on the way to the 
evaporator, a pilot-type high-side float is 
necessary. This is true inasmuch as it is 
desirable to keep the condenser drained, 
but at the same time insure a seal on the 
liquid line to evaporator. 

Fig. 7 illustrates a form of pilot-type 
float which uses a float switch in conjunc¬ 
tion with a solenoid valve close to the evap¬ 
orator. Low-side floats can also be used 
where there are multiple evaporators. Care 
must, however, be taken to avoid congeal¬ 
ing oil in the float body which can cause 
considerable difficulty. Liquid legs from 
the evaporator to the float must be care¬ 
fully trapped and the line sizes should be 
kept large. 

It should be noted that neither type 
float automatically provides for oil return 
to the compressor on Freon systems. It is 
sometimes possible to utilize an oil still on 
a float control job. The oil still is best used 
in conjunction with a liquid refrigerant 
pump, which can be used to provide suffi¬ 
cient lift for a small sample of the refriger¬ 
ant that can be put through the oil still. 
The oil still merely takes heat from the 


liquid refrigerant at a higher temperature, 
boiling off the refrigerant and sending a 
mixture of refrigerant gas and liquid oil 
back to the compressor. 

Automatic oil return can be obtained on 
Freon systems using a properly installed 
thermal valve feed. Thermal valves can be 
used for direct-expansion coils or can be 
used to feed refrigerant to a surge drum on 
gravity-feed jobs. In both cases it is ad¬ 
visable to utilize a superheater in conjunc¬ 
tion with the evaporator, to provide dry 
refrigerant gas returning to the compressor 
and also give sufficient power for the oper¬ 
ation of the thermal valve. 

The operation of the sy.stem also calls for 
the use of a suitable low temperature lu- 
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Fig. 7. Pilot High-Pressure Float 


bricant. Thi.s is not necessary from the 
standpoint of the compressor, hut once it 
is recognized that some of the oil from the 
compressor inevitably passes over to the 
low side, its need can be seen. The oil that 
is used should he water-free for use in all 
refrigerant systems and should also be as 
wax-free as possible. It has generally been 
noted that wax comes out of solution at 
lower temperatures and can easily accumu¬ 
late at control valve orifices, thereby caus¬ 
ing a restriction. The oil should also have 
a sufficiently low pour point that it does 
not congeal in the lines. This is more im¬ 
portant with ammonia than it is with 
Frcon-12, since the solution of Freon-12 in 
the oil effectively depresses the pour point. 
This is true also to some extent in the case 
of Frcon-22, although separation of oil and 
Freon into two separate phases takes place 
at temperatures as high as 20 F. 

The control of the refrigeration of low 
temperature systems depends to a consid¬ 
erable degree upon the application itself. 
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Starting and stopping of the compressors 
has been utilized to maintain temperatures 
in large spaces where there is considerable 
flywheel effect. It is necessary, however, 
to have some temperature fluctuation in 
order to actuate the temperature control¬ 
ler, which causes the temperatures to vary 
inside the conditioned space. Where these 
variations are not too serious, and suffi¬ 
cient temperature change can be utilized 
to prevent short cycling of the equipment, 
reasonably satisfactory results can be ob¬ 
tained. For multi-stage compression sys¬ 
tems this means that some provision must 
be made for time delay between motor 
starters in order to prevent all machines 
from coming on the line at once. 

If too close a temperature control is not 
required, it is often possible to permit the 
machines to rebalance at lower tempera¬ 
tures, since as suction temperature is re¬ 
duced machine capacity falls off very rap¬ 
idly. This slip in temperature is generally 
not too great as long as excess capacity has 
not been provided for a pulldown or for 
large operating loads that may fail to exist. 

It is also possible to throttle the suction 
to the low-stage compressor, thereby pro¬ 
viding for temperature control. This is gen¬ 
erally dangerous from the standpoint of 
the machine since it causes the machine to 
run considerably hotter than normal, and, 
in the case of forced feed lubrication of the 
compressor, may cause the oil pump to fail 
because of too low an absolute pressure 
suction to the oil pump. When the dangers 
involved in the use of a throttled suction 
are recognized and suitable provision is 
made against the difficulties that may be 
encountered, this method does give reason¬ 
ably good control. 

One of the best methods for temperature 
control that can be made automatic is 
“hot gas bypass," which provides for 
artificially maintaining the load on the 
compression system by supplying gas from 
the high side through a control valve, 
supplementing the gas that is obtained 
from the low side. As the load falls off and 
less gas is provided by the low side, more 
gas is provided through the hot gas bypass 
control valve. This method takes more 
operating horsepower but gives very close 
control of the system. 


II. Gas Liquefaction and Dry Ice 

1. Low temperature refrigeration sys¬ 
tems had their laboratory development in 
the liquefaction of the so-called “perma¬ 
nent gases" such as air, oxygen, nitrogen, 
and later hydrogen and helium. The first 
commercial development of low tempera¬ 
ture refrigeration was effected by the at¬ 
tempt to extract pure oxygen from air by 
first liquefying air and then recovering 
the oxygen in a relatively pure state by 
fractional distillation. After the principle 
of separating a gas mixture by liquefaction 
and distillation was successfully applied 
to air, the technique was extended to the 
recovery of helium from natural gas, and 
hydrogen and ethylene from petroleum 
cracking still gases, as well as to the 
separation of the rare gases such as argon, 
xenon, and krypton from air. 

In some of the simple types of gas liquc- 
fiers the gas itself acts as the refrigerant. 
In other types, greater efficiency is obtained 
by employing separate refrigerants. In all 
liquefying machines the gas must be under 
sufficient pressure that it can be allowed 
to expand to a lower pressure, causing a 
lowering in temperature by either of the 
two following methods: 

a. Joule-Thomson expansion—adiabatic 
irreversible expansion of gas at high 
pressure to a lower pressure with a 
lowering in temperature. At the end 
of the expansion process the gas is 
at a lower temperature and lower 
pressure, with an entropy increase. 

b. Expansion of the gas reversibly or 
irreversibly in a machine in which 
it can perform work; the gas under¬ 
goes a decrease in temperature, pres¬ 
sure, and enthalpy. 

For a particular gas at a chosen initial 
temperature and pressure expanding to a 
chosen final pressure, the expansion (with 
work produced) will result in a greater 
lowering of temperature than the adiabatic 
Joule-Thomson expansion. However, only 
in recent years has the expansion principle 
been used extensively. 

In all liquefying machines the gas can¬ 
not expand from a higher pressure to a 
lower pressure and have a sufficient re- 
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duction in temperature for liquefaction to 
occur, but the gas must first be cooled to 
a sufficiently low temperature that the 
final expansion is below the critical tem¬ 
perature. For the cooling of the gas be¬ 
fore expansion another essential part of 
the liquefying machine, aside from the 
compressor and expansion valve, is a heat 
interchanger. Combination and modifica¬ 
tion of these three essential parts are used 
in various ways, as further described, in 
refrigeration systems. 


Linde or Hampson System 

2. This is the simplest type of liquefac¬ 
tion system, consisting of the three mini¬ 
mum parts, i.e., compressor, heat inter- 
changer and expansion 
valve. Fig. 8 is a sche¬ 
matic flow diagram of 
the liquefier. 

The air leaving the 
compressor A is under 
a pressure of 100 to 200 
atmospheres, cooled to 
about -120 C after leav¬ 
ing the heat in ter changer 
B, and expanded adia- 
batically to atmospheric 
pressure with a further 
drop in temperature to 
the boiling point. If the 
gas is compressed to 200 D 

atmospheres, about 10% 
of the gas leaving the ex¬ 
pansion valve C liquefies; 
the remaining unliquefied 
air passes through the cold side of the heat 
interchanger, cooling the high pressure gas 
from the compressor, after leaving the in¬ 
terchanger at a temperature about 2 or 3 
degrees above room temperature. The 
quantity of gas that liquefies after an 
expansion is a function of pressure and the 
thermal properties of the gas. 

This type of liquefier, because of its sim¬ 
ple construction, is often used where small 
quantities of liquefied gas are needed. 
However, if a more efficient machine is 
needed, this system can be modified and 
is designated as the improved Linde sys¬ 
tem. 



Fig- B. Linde 
System 


Improved Linde System 

3i In order to improve the efficiency of 
the Linde liquefiers a two-stage expansion 
and compression system was devised. Fig. 
9 indicates the arrangement of this system. 
The air is compressed by the first-stage 
compressor A to 40 at¬ 
mospheres; the second- 
stage compressor B A 
further compresses the 
gas to 200 atmospheres, fl 
The compressed gas 
then passes through the 
inter-coolers C and ex¬ 
pansion valve D, where 
the first adiabatic ex¬ 
pansion 1 educes the 
pressure to 40 atmos¬ 
pheres into chamber E. 

Here 20% of tlic gas is 
further expanded to 1 
atmosphere as it passes 
through expansion 
valve F into chamber 
G. For the final expan¬ 
sion about 8% of the Fig. 9 . Two-Stage 
original gas is liquefied. Linde System 

No liquid will result 

from the first expansion unless the tempera¬ 
ture in chamber E is below the critical pres¬ 
sure. For air this would have to be below 
—222 F. The optimum pressure for mini¬ 
mum power con.surnption per unit quan¬ 
tity of liquefied air produced is the same as 
the pressure given above, namely 40 at¬ 
mospheres. 

From chamber E about 20% of the air 
under 40 atmospheres is expanded on fur¬ 
ther to chamber G, while the remaining 
80% is returned to the compressor for re- 
compression. 

The expanded air from chamber F and 
part from chamber D pass counter-current 
to the incoming compressed air in inter¬ 
cooler C and then on to their respective 
compressor intakes. 

Economy in power expenditure is 
achieved in this scheme because a major 
portion of the air (about 80%) is com¬ 
pressed from 40 to 200 atmospheres in¬ 
stead of from 1 to 200 atmospheres. Since 
the energy required to compress a gas 
varies as the logarithm of the ratio of the 
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presBureB, the work of compreBsion from 
40 to 200 atmospheres is about the work 
of compression from 1 to 200 atmospheres. 
Further power economy can be achieved 
by precooling the compressed air by an 
auxiliary refrigeration cycle. 

Claude System 

4. As previously mentioned, the expan¬ 
sion of a gas under reversible conditions 
produces a cooling effect which is greater 
than an adiabatic irreversible expansion 
from the same initial condition to the same 
final pressure. The application of the above 
stated principle alone in the expansion of 
a gas in a cylinder to liquid has been found 
to be impractical at low temperatures, be¬ 
cause of the low efficiency of expansion 
and difficulty of lubricating the cylinder. 

The Claude system is a combination of 
both principles of cooling, i.e., the Joule- 
Thomson effect and the approximate re¬ 
versible expansion of the gas in an expan¬ 
sion engine. 

The Claude liquefier is schematically 
given in Fig. 10. The air is compressed to 
about 40 atmospheres by compressor A; 
the compressed air passes through the 
inter changer B and separates into two 
parts. One stream, about 20%, passes 
through the interchangers C and D and is 
finally expanded in valve F to container 
E at atmospheric pressure, where the liquid 
and vapor portions separate. The un¬ 
liquefied part from the expansion returns 
to the intake of the compressor after pass¬ 
ing through the three intercoolers D, C, 
and B. The remaining 80% of the stream 
that separates from the main stream be¬ 
tween in ter changers B and C is expanded 
in cylin<ier G of the expansion engine, and 
joins the returning low-pressure air from 
the inter changer D on its way back to the 
intake of the compressor. 

The theoretical power consumption for 
a given quantity of liquid produced is a 
function of the exhaust pressure of the 
compressor A, the fraction of the air that 
passes through the expansion valve and 
the inlet temperature of the air to the 
expansion engine. The conditions given 
above with an inlet temperature of about 
— 80 C are optimum for power consump¬ 
tion. 



Fig. 10. Claude Liquefier 


The difficulty of lubricating the cylinder 
of the expansion engine can be overcome 
to some extent by using leather or fiber 
piston rings, and according to Ilussian 
practice" the engines have been success¬ 
fully replaced by turbines in which the 
lubricating problem at low temperatures 
does not arise as the turbine bearings arc 
at relatively warm temperatures at which 
lubricating oil can be used. 

The poorer generated by the expansion 
engine is sometimes used to "help” the 
compressor through a belt connection. In 
other cases, the expansion engine may run 
a dynamo. 

Heyland System 

5. If the compressor discharge on the 
Claude system is raised to 200 atmospheres 
the optimum inlet temperature for the ex¬ 
pansion engine will be at approximately 
room temperature and the first intercooler, 
as shown in Fig. 10, is not needed. The con¬ 
ditions just described are requisite to the 
Heyland system. Such conditions arc of a 
practical advantage in that the difficulties 
of lubricating the cylinder of the expan¬ 
sion engine are lessened. Light lubricants 
have been found satisfactory. 

In the Heyland system minimum power 
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coTisumption for the 200 atmosphere com¬ 
pressor discharge is achieved by passing 
55 % of the air through the expansion eri- 
and the remaining 45% through the 
valve. Thus this liquefier differs from the 
Claude liquefier in which S0% of the air is 
expanded in the engine. 

Cascade System 

6 . The cascade system of refrigeration 
employs a series of gases of progressive 
lower boiling points. Each gas is used as 
a cooling medium to condense under pres¬ 
sure the gas of the next lower boiling point. 
This system was first proposed and em¬ 
ployed by Pictet* in 1S77 to liquefy oxy¬ 
gen. The intermediate gases chosen were 
sulfur dioxide and carbon dioxide. Kam- 
mcrlingh-Onnos^ developed a cascade sys¬ 
tem to liquefy oxygen and nitrogen, using 
as intermediate gases methyl chloride and 
ethylene. 

In the cascade system proposed by Kee- 
som*^ for liquefying nitrogen the following 
gases were employed in this respective 
order: ammonia, ethylene, methane, and 
nitrogen. This system is indicated in Fig. 
11 . The ammonia is compressed to 10 atmos¬ 
pheres by compressor Ai, liquefied at room 
temperature and expanded in valve Di to 
1 atmosphere. The ammonia that vaporizes 
from evaporator Ci passes through the in- 
tcrchanger Bi, cooling the compressed 
ethylene from compressor Az. The ethylene 
under a pressure of 19 atmospheres is 
liquefied in the submerged coil of evapora¬ 
tor Cl- The liquefied ethylene expands in 
valve Dz to atmospheric in evaporator Cj. 
The vaporized ethylene from Cz passes 
through the interchanger Bz, cooling the 
methane from compressor Aj. 

The methane is liquefied under a pres¬ 
sure of 25 atmospheres in tlie submerged 
coil of evaporator Cz, expanded in valve 
D 3 to 1 atmosphere in evaporator Ca- The 
vaporized methane from the evaporator 
Ca is divided into two streams, passing 
through the inter changers Bz and Ba, 
cooling the compressed methane and com¬ 
pressed nitrogen streams respectively. The 
nitrogen at a pressure of 19 atmospheres 
from compressor A 4 liquefies in the sub¬ 
merged coil of evaporator Ca- The lique¬ 
fied nitrogen is expanded in valve D 4 to 1 
atmosphere. The liquefied portion from 


the expansion may be withdrawn from ac¬ 
cumulator E while the vaporized portion 
returns to the compressor after first pass¬ 
ing through Ba. 

The cascade system of obtaining low' 
temperature is unique in that the power 
consumption per unit of gas liquefied is 
less than that of the other processes de¬ 
scribed. 


NH3 CH^ 



Fig. 11. Liquefaction of Nitrogen 


7 . In order to make a comparison of 
the efficiency of the various processes 
Kcesom^ made a detailed analysis of the 
power requirements for the production of 
1 kilogram of liquefied nitrogen under 1 
atmosphere, starting with gaseous nitro¬ 
gen at 25 C and 1 atmosphere. Table 1 
is a tabulation of the result of this analy¬ 
sis on the power requirements for the cas¬ 
cade, Linde, and Claude processes. The 
theoretical power requirement for a hypo¬ 
thetical process operating under perfect 
reversible conditions is also listed in Ta¬ 
ble 1 . 

The reversible process requires the mini¬ 
mum amount of work and is independent 
of any mechanism. Actual processes have 
greater power requirements because there 
are energy losses inherent in any practical 
process as distinguished from a reversible 
process. The reversible process cannot 
actually be achieved, but it is set up as a 
standard for purposes of comparison. 
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In Keesom’s analysis of the three proc¬ 
esses the nature and amount of the energy 
losses are given. Aside from energy loss due 
to friction in the moving parts of the com¬ 
pressor and the fluid flowing through the 
system, there is the irreversible effect of 
heat transfer in the interchangers, evapo¬ 
rators, and heat leakage into the apparatus 
from the surroundings. The greatest losses 
occur in the expansion of the gas or liquid 
in the expansion valves. The nearer the 
compressed gas is to saturation conditions 
the less irreversible the expansion (indi¬ 
cated as less increase in entropy). More¬ 
over, the expansion of the liquid in the 
valve has less irreversible effect than the 
gas. 

Table 1. Theoretical Power Required, 
hp-hr per kg of Liquid Nitrogen 


Hypothetical rsveTBible procosB 0.Z9 
Cascede process 0.73 

Linde process 1.41 

Claude process 1.19 


The cascade system is more economical 
in power requirement because only liquids 
are expanded. If the compressed gas in the 
other systems is precooled with an ex¬ 
ternal refrigeration system there will be 
an improvement in the overall power 
economy. 


Commercial Liquefaction of 
Natural Gas 

B. A recent commercial application of 
the cascade system was the liquefaction 
of natural gas for storage purposes. A plant 
erected at Cleveland, Ohio, was built for 
the purpose of liquefying the natural gas 
at times when the consumption was low, 
storing and re-gassifying it at peak load 
conditions when the pipe line from the 
gas field would not be able to furnish the 
necessary quantity. 

The liquefaction of natural gas reduces 
the volume of required storage space 600 
times. This plant was designed to liquefy 
4,000,000 cu ft of natural gas per day and 
had a storage capacity of three spherical 
tanks each 57 ft in diameter. The liquefied 
natural gas was stored at a temperature of 
— 250 F and at a pressure of approximately 
12 psig. The storage spheres were made of 
nickel steel rested in cork insulation in¬ 
side of a steel sphere 03 ft in diameter. 
From experimental work the heat absorp¬ 
tion was estimated to be relatively small, 
and if the storage spheres were full, at the 
end of a year’s time only half of the liquid 
would be evaporated. 

Before liquefaction, the natural gas is 
processed to remove CO 2 and water vapor 
in order to prevent plugging of the lines, 
and nitrogen is vented off at intervals to 
prevent too great an accumulation in the 
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recycle system. This plant was unfortu¬ 
nately destroyed by an explosion and fire. 

Detailed descriptions of this plant have 
appeared in various publications.^-^.*.’ In 
general, the refrigeration cycles used are 
the same as proposed by Keesom, with the 
exception of the nitrogen cycle, namely, 
ammonia, ethylene, and methane. 

Dry Ice 

9. Carbon dioxide ice or dry ice is use¬ 
ful as a refrigerant agent in many appli¬ 
cations, especially in transportation. Its 



GASOMETER 


Fig. 13. Diagram of Reich Process of Carbon Dii 


10. Limestone, magnesite and dolomite 
have all been used and are being used as 
sources of COa gas, and appear to be the 
most rapidly growing sources. Two meth¬ 
ods are used to separate the CO 2 from the 
carbonates: (a) by heat, (b) by acid treat¬ 
ment. In the first method, the stone is 
heated in kilns, preferably of the vertical 
type. The otTcoming gases (containing the 
CO 2 irem the carbonate and that from the 
combustion of the fuel used to heat the 
carbonate) are found to be from 25 to 45% 
CO 2 . The yield of COz is approximately 



ids Gab Production, Showing Purifier Apparatus 


high cost of manufacture limits its field of 
use, but it has extraordinary merit in being 
readily handled and cut dry—sublimating 
to gas, non-corrosive and non-toxic, high 
as to latent heat and low in temperature. 
In the gaseous form it is a good insulator. 

Manufacture of dry ice divides into the 
process of making or recovering the gas, a 
chemical process, and its liquefaction and 
solidification by a compression cycle. 

Carbon dioxide has been obtained com¬ 
mercially from natural springs and fissures, 
from wells, from heating or acid treating 
the carbonates of alkalies and alkali 
earths, from fermentation of organic sub¬ 
stances, and from the burning of car¬ 
bonaceous substances. 

The refrigerating effect is the sum of 
the heat of sublimation (latent heat of 
the solid) or 248, plus the sensible heat de¬ 
rived by raising the temperature to say 
32 F, or about 27, giving 275 Btu per lb. 
See p. 129 for table of physical properties. 
Pressure-temperature relations are shown 
in Fig. 12 and Chart 4, Chap. 7. 


50% of the weight of stone used, e.g., tlie 
"ainnionia-soda" process. 

Ill the acid method the carbonate is 
treated with acid and the nffeoming gas 
i.s practically pure COz- The yield is from 
44 to 52% the weight of stone, dependent 
on the kind of carbonate used. This latter 
method appears to be applicable only 
where the salts produced from the acid 
treatment are marketable. 

All organic matter in fermenting gen¬ 
erates CO 2 . Commercially the organic 
matter used is molasse.s and grain. The 
dry gas is about 99.5% CO 2 and can be 
recovered in proportions of about 5 lb of 
CO 2 per gal of alcohol produced. The odor 
of the impurities in this case makes satis¬ 
factory purification a difficult task. One of 
several methods is shown in Fig. 13. 

Coke ranks next to limestone as a com¬ 
mercial source of carbon dioxide. Usually 
it is burned under boilers in such a manner 
as to obtain the maximum concentration 
of COi in the flue gas. The steam gener¬ 
ated is used for generating power and for 
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aiding in the purification process. The coke 
should be of high carbon content, low in 
sulfur and of good structural strength; 
72-hr foundry coke has been the standard 
of quality for years. Lately high grade by¬ 
product coke has been used satisfactorily. 

Theoretically, 1 lb of coke (90%) will 
generate 3.0 lb of CO 2 ; actually, the recov¬ 
erable yields have in the past been nearer 
a ratio of 1 to 1. Good practice with present 
equipment should yield a ratio of 2 lb of 
CO 2 per lb of coke burned. The flue gas, 
under good firing conditions, will run 15 to 


where CHg represents a waste hydrocar¬ 
bon. The reaction may be written 

CH2+H20-»C0+2H20 

C0+H20->C02+H2 

Fuel oil and natural gas have been sug¬ 
gested as sources of CO 2 , but so far they 
have not proved commercially practical. 
They yield a flue gas of less than 1.5 and 
10% CO 2 respectively, but with the other 
considerations such as low price of oil and 
gas and smoothness of operation, they may 
be attractive as sources of CO 2 . 



1S% CO 2 , about SU% nitrogen and small 
amounts of oxygen, carbon monoxide, sul¬ 
fur dioxide and hydrocarbon gases. 

About four tons of CO 2 are generated 
in making one ton of steel. Most of it is 
generated in the blast furnace from the 
limestone and coke used. The gases as 
they leave Uie blast furnace itself run high 
in carbon monoxide, but on being burned 
in the stoves or in the blowing engines, the 
composition is about 20 to 30% CO 2 , 70 
to 80% nitrogen, with small amounts of 
carbon mono.xide, oxygen and sulfur diox¬ 
ide. 

A vast potential source of CO 2 is found 
in the petroleum industry as a by-product 
in hydrogen production for hydrogenation, 


Underground sources of CO 2 have been, 
found in drilling for oil or natural gas; 
several such sources have been profitably 
exploited in the U. S. in connection with 
dry ice. One source in Mexico is of commer¬ 
cial importance. 

11. The alkali absorption process is ap¬ 
plicable to those sources of CO 2 gas in 
which the other components of tlie gas 
mixture arc relatively inert. It is used ex¬ 
tensively in recovering CO 2 from the flue 
gases of coke and from limestone. It has 
been found commercially feasible for gases 
containing from 15 to 50% CO 2 and is the 
process most commonly adopted, Fig. 14. 

The gases from the flue or from the kiln 
are first washed with water to free them 
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from dust and sulfur dioxide and to cool 
them to about 110 F. This washing is done 
in steel or concrete towers, filled with lime¬ 
stone of about 6 in. diameter. These tanks 
are lined with acid-proof material to pre¬ 
vent corrosion. Water is circulated over 
these towers, and as it becomes charged 
with sulfur dioxide it is allowed to flow to 
waste. 

The gases are next passed through the 
absorbers. In the type of plant most com¬ 
monly built, these absorbers are steel tow¬ 
ers, two in series, packed with coke, placed 
on grids at say 15-ft intervals in the height 
of the tower. Manhole plates are provided 
to permit replacing of coke when needed. 

A solution containing from 7.5 to 8 lb 
of sodium carbonate or 12 to 12.5 lb of 
potassium carbonate per cu ft is circulated 
over the absorbers and, dissolving out 
some of the CO 2 in the flue gases, issues 
from the absorbers containing about 3 lb 
of sodium carbonate and 6 lb of sodium 
bicarbonate per cu ft. 

The gas enters the absorbers with ap¬ 
proximately 17% CO 2 content, and is 
vented to the atmosphere at about 8 to 
9% CO 2 . 

From the absorbers the strong lye 
(mixed bicarbonate and carbonate solu¬ 
tion) is pumped to a lye boiler where it is 
heated to about 240 F and thus freed of 
its CO 2 content. Chemically: 

AVeak lye: 

Na 2 CO, + II 2 O -h CO 2 = 2NaIICOa 

Strong lye; 

3NaHCO, -hHeat = Na2C02 + H.O + CO 2 

The CO 2 gas mixed with steam is cooled 
in order to free it from most of the water 
vapor and is sent to a gasometer or directly 
tn the compressors. 

The following operating conditions for 
plants using sodium carbonate will con¬ 
tribute greatly to proper results. Summer 
conditions have been ehosen, because that 
is generally the time of peak load, when 
control is most important. 


TemperaturES (solution) F 

Leaving last absorber—entering 

iiiterchanger. 120-140 

Leaving inicrchanger—entering lye 

boiler. 220-230 

Leaving lye boiler—entering in¬ 
ter changer. 240-250 


Leaving intcrchnnger—entering 

absorbing system. 140-160 

At pump circulating solution over 

first absorber. 135-155 

Between first anti secoiiil al).sorl)erH 130-• 50 
At pump circulating solution over 
second absorber. 125-145 

Temperatures (gas) 

Entering scrubbers. 300 

Leaving scrubbers.. 130-150 

Leaving lye boilers. 210-235 

Leaving gas coolers. 70-100 

Entering compressors.. 25- 00 

HP liquid COj leaving water 

coolers. 50- 70 

HP liquid COa leaving l efrigerat- 

ing coils. 20- 50 

Analysis: 

Flue gas of COa leaving furnnee, 

%. 15-20 

Flue gas of COa leaving absorbers, 

%. 6- 0 

Solution leavinir absorliers, sotliuni 

bicarbonate, lb per i:u ft. 5- 6 

Solution leaving absorbers, sodiuin 

carbonate, lb pto cu ft. 3- 4 

Solution leaving lye boili'rs, so- 

diiun bicarbonate, lb per r-u ft. . 2 3 

Solution leaving lye boiliT.s, so¬ 
dium carlionate, lb per cu 11 . . . 5- 0 


A variation of this Ml)S[)rption system is 
ustid by the ammonia-soda industry, con¬ 
sisting essonLiall.y in absorlnng tlic fXlj 
from kiln gas in strong lyo under slightly 
raised pres.siirc and freeing the CX )2 in lye 
boilers, in whieli heat is iii)plied and the 
pressure reduced. With the use of pressure, 
the size of eriuipmcnt i.s reduced, and a 
considerable improvement in percentage 
of CO 2 gas recovered is claimed. 

Another variation is the use of trieth¬ 
anolamine as an absorbent in jjlace of an 
alkaline carbonate. The reaction is 

Triethanolamine: 2N(C2TL|0 11)3 4-1120 4- 
CO 2 = Triethanolamine carbonate.' 

(N(C2H30IT)3TT)2C02 

The triethanolamine carbonate breaks 
down on heating, releasing the CO 2 . The¬ 
oretically, 0.77 lb of this compound can 
absorb 1 lb of CO 2 . 

Still another absorption process is 
one involving the solution of CO 2 in flue 
gas by means of water under relatively 
high pressures. After the water is car¬ 
bonated to its maximum under the condi- 
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tions, it is passed through a low-pressure 
vessel where the CO 2 is freed from its solu¬ 
tion and passes on in a pure state. This 
method, while old, has met with very lim¬ 
ited favor in this country. 

Many plans have been drawn and sev¬ 
eral plants have been built in which CO 2 
is freed by means of compression and 
fractional distillation. It is quite possible 
to freeze out the COz by such means, but 
the pressures are excessive when applied 
to gases o# low CO 2 concentration be¬ 
cause of the partial pressure of the ex¬ 
traneous gases (nitrogen) present. High 
power costs and numerous operating and 
maintenance difficulties have caused the 
abandonment of the few plants that were 
BO designed for handling flue gas. The 
process has possibilities for higher con¬ 
centration sources. 

12. Removal of odors. Another process 
using activated carbon has been used for 
purifying CO a from oil wells. The gas con¬ 
taining hydrocarbons and sulfur comes 
from the wells at about 1,000 psi, and is 
first passed through towers containing iron 
oxide to remove the sulfur compounds, and 
then through a series of towers containing 
activated carbon which absorbs the hydro¬ 
carbons. Revivification is accomplished by 
use of superheated steam at periods of 
every few hours. The oxide towers are re¬ 
vivified by passing air through the oxide 
at controlled rates of flow. The CO 2 gas, 
free from all odorous impurities, flows from 
the towers through cooling coils where, at 
the pressures involved, it liquefies and is 
ready to be solidified. 

One of the processes peculiarly well 
suited for the removal of water-soluble 
odorous impurities is the silica gel process. 
In this process the gas is collected, usually 
from fermentation vats, and after a pre¬ 
liminary water scrubbing to remove the 
bulk of alcohol and other organic matter, 
it is passed through the first and second 
stages of compression—i.e., up to 380 psi, 
and then through the absorbers containing 
gel. When the absorber is saturated the 
gas is passed through a companion ab¬ 
sorber while the first absorber is revivified 
with heated air. 

A modification is the purification of low- 
pressure COa with silica gel; the COa from 
the fermenters is scrubbed and cooled to 


about 45 F and then at about 5 psi is 
forced through absorbers containing gel. 
The revivification is accomplished by hot 
air as above. This low-pressure system 
naturally requires larger equipment and 
is more costly. The manufacturers guar¬ 
antee a product free from all odor. 

Alumina gel is claimed to serve satis¬ 
factorily as a purifying medium for CO 2 
gas. 

Liquefying and Solidifying 

13. The compression of CO 2 gas is usu¬ 
ally accomplished in three stages, the first 
taking the gas from about atmospheric 
pressure up to 65 to 80 psi. The gas is then 
cooled and passes into the second stage of 
compression, where it is carried up to 300 
to 400 psi, is again cooled, and often purified 
at this point. Then it is passed into the 
third stage where a pressure of 900 to 1,200 
psi is reached. This CO 2 is usually liquefied 
in coils cooled with water. The liquefying 
temperatures for various pressures are 
found in the tables of thermal properties. 

To convert this liquid into solid CO 2 
the liquid may be (a) frozen by the re¬ 
moval of heat by external means, (b) 
evaporated so rapidly that a portion of it 
freezes, or (c) ejected through a small ori¬ 
fice or nozzle, under which condition a por¬ 
tion of the liquid freezes out as snow. 

The first method was first proposed 
about 1895, and has been tried on a small 
scale but discarded. In the second method 
the liquid CO 2 is put in a pressure vessel 
surrounded by a source of cold. Inasmuch 
as the boiling point of CO 2 is a much higher 
temperature than its freezing point (—69 
as against —109 F), such a source is not 
difficult to obtain. The liquid CO 2 occupies 
a much larger volume than the resultant 
ice, and for this reason it has been pos¬ 
sible to supply the freezing chamber with 
liquid COz under pressure during the 
freezing period. The ice produced is trans¬ 
lucent and hard, and has a density of about 
90 lb per cu ft. 

When a cylinder of liquid CO 2 is opened 
with its valve uppermost and the gas is 
permitted to escape rapidly, a portion of 
the liquid is frozen into a porous disin¬ 
tegrated mass known by the descriptive 
name of "pop corn snow’' by a constant 
enthalpy process as in the case of any ex- 



27. LOW TEMPERATURE SYSTEMS 


473 


pension. The Liquid may evaporate directly 
in a mold and the porous solid is pressed 
under hydraulic presses into dense icc. At 
the present time several commercial plants 
are utilizing modifications of this simple 
method. 

The third general method of solidifica¬ 
tion is that involving the expansion of 
liquid CO 2 itself. When liquid CO 2 is forced 
through a nozzle the liquid flashes into 
gas and snow. The proportion of snow is 
dependent on several factors, particularly 
that of temperature of the liquid CO 2 . 
Snow formed in this way is usually com¬ 
pacted by tamping and then pressed by 
hydraulic means. Fig. 15 shows the power 
required per ton of dry ice for various 
cycles at various temperatures of the 
liquid. 



Fig. 15. Summary of Calculations of Theorstlcml 
Cycles of Snow Production 

A, D, Simple (^cIb; C, D, same with procooler; E, F, 
bleeder cycle; G, H, bleeder with precooler; I, binary 
cycle; J-Carnot cycle. Dntted linea are baaed on saturation 
pressures, solid lines are based on optimum pressures.* 

* Stickiiey, A. B., Re/rig. Eng., Dec. 1B32. 

Most of the various processes that are 
being used today are combinations of 
these three methods. Several of these 
make snow in a chamber maintained at 
about the triple point; in this way liquid 
and snow are injected at intervals into the 
chamber, forming a wet sludge. This is 
later compressed to form a dense ice. The 


Carba process injects the wet snow into 
the chamber with considerable force, and 
the machines are so designed that no fur¬ 
ther pressing is necessary to produce a 
dense ice. 

Other variations in the simple conver¬ 
sion of liquid CO* into solid CO 2 arose in 
the methods advocated for the precooling 
of the liquid COj. Some prefer to coni the 
liquid by external means such as an uin- 
monia refrigerating system, others by us¬ 
ing the liquid CO 2 as a refrigerant, ex¬ 
panding it and recompressing it through 
the third stage of the compressors. Others 
expand a portion of the ('O 2 between each 
stage of compression much along the lines 
laid down by customary refrigeration 
practice to obtain maximum efficiencies. 

14. Storage and transportation. Because 
of the extremely low temperature of the 
solid, CO 2 does not lend itself readily to 
long-time sinrage. Two theoretically possi¬ 
ble methods of slowing down the meltagc 
are (a) mechanical refrigeration of the 
storage room or (b) by means of pressure 
applied to the storage space; neither is 
feasible because of the costs involved. The 
ice must serve as its own refrigerant. 

Attempts have been made to store the 
CO 2 for several months in large insulated 
gas-tight silos. In these, ice made in winter 
and spring is to be stored for the summer 
peak, and the CO 2 gas liberated by the 
melting ice is returned to the cornpressors 
for reliquefaction and reconversion into 
ice. The impression is that these have not 
proved commercially advantageous Ije- 
cause (a) it is difficult for men to work in 
the silos on account of the large proportion 
of CO 2 in the atmosphere, (b) the ice 
changes in crystal structure and becomes 
sugary, and (c) the capital expense and 
the labor costs are excessive. Storage for 
one month or six weeks has been success¬ 
fully accomplished where the ice is of sat¬ 
isfactory crystal structure. These tempo¬ 
rary storage boxes are so constructed that 
a man may load and unload and yet keep 
his head above the CO 2 gas level (see Table 
2 ). 

The well-type storage container is the 
only one commonly used today. The ex¬ 
terior walls and bottom are generally con¬ 
structed of sheet metal and sealed against 
leakage of cold air. Several inches of effi- 
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Table 2. Dry Ice Losses per 24 hr, % 


Shipping carton for 50 to 100 lb of dry ice, 
insulated with dry wood pulp 15-20 

Shipping box for 200 lb of dry ice (3-in. 

insulation) B 

Shipping box for 2,000 lb of dry ice (5-in. 

insulation) 3 

Shipping box for 4,BOO lb of dry ice (6-in. 

insulation) 1.5 

Insulated truck, well-type body 1.2 

Insulated railway car, well-type cargo space D. 8 
Plant storage, well-type storage box 0.3 


cient insulating materials are interposed 
between outer and inner walls. A light 
hinged lid or detachable cover forms the 
top of container. A mattress is often pro¬ 
vided to protect the top surface of the 
solid CO 2 stored within the box. Storage 
containers vary in size from 8 to 54 cubes 
capacity for standard 10 in. cubes. 

Shipping boxes follow the design of stor¬ 
age containers except that weight is kept 
to a minimum through the use of less insu¬ 
lation and lighter structural members. 
Capacities of shipping containers for solid 
CO 2 vary from 1 to 8 cubes. 

There are now in use specially designed 
trucks and cars for transportation of solid 
CO 2 . These are of the top opening or well 
type with a number of separate compart¬ 
ments, each with independent covers. 

Shipment of dry ice involves many 
difftculties, losses up to 30% being typical 
where the product is submitted to several 
handlings. 

Dry ice from a chemical analysis is al¬ 
ways of a purity above 90% CO 2 , but for 
commercial use its quality is judged mainly 
for freedom from odor and for structure. 
Dry ice from fermentation sources is exam¬ 
ined primarily for the odor of beer or 
molasses; from combustion of fuels, from 
lime kilns, etc., for odors of hydrogen 
sulfide or the odor of “smoke”; from natu¬ 
ral wells for odors of hydrogen sulfide and 
gasoline; and from all sources for an odor 
of oil brought about by incorrect lubrica¬ 
tion of the compressors. 

In structure dry ice should be neither 
soft nor too brittle. Ice that is well made 
and is of satisfactory density may be 
sawed into thin slices 10 in. XlO in. X i in. 
and these slices be sufficiently rugged for 


handling. Densities of 85 to 95 lb per cu ft 
(50 to 55 lb per 10 in. cube) have been 
found most satisfactory. 

Summary of Uses 

15. As a refrigerant dry ice is conven¬ 
ient, economical in application to both sta¬ 
tionary and mobile units, and susceptible 
to a readily controlled temperature range 
from the intense cold of frozen food to that 
of the moderate temperature of a butter 
box. It can profitably be used as a refriger¬ 
ant in the transportation and dispensing of 
unfrozen perishable foodstuffs such as fish, 
meat, dairy products, fruits, and vegeta¬ 
bles, as well as the frozen product. It is also 
used in the metal-working industry, elec¬ 
trical industry, chemical industry, in the 
laboratories, and in certain applications of 
food freezing and of air conditioning. 

As a source of carbon dioxide gas, dry 
ice offers economies in cost of production, 
transportation and storage. It can be 
profitably used for the innumerable pur¬ 
poses to which carbon dioxide itself is put: 

a. In carbonating beverages 

b. For preserving perishables 

c. In the canning and food packaging in¬ 

dustry 

d. In the chemical industry 

e. In fire prevention 

f. In the medical profession 

g. As a source of power 

Low Pressure Air Liquefaction 

16. During the latter part of World War 
II and subsequently, extensive develop¬ 
ments have been made for producing oxy¬ 
gen and nitrogen from air in low-pressure 
systems (less than 100 psi). This involves 
extensive use of efficient heat transfer sur¬ 
face and use of an expander engine." 
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F) EFORE any refrigeration system is put 
^ into operation, it is necessary that cer¬ 
tain precautions be taken in order to ob¬ 
tain good efficiency from the standpoint of 
both economical performance and maxi¬ 
mum life of equipment. 

In line with these precautions the most 
important considerations are: 

I. Preparation of new systems 

1. Cleaning 

2. Tightness 

Removal of moisture and air 

4. Charging. 

II. Operation of systems 

1. General operation 

2. InstruiiKiiitation 

3. Moisture 

4. Oil 

5. Purging. 

I. Preparation of New Systems 

1. Small or complete refrigerating sys¬ 
tems of the package type are cleaned by 
the manufacturer, by the circulation 
through coils, shells and tubing of an agent 
for dirt elimination. Compressor parts are 
thoroughly cleaned during assembly. 

In large systems, shells, coils and com¬ 
pressors come from the manufacturer free 
from dirt, and piping that is erected during 
installation should be thoroughly cleaned 
as erected. After the test for tightness is 
made, the entire system should be blown 
down to remove dirt and foreign matter. 

2. Package equipment and factory-as¬ 
sembled systems are usually tested for 
tightness in conjunction with air and 
moisture removal (see Par. 3). 

Large systems erected on the job should 
have the entire piping work tested with 
compressed air for leaks under pressures 
up to those specified for equipment using 
various refrigerants. These air pressures 
are obtained generally by use of the refrig¬ 
erant compressor. When pumping a pres¬ 
sure on the system it is well to do so in 


stages rather tliaii all at one time, in order 
to avoid excessively high air temperatures 
such as may cause explosion. If the pres¬ 
sure is raised to 50 psi and tested for major 
leaks, then brought up to the linal test 
pressure in two or three more pumping 
operations, no trouble will be experienced. 
When the machine is used as an air com¬ 
pressor the usual amount of cooling water 
must be circulated. 

After the system has been made tight 
under air pressure, all coils, coolers and 
pipe work j^enerally should be blown out 
to remove dirt. The system should be 
tested under vacuum as a final check for 
leaks; when subjected to external atrnos- 
pherie pressure, small pin holes closed by 
dirt while under internal pressure will often 
show up. 

Before starting the compressor to pump 
up an air pressure, it is important that the 
cylinders be well lubricated. If the machine 
is fitted with a mechanical lubricator for 
supplying oil directly to the cylinders, oil 
may be pumped to the cylinders by the 
hand attacffimoiit. If the machine is not 
provided with such a lubricator, the cylin¬ 
der heads should be removed and the 
cylinder walls well covered with oil. 

Before starting the air test, open the stop 
valve on the compressor discharge pipe, 
and all other valves between the compres¬ 
sor and inlet valves to the various cooling 
coils or evaporators, and close the suction 
stop valve at the compressor inlet. Then 
open the valve on the suction inlet to the 
compressor between the suction stop valve 
and compressor to permit air to be drawn 
into the cylinders when the compressor is 
started. If no valve has been provided at 
this point it will be necessary to open a 
flange to provide the necessary air intake. 

With the compressor in operation, pres¬ 
sure will be built up on the entire high side 
of the system, and finally brought up to 
300 psi in the case of ammonia. After the 
high-side test is finished, the low side 
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should be tested and made tight at about 
15D psi. All joints, valve stems and the like 
are then tested again for leaks. 

If the compressor is driven by either a 
steam engine or an internal combustion 
engine, it may be operated at slow speed 
during the air test operations. If driven 
by a constant speed motor, it will operate 
at full speed, building up the air pressure 
more rapidly; for this reason the pressure 
gage should be closely observed by a man 
stationed at the starting switch to stop the 
machine promptly when the pressure has 
been raised to the predetermined point. 

After the air test is completed, the cyl¬ 
inders are opened for examination. The 
scale trap or strainer in the suction line at 
the compressor is also cleaned out. 

3. Package equipment and factory-as¬ 
sembled systems are evacuated and de¬ 
hydrated by the use of high vacuum pump¬ 
ing and heating by oven or other means 
BO that the systems can be brought down 
in some cases as low as 50 microns (.001 
millimeter absolute pressure). This pro¬ 
cedure also serves as a tightness test. 

Large plants erected on the job should 
have had moat of any moisture removed 
during the blow-down following the test 
for leaks. Air removal is done by the use 
of a small portable pump-down compressor 
which usually evacuates to 25 in. of mer¬ 
cury and leaves the system commercially 
free of air. 

4. Small factory-built systems and pack¬ 
age equipment are charged with definite 
quantities of refrigerant, predetermined 
during the process of development for 
maximum efiicient operation. 

Large systems are charged with refriger¬ 
ant usually introduced into the system 
through a charging valve and connections 
located on the outlet of the liquid receiver 
between the receiver outlet valve and low- 
pressure side of the system. A drum of 
refrigerant is connected to this charging 
valve and the compressor started. The 
drum-charging valve is then opened partly, 
as are also one or more expansion valves. 

Liquid refrigerant will then flow from 
the drum through the valve, which is 
opened wide, charging connection and 
liquid line to the cooling coils, where it 
will be evaporated by the absorption of 
heat; then in the form of a gas it will pass 


through the suction line to the compressor 
from which it will be discharged to the 
condenser. As condensation occurs, the 
liquid will collect in the receiver, where 
its presence will be indicated by the re¬ 
ceiver gage glass. 

Since the outlet of the receiver is closed, 
none of this ammonia can pass out to the 
coils; therefore as the charging operations 
proceed it will continue to collect in the 
receiver until the system is fully charged. 
It is, however, a good plan to put only one 
or two drums in the system at first, then 
stop the compressor and make a careful 
check for possible leaks. 

A good method of detecting ammonia 
leaks is to go over the entire system with 
lighted sulfur sticks, as any mixture of 
sulfur and ammonia gas will produce a 
white fog. In the case of brine tanks, the 
coils should be similarly tested before mak¬ 
ing brine. Leaks in ammonia condensers 
may be detected by the use of litmus paper 
held in the stream of the outlet water. The 
presence of ammonia in the water will be 
manifested by a discoloration of the litmus 
paper, w^hite litmus paper turning red in 
water containing ammonia. 

Testing for Freon leaks is done by means 
of the Halide torch. 

During charging operations it is of course 
important that water be circulated over 
the condensers. 

n. Operation of Systems 

1. General operation. 

a. Starting and stopping. Modern com¬ 
pressors are automatically started and 
stopped with predetermined temperature 
changes in the refrigerated rooms, usually 
of the vertical enclosed type, driven from 
an electric motor. 

Where automatic control is employed, 
no opening or closing of the stop valves or 
bypass valve is necessary, since the motor, 
which is usually of the double squirrel- 
cage type having a high starting torque, 
will start the compressor without difficulty 
and without manual attention. 

In the case of the synchronous motor- 
driven compressor, of either the belted or 
direct-connected type, special equipment 
provided for starting and stopping opera¬ 
tions includes a push-button start and 
stop arrangement which makes it necessary 
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only to push the starting button to start 
the compressor after the operator has 
closed the suction and discharge valves on 
the machines and opened the full sis:e by¬ 
pass. After the motor has been brought up 
to full speed, the discharge valve is opened 
while the bypass is closed, after which the 
suction stop valve is opened slowly and 
the load gradually put on the machine. 

The same procedure is followed when 
starting other noii-automatic compressors 
of either the vertical or horizontal type. 

After the compressor is started and the 
suction stop valve is fully opened, the 
liquid outlet at the receiver is opened in 
order that the evaporator may be supplied 
with liquid. 

In the case of manually controlled 
machines, the first step in shutting down is 
to close the main liquid outlet valve at the 
receiver; after the evaporating pressure 
has been pumped down to a few pounds 
above zero the compressor is stopped and 
the suction stop valve closed. This simple 
operation is all that is necessary for a small 
plant. 

In larger plants, where two or more ma¬ 
chines may be in use, one or more of them 
may be taken off the line by simply stop¬ 
ping the compressor and closing the suction 
stop valve, 

b. General operating pressures. The 
operation of any given plant will depend of 
course upon the conditions to be met, but 
the fundamental principles of operation are 
the same for all types of installations. 

The evaporating pressure, commonly 
called the suction pressure, is determined 
by the room and brine temperatures re¬ 
quired. For some types of coils it is neces¬ 
sary to maintain a temperature difference 
of from 10 to 12 F between the room or 
brine temperature and the evaporating am¬ 
monia. Other types of evaporators, such, 
for example, as those used in the more 
modern freezing tank design, require a 
temperature difference of only from 2 to 
3 F. 

Similar variation is found also in rooms 
using evaporators over which the air is 
moved at high velocity by means of a fan. 
The reason for this difference in perform¬ 
ance is that air, brine, or other media give 
up heat more rapidly when moved over the 
cooling surfaces rapidly. As previously 


stated, the operator must determine from 
experience what evaporating pressure is 
best suited to the particular conditions, bul; 
in any event this pressure should be carried 
as high as possible in the interest of power 
costs. 

The amount of surface in any evaporator 
will have a direct bearing on capacity; in 
cases where the surfaces arc insufficient, a 
much lower evaporating pressure will be 
needed. 

The condensing pressure should be held 
as low as possible. It depends upon the 
amount and temper.ature of the condensing 
water available, and the total amount of 
cooling surface, as well as, to some extent, 
on the type of condensers used. Where 
liberal condensing surfaces have been pro¬ 
vided, it should be possible to hold the 
condensing pressure to that corresponding 
to a tempeiaturo of about H to 10 F above 
the temperature of the water leaving the 
condenser. 

2. For maintaining high operating per¬ 
formance, pressure gages and thermom¬ 
eters should be installed at several points 
throughout the plant and periodic checks 
of certain relations made. It is well to have 
pressure gages for both suction and dis¬ 
charge of the compressor and also ther¬ 
mometers at both places. Refrigerant gages 
can be obtained which have a temperature 
scale corresponding to the pressure scale. 
By comparing the temperature of the suc¬ 
tion gas with the saturation temperature 
on the suction gage the superheat in the 
suction gas is obtained. When such super¬ 
heat is from 5 to 15 F, a good condition 
prevails. 

Where operation is at normal conditions 
and proper suction gas superheats prevail, 
an average normal discharge temperature 
results. Should the discharge thermometer 
show considerably higher temperatures 
than normal, there is trouble in the com¬ 
pressor due to leaky or broken valves or 
piston rings and an examination of the 
compre.ssor is necessary. 

With compressors equipped with forced 
lubrication, there should be a gage on the 
oil pump which when compared with the 
suction gage will show oil pressure. This 
pressure should be that specified by the 
manufacturer for satisfactory lubrication. 

A pressure gage at the condenser gas 
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inlet and a thermometer in the condenser 
liquid outlet are used to check condenser 
performance by comparing the liquid 
temperature with the saturation tempera¬ 
ture for the gage pressure at condenser in¬ 
let. 

If the liquid temperature shows more 
than 20 F below the saturation tempera¬ 
ture when the condenser is a free draining 
one, there are sufficient non-condensible 
gases present so that purging of the system 
is indicated. 

Thermometers on the water inlet and 
outlet of the condensers will show any 
change in both initial and outlet water 
temperatures, which in turn will serve to 
indicate when the condensers are dirty and 
need cleaning. For example, suppose the 
inlet water temperature is 75 F and the 
outlet temperature 85. If, after a day's 
operation it is found that while the inlet 
temperature remains constant the outlet 
temperature continues to decrease and ap¬ 
proach that of the inlet temperature, this 
is conclusive proof that the water surfaces 
of the condensers are becoming dirty. As a 
consequence, heat transmission has been 
so reduced that the ammonia is prevented 
from giving up its heat to the condensing 
water. 

3. Moisture in a system may cause 
troubles such as copper plating or freezing 
in an expansion valve, particularly where 
the water is not soluble in quantity in the 
refrigerant. In the case of ammonia such 
moisture will form aqua ammonia in the 
low side and affect the boiling point. 

Moisture may be admitted to a system 
when opening the low side for repairs, thus 
admitting humid air. The moisture con¬ 
tent of the system may also be increased by 
an air leak on the low side or a very slight 
water leak in commercial equipment using 
a water-cooled condenser. In case of failure 
through ice formation in the expansion 
valve, a drier may be installed in the liquid 
line for a sufficient period of time to remove 
the moisture, if it has occurred from air be¬ 
ing admitted to the system. However, an 
air leak or water leak will require the nec¬ 
essary repairs, dehydration of the system, 
and recharging with dry refrigerant and 
dry oil. 

4. Oil contamination due to oil pumping 


of the compressors may cause inefficient 
performance of parts of the system. 

A great portion of the oil leaving a com¬ 
pressor discharge may be returned to the 
crankcase from suitable oil separators in¬ 
stalled in the discharge lines. However, oil 
separators are not 100% efficient in per¬ 
formance, and hence some oil passes on to 
the condenser and is carried with the con¬ 
denser liquid into the low side or evapora¬ 
tor. When the refrigerant is such that oil 
is not miscible to any great extent, as is 
the case with ammonia, oil will collect in 
the low side and will have to bo removed 
by draining. 

If oil is miscible with the refrigerant it 
may return with the suction gas to the 
compressor, which is usually provided with 
means of returning such oil to the crank¬ 
case. Or if the evaporator will not return 
oil with suction gas, either draining or dis¬ 
tilling may be used for its elimination. 

In all cases oil accumulations in evapo¬ 
rators will affect their performance. Such 
performance in the case of refrigerants in 
which oil is not miscible will have effective 
surface reduced; and in the case where oil 
is miscible in the refrigerant, will raise the 
boiling temperature of the mixture. 

5, When condenser performance indi¬ 
cates the presence of non-condensible 
gases, the system should be subjected to 
purging. In general, such non-condensible 
gases are air and can be removed by 
properly designed purging devices with 
which many plants are equipped. 

In general, purging should be done at the 
proper point for economical and rapid 
elimination of the non-condensible gases; 
this point is not the same for all refriger¬ 
ants. 

When the air has a greater density than 
the refrigerant gas in the high side of a 
system, as is the case with ammonia, there 
is a definite tendency for the heavier air 
to be forced to the lowest point above the 
liquid level in the receiver when the plant 
is in operation; hence purging should be 
done just above the liquid level. 

When the air has a lesser density than 
the refrigerant gas in the high side, as is 
the case with Freons, such air tends to con¬ 
centrate in the top of condenser and purg¬ 
ing should be done at this point. 
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Purging devices, generally designed to 
bleed small quantities of gas from the 
proper place in a system, are equipped with 
cooling means to condense out as much 
refrigerant as the suction pressure of the 
system will accomplish; the remaining 
gas, which is a high percentage non-con¬ 
densible, is discharged to the atmosphere. 

If no devices are installed, hand purging 
can be accomplished by attaching an 


empty refrigerant drum to the purge point 
with a quarter-inch line, bleeding into this 
drum until flow ceases, and then condens¬ 
ing as much refrigerant as condensate can 
be charged back into the system through a 
sight glass and then discharging the gases 
to the atmosphere. This process should bo 
repeated until the liquid temperature of 
the system indicates the removal of non¬ 
condensible gases. 
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chapter deals with household rc- 
^ frigerators and freezers of the elec¬ 
trically driven mechanical type and the 
heat operated systems. 

REFRIGERATORS 

Yearly Sales 

1. Refrigerator sales are highly seasonal 
with as little as 3% of the annual sales 
falling in October or November and as 
much as 16% in April.^ Thus, a factory 
must have large storage facilities or oper¬ 
ate under widely varying load conditions. 
The storage i)robleni is further increased 
by tile number of sizes and quality varia¬ 
tions to appeal to various consumer tastes. 
Table 1 shows the estimated annual sales 
and the average retail price of all re¬ 


Table 1. 

World Household Refrigerator Sales of U. S. 

Manufacturers 

Year 

Unit sales 

Avg retail prite 

Retail value 

Up to 1920 

10,000 

$6DD 

$ 6,000,000 

1921 

5,000 

550 

2,750,000 

1922 

12,000 

525 

6,300,000 

1923 

18,000 

475 

8,550,000 

1924 

30,000 

450 

13,500,000 

1925 

75,000 

425 

31,875,000 

1926 

210,000 

390 

81,900,000 

1927 

390,000 

350 

136,500,000 

1928 

560,000 

334 

187,040,000 

1929 

840,000 

292 

245,280,000 

1930 

850,000 

275 

233,750,000 

1931 

965,000 

258 

248,970,000 

1932 

840,000 

195 

163,800,000 

1933 

1,080,000 

170 

183,600,000 

1934 

1,390,000 

172 

239,080,000 

1935 

1,688,000 

166 

280,208,000 

1936 

2,180,000 

164 

357,520,000 

1937 

2,500,000 

171 

427,500,000 

1938 

1,410,000 

172 

242,520,000 

1939 

2,085,000 

169 

352,365,000 

1940 

2,720,000 

154 

418,880,000 

1941 

3,700,000 

160 

592,000,000 

1942 

520,000 

— 

— 

1945 

263,860 

— 

— 

1946 

2,100,000 

207 

434,700,000 

1947 

3,400,000 

255 

867,000,000 

1948 

4,766,000 

260 

1,239,160,000 

1949 

4,450,000 

255 

1,134,750,000 


frigerators produced in the United States. 
Table 2 breaks down the 1049 sales of the 
mechanical type for eleven National l^flec- 
trical Manufacturers Association com¬ 
panies. Table 3 shows the yearly perj;ent- 
age sales of refrigerators in the 6 cu ft and 
under group, and in the 7 cii ft and over 
group. It is interesting to note the very 
marked shift from the smaller to the larger 
sizes. 

Design Trends 

2. In general, the refrigerator user of to¬ 
day assurips satisfactory meeJianical oper¬ 
ation anil places greater emiihasis on im¬ 
proved appearance, utility, and conven¬ 
ience. As a result, the most significant de¬ 
sign trejids over the last few years have 
been in these categories. 
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Table 2. Household Refrigerator Soles Statistics for National Electrical Manufacturers 
Association Companies, for Year 1949 


Sizes 

Domestic 
(48 states 
and D.C.) 

Canadian 

Other 

Foreign 

Total 

1. Less than 4 cu ft 

2,208 

_ 

54 

2,262 

Z. 4 cu ft 

25,130 

— 

2,BZ4 

27,954 

3. 5 cu ft 

— 

— 

— 

— 

4. b cu ft 

504,886 

2 

39,796 

544,684 

5. 7 cu ft 

879,198 

29 

33,809 

913,036 

6. 8 cu ft 

1,157,030 

5 

44,314 

1,201,349 

7. 9 and 10 cu ft 

978,485 

2 

23,224 

1,001,711 

8. 11 and 12 cu ft 

157,297 

— 

4,091 

161,388 

9. 13 cu ft and up 

35 

— 

1 

36 

10. TOTAL 

3,704,269 

38 

148,113 

3,852,420 


3. While the demand for more refriger¬ 
ated food storage space has iiicicascd, the 
kitchen size in homes has decreased. As a 
consequence, there has been a marked in¬ 
crease in the ratio of the food storage 
volume of the refrigerator to the floor area 
occupied by it. This has been accomplished 
by reduction in the physical size of the 
motor compressor unit, and relocating it, 
so tliat all or a portion of the bottom of 
the food compartment can be lowered 
(Fig. 1). 

4. The greatly increased use of frozen 
foods has resulted in the need for providing 
refrigerators with much larger and colder 
frozen food storage compartments. In a 
large number of refrigerators this in¬ 
creased frozen food storage volume is pro¬ 
vided by a freezing compartment which 
extends substantially the full width and 


Table 3. Refrigerator Sales, by Size of Box 

(1934-1949) 


Year 

6 cu ft 
& under 

7 cu ft 
& over 


% 

% 

1934 

78.1 

21.9 

1935 

83.5 

16.5 

1936 

85.2 

14.8 

1937 

83.9 

16.1 

1938 

84.4 

15.6 

1939 

90.3 

9.7 

1940 

90.2 

9.8 

1941 

80.1 

19.9 

1946 

9.3 

90.7 

1947 (9 mos.) 11.4 

88.6 

1948 

12.9 

87.1 

1949 

15.0 

85.0 


across the top of the food compartment 
(Fig. 1). So that the evaporator can he 
operated at the low temperatures required 
for proper frozen food storage, some form 
of insulated baffle is placed beneath it to 
separate it from the food compartment 
proper. This baffle is so designed as to 
permit sufficient air movement around it 



Fig. 1. Refrigerator Cabinet with AcroBF-the-top 
Freezing Compartment 
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to provide the necessary cooling for the 
main food storage compartment. 

Another approach to the problem of 
large and adequately cooled frozen food 
storage compartments in refrigerators has 
been the introduction of a two-door design 
(Fig. 2). In this modification there are two 
compartments completel}^ separated from 
each other and each has its own exterior 
door. Both compartments are cooled by a 
single refrigerating unit. The generally 
accepted method is to cool the frozen 
food compartment directly with the unit 
and refrigerate the main food storage 
compartment by means of a secoiiilaiy 
system attached to the primary one 
(Fig. 5). In some of the two-door refrig¬ 
erators, independent temperature control 
of each compartment is provided. 

5. The trend toward specialized interior 
appointments has been marked. Meat 
storage compartments maintained at tem¬ 
peratures slightly above freezing with rela¬ 
tive humidities of 1)0% are common. Spe¬ 
cial high humidity compartments for 
storage of leafy vegetables are provided in 
practically all refrigerators. Special com¬ 
partments with various heating means for 
maintaining butter at a temperature con¬ 
venient for spreading are appearing on 
more and more of the refrigerators offered 
to the public (Fig. 2). 

6. Recent years have seen the introduc¬ 
tion and increased use of refrigerators in 
which all or a substantial volume of the 
main food storage compartment is main¬ 
tained at high relative humidities. The 
purpose is to reduce the rate of evapora¬ 
tion from the surface of the food stuff to 
such an extent that they may be stored in 
uncovered vessels for considerable periods 
of time without deleterious effects (Figs. 
1 & 2 ). 

7. Bacteria and mold increase as food 
is maintained in a more moist condition, 
thus, while high humidity retards drying, 
it tends to hasten mold and bacterial de¬ 
terioration. To retard this bacteria and 
mold growth, many domestic refrigerators 
are being equipped with ultra-violet lamps. 
The major portion of the radiation from 
these lamps is in the bactericidal region of 
the ultra-violet spectrum. These lamps also 
produce small quantities of ozone. In 
addition to their bactericidal action, they 



Fig. 2. TwD-DoDr Refrigerator Cabinet 


1. l^ruaen-fiiDJ uoniparl- 

nicnt 

2. Food i-onipurliiictib UkIiL 

3. Bulllr NtDriiKIt 

4. J''t)ud I'.rHiipariiiiPiib 

5. VuBBiabit! sturiiKi^ 

drawePH 

6. Unit compartmiMit 


7. Ilul bi!r .sbnraKi? Roni- 

parliniMit (l)enti?d) 

8. Diuir.fluid cuiiipurl- 

in I'll I 

[). IJiuir—frori'M-fiuid 
LMiinp.'irl iiu'iiL 
Hr Tlin.riiuinif.ler 

11. loi’i-lrays 

12. Urcalmr i^Lrip 


are also effective in reducing cabinet odor 
level and odor transmission from strong to 
sensitive foods. To reduce the odor level, 
activated charcoal odor adsorbers are also 
used. These adsorbeis can he reactivated 
at a temperature of from 375 to 475 F 
every few montlis and replaced once a year. 

B. A very important feature that has 
been recently introduced in domestic re¬ 
frigerators is automatic defrosting of the 
evaporator. Early approaches to the prob¬ 
lem of removing the frost from the 
evaporator were confined to providing a 
manual means for modifying the operation 
of the standard temperature control. This 
modification permitted the evaporator to 
operate above 32 F for a period of time. 
More recent practice has been the intro¬ 
duction of a clock mechanism which daily 
interrupts the power supply to the re¬ 
frigerator for a sufficient length of time to 
permit the day's accumulation of frost to 
melt from the evaporator during the early 
morning hours. However, these schemes 
present the problem of maintaining tem¬ 
peratures adequate for the proper storage 
of frozen food, ice cream, etc. 
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Another approach has been to separate 
the sub-freezing compartment from the 
main food storage compartment and oper¬ 
ate the evaporator for the latter above 
freezing (Fig. 2). The sub-freezing com¬ 
partment has to be defrosted by the usual 
methods, although less frequently than 
the conventional type. 

More recently, there have been intro¬ 
duced rapid automatic defrosting systems 
in which heat is applied to the refiigerat- 
ing systems to increase the rate at which 
the frost can be melted so that the defrost¬ 
ing time is materially shortened (Fig. 3). 
The defrosting period is of from 5 to 30 
minutes’ duration. This short defrosting 
cycle should permit no substantial rise in 
the frozen food temperature or in the food 
compartment temperature. These types of 
units peiJiiit the safe storage of frozen 
foods over considerable periods of time, 
at the same time keeping tlie evaporator 
relatively free from frost. These refrig¬ 
erators also jjTovide means for evaporating 



Fig. 3. RefriKerator with Automatic 
Rapid Defrost 
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the defrost water into the ambient air so 
that a completely automatic defrosting re¬ 
frigerator is provided. 

Cabinet Design 

9. The fundamental factors in the de¬ 
sign of a cabinet are its usable food storage 
capacity in cubic feet and its ejtternal di¬ 
mensions, both of which are influenced by 
competitive consideration. A method of 
computing useful cubical contents and use¬ 
ful shelf area is contained in the American 
Standards Association publication B3R.1- 
1944. 

10. The external shell of the cabinet is 
generally a single fabricated steel struc¬ 
ture which supports the inner food com¬ 
partment, the door, and the refrigerating 
mechanism. In general, the flofir ami 
breaker strip construction is similar to that 
shown in (Fig. 4). The door covers the 
whole front of the cabinet and the plane 
of the breaker strips is parallel to the back 
wall. A single plastic sheet serves as the 
inner surface for the door and the door 
breaker strips. Mechanically, the overall 
structure of the cabinet should be strong 
enough to stand shipping. A cabinet that 
will ship is almost certain to be strong 
enough to stand daily usage. The inner 
food liner should be so designed that it 
does not chip or craze at the points of 
support. Shelves must be designed witli 



Fig. 4. Door and Breaker Strip Construction 
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adequate strength so that they will not 
sag under the heaviest load and the cabinet 
hardware should be satisfactory for at least 
50 door openings per day for a period of 
perhaps 15 years. 

11. Insulation in a domestic refrigerator 
varies from 2 to inches in thickness and 
the greater thickness ordinarily is used 
with the large size cabinets. Insulating 
materials in common use are rock wool, 
glass Avool, balsam wool, corrugated paper, 
etc. Although it is desirable to obtain as 
nearly a vapor-tight exterior cabinet shell 
as possible, consideration should be given 
the fact that when water vapor is migrat¬ 
ing from the ambient air into the insula¬ 
tion, it is also passing from the insulation 
into the area around the cold evaporator. 
Consequently, the design of door gaskets, 
breaker strips, and other parts should pro¬ 
vide maximum barriers for vapor flow 
from the room air to the insulation, but as 
free a passage as is practicable between the 
insulation and the inside of tlie cabinet. 

The effect of insulation thickness on 
lieat leakage is not the only important 
consideration. Another very important one 
is maintaining the exterior of the surface 
of the cabinet at a sufficiently high tem¬ 
perature to prevent moisture condensa¬ 
tion. Areas wliere condensation usually 
occurs will be around the hardware or 
along the edge of the door opening. Good 
piactice suggests that with a 40 F re¬ 
frigerator interior temperature in an 80 F 
room, no external surface temperature on 
the cabinet should be more than 7 F be¬ 
low the room temperature. 

12. In the early days, cabinet finishes 
presented one of the most serious prob¬ 
lems because they deteriorated rapidly. 
However, modern synthetic baked enamel 
finishes give an excellent account of them¬ 
selves. Customarily, they are applied over 
a chemically treated surface which gives 
better adhesion to the paint and prevents 
spreading of the rust if the finish is 
scratched through. In addition to the 
synthetic enamel finishes there are im¬ 
proved vitreous enamel finishes that usu¬ 
ally consist of one ground coat anil two or 
three finish coats, each of which is fused 
on separately. The finish used almost uni¬ 
versally on the food compartment liner is 
a white vitreous enamel. However, suitable 


synthetic organic finishes are now avail¬ 
able for this application and some re¬ 
frigerators on the market arc using this 
type of finish on the food compartment 
liners. 

13. High humidity compartments are 

used to retard evaporation of moisture 
from uncovered foods. In conventional re¬ 
frigerators the humidity in the food storage 
compartment is low, due to the presence in 
the cabinet of the cold evaporator. Rapid 
loss of moisture from tJic uncoA^ered food 
results from this low humidity condition. 
The drying effect can be greatly reduced by 
cooling the food storage amipartment by 
means of a large couliiig surface operated 
at a few degrees below the food compart¬ 
ment temperature. 

These high humiility eomjiartmcnts may 
be as small as a single drawer for tho 
storage of meats or vegetables, or they 
may inclu In tlie wliole above freezing 
storage space of the refrigerator. The large 
compartment may be designed for only 
moderately lugh liumidities for the stor¬ 
age of leftovers, and draAvers provided 
fur the very Idgli liumidities needed for 
the storage of leafy vegetables. If the 
small-sized diawei- compartment is in¬ 
tended for tlie storage of meat it should be 
placed in a location where the tempera¬ 
ture obtained in it can be at or near 32 F 
(Fig. 3). If the diawer is intended for 
vegetable storage it may be placed any- 
aaIicic in the cabinet, but it is usually 
located at the bottom. 

The humidity in a closed container will 
be high because the cooling surface is the 
wJiole surface of the diawei', opcjating at 
practically the same temperature as the 
air within the drawer. This same principle 
can be extended to larger sizeil compart¬ 
ments by providing an enclosed compart¬ 
ment two or three shelves high within the 
cabinet, with sufficient clearance between 
the walls of the two compartments to per¬ 
mit adequate circulation of cold air around 
the enclosed one (Fig. 1). 

14. Wlien the main food storage com¬ 
partment is oiierated at high humidity, it 
is generally accomplished by separating 
the low temperature evaporator from the 
main storage compartment by suitably in¬ 
sulated baffles, and cooling the food com¬ 
partment by coils attached to its sides 
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adjacent to the insulation. These coils are 
usually the evaporating portion of a 
closed secondary refrigerant circuit, the 
condensing portion of which may be 
tubes in contact with the primary evapo- 
rator^ or some tubes or a tank cooled by a 
separate primary loop buried in the insula¬ 
tion. A secondary system is shown in Fig. 
5. The secondary circuit is charged with a 
volatile fluid, usually the same as is used 
in the primary circuit. As the liquid re¬ 
frigerant in the tubes on the food compart¬ 
ment walls evaporates, it passes upward to 
the secondary condenser, where it con¬ 
denses, and then returns to the lower 
tubes to repeat the cycle. The secondary 
condenser section is removably coupled to 
the main cooling surface, so that when the 
primary refrigerating unit is removed, the 
secondary circuit can remain in the 
cabinet. 

This secondary cooling system has two 
main advantages over the one in which 
part of the primary circuit is used for 
cooling the high humidity compartment. 
In the case of unit failure, there is no 
need to remove the high humidity cooling 
circuit and the same unit can be used in 
refrigeratois that do not employ high 
liuinidity section^s. High humidity com¬ 
partments have also been cooled by large 
areas of finned coils located within the 
food compartment, but this design is not 
commonly used. 

High humidity compartments iiiay have 
their own inner doors (Fig. 1) or they may 
be sealed by a single main cabinet door. 
In the latter case, the partition separating 
the low from the high humidity com¬ 
partments usually seals against the door 
with a rubber gasket. A third arrangement 
employs two outside doors, one closing 
the low temperature compartment and a 
large one covering the opening of the 
high humidity main food storage compart¬ 
ment (Fig. 2). 

In the wintertime, the low ambient 
dewpoint makes it dillicult to maintain a 
high relative humidity in the refrigerator. 
This condition can be helped by a design 
in which a large cooling area serves to 
maintain a very small temperature dif¬ 
ference between the inside surfaces and the 
air in the food compartment. However, in 
the summer w^hen a high ambient dewpoint 



Fig. 5. Refrigerator with Secondary System for 
Food Compartment Cooling 
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is encountered, excessive wetness within 
the food compartment may result. Each 
time the cabinet door is opened, moisture 
is deposited on all of the walls, shelves, 
and dishes in the refrigerator. As the design 
of this type of food storage compartment 
is such as to reduce evaporation from food, 
evaporation from all other surfaces is 
also very low and the moisture collected, 
due to repeated door openings, may result 
in drippage. 

15. \\liile the bactericidal effects of 
ultra-violet and ozone have been known 
for a long time it is only recently that 
suitable lamps for use in domestic re¬ 
frigerators have been available. A lamp 
must have sufficient ultra-violet output, 
deliver a controlled amount of ozone, and 
yet, give off very little heat. Lamps arc 
available that radiate the major portion of 
their energy at the most effective bacteri¬ 
cidal wave length, 2537 Angstrom units. 
These lamps are most needed in areas 
operating at relative humidities above 
flO%i with food in uncovered dishes, since 
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at lower relative humiditiBS, food will 
dry out so rapidly that no mold or slime 
will occur on the surface. As the germi¬ 
cidal effect which occurs in the areas 
shaded from the radiation from the lamp 
is produced partly by the ozone generated 
by it, the lamp should be placed so that 
any circulation will tend to carry the ozone 
throughout the food storage compartment 
(Fig. 3). 

16. If the cabinet is to be a component 
of an automatic defrost refrigerator, ade¬ 
quate provision must be made to take care 
of the defrost water. Suitable means must 
be provided* to catch the defrost water 
from the evaporator. A container may be 
provided within the refrigerator to collect 
the defrost water, and must be emptied at 
regular intervals. If the defrost water is to 
be automatically disposed of, some sort of a 
drain pipe must be provided to convey the 
water from the tray beneath the evapo¬ 
rator to some external container from 
which it can be evaporated (Fig. 3). The 
container should be of sufficient size to 
take care of the maximum amount of water 
that may be discharged at any one de¬ 
frosting period and if natural evaporation 
is to be the means for disposing of the 
water, the pan should be of ample capacity 
to take care of periods when the rate of 
frost collection may exceed the rate of 
evaporation from the pan. The container 
should be made of suitable material to re¬ 
sist corrosion as it will be subject to de¬ 
terioration not only from the water, but 
also, from acid-containing foods which 
may inadvertently find their way into the 
pan. 


Design of Mechanical Unit 

17. Practically all household refriger¬ 
ators employing a mechanical compressor 
utilize hermetic units. In this design, the 
motor and compressor are sealed into a 
gas-tight housing, eliminating the shaft 
seal, belt, pulley, and open motor bearings. 
The motor compressor unit is built as a 
single integral assembly and enclosed in a 
steel shell (Fig. 5). Two refrigerants are 
used in present production of hermetic 
units, Freon-12 (dichlorodifluoromethane) 
and FrBon-114 (dichlorotetrafluorometh- 
ane). Freon-12 is used in both rotary and 


reciprocating compressors and Freon-1 14 
in rotary compressors only. 

18. ReiVigerant pumps are either re¬ 
ciprocating or of positive displacement 
rotary design. If reciprocating, the com¬ 
pressors are either of the automotive type 
with the wrist pin in the piston or a scotch 
yoke type (Fig. 6 and Fig. 7). The ad¬ 
vantage of the latter is the flexibility be¬ 
tween the axis of the piston and tlie motor 
axis. With the automotive type, it is neces¬ 
sary that the wrist pin be exactly at right 
angles to the piston axis, otherwise noise 
will be introduced due to the misalignment 
of parts. When parts are not built with 
sufficient rigidity, misalignineiit under load 
may occur even though no-load accuracy 
exists. This condition does not exist in the 
scotch yoke design, because it has flexi¬ 
bility in two directions. 



Fig. 6. Hermetic Motor Condenser Unit with 
Reciprocstina Pump 
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19. Rotary pumps (Fig. B) are generally 
either of two types. In one type the in¬ 
tegral rotor and shaft assembly is con¬ 
centric with the circumference of the rotor 
and eccentric to the circumference of the 
cylinder. Rectangular blades are set into 
slots in the rotor which bear out against 
the circumference of the cylinder by 
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Fig. 7. Scotch Yoke CompresBor 
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meiiiis of piesaure, springs, or cen¬ 
trifugal force; and as they move around 
the circumference, the gas trapped be¬ 
tween them is compressed. The other type 
employs a shaft and an enlarged eccentric 
assembly that is concentric with the 
cylinder wall. On the eccentric is a 
cylindrical rotor of such size that it oper¬ 
ates at one point close to the cylinder wall. 
A blade operates in a slot in the cylinder 
wall and is held in contact with the rotor 
by means of springs or gas pressure to 
provide a seal between the high and the 
low pressure sides. As the eccentric rotor 
revolves, gas is drawn in just after passing 
the blade and is then compressed and dis¬ 
charged at the other side of the blade. A 
modification of this latter design employs a 
plate fastened to a cylindrical piston con¬ 
centric with the rotor. This plate oscillates 
in a slot in the cylinder wall between two 
rockers. 

20. The valves for refrigerant pumps are 
ordinarily metal discs or reeds bearing on 
a valve seat. As valves are a prolific source 
of noise and inefficiency, much ingenuity 
has gone into their design. 

21. The compressor motors used are of 
the squirrel-cage induction type. They may 


be either a straight split phase design 
(Fig. 9) or they may employ a capacitor 
in the auxiliary winding for starting, run¬ 
ning, or both. For connecting the auxiliary 
winding into the starting position an ex¬ 
ternal magnetic or thermal switch is used 
(Fig. 10). For 50 and 60 cycle opera¬ 
tion, 4 pole motors are used and on 25 
cycle 2 pole motors are employed. The 
rotors employed have built-up copper or 
die cast aluminum conductors. The start¬ 
ing windings are insulated with two or 
three layers of impregnated cotton or 
enamel. If enamel is used, it is imperative 
that it be not soluble in the lubricating oil 
or refrigerant that is used. All of the other 
motor insulating materials, such as cell 
slot insulation, must be of such a nature 
that they are unharmed by the lubricating 
oil or refrigerant. It is also important that 
these fluids do not dissolve any substance 
out of the insulation that will cause 
trouble in the system. 




Fig. B. Rotary Pumps 
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22. When appljdng a motor to a domes¬ 
tic refrigerator compressor, design changes 
can be made in the associated equipment 
to give desirable motor loading. In this 
respect, the situation is different from the 
general motor applications. There are 
three points that must be checked in the 
application of a motor to a refrigerator 
compressor. First the motor should be 
capable of carrying, witliout overheating, 
the maximum possible load that may be 
imposed steadily on the machine. This 
loail may be obtained l)y operating the re¬ 
frigerator in an ambient of ] 10 F with the 
refrigerator door open. 

Secondly, the motor should have suffi¬ 
cient maximum torque to carry the heavi¬ 
est momentary load at the lowest possible 
voltage. Such a load might be achieved by 
placing the refrigerator in a 110 F room 
with the unit inoperative and the cabinet 
door open to allow all parts of the re¬ 
frigerator to stabilize at 110 F and then 
with the cabinet door closed, operating 
the refrigiirating unit to pull the cabinet 
temperature down. While the maximum 
load under this condition may be heavier 
than the one previously referred to, the 
temperature rise of the motor need not be 
considered because of the low thermal 



Fig. 9. Unit Wiring Diagram 
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Fig. ID. Starting Relay 
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capacity of the moilern evaporator jier- 
mitting the machine to pull through this 
maximum load rpiii-kly. With the volta,ge 
throughout most of the United States 
ranging between 115 and 120, a macliine 
which will pull tJiroiigli this maximum 
point at a voltage of l)ctween 100 and 105 
volts is probably safe. 

The third requirement for the motor is 
that it should liave sufficient starting 
torque to start the compressor at 100 volts. 
In the unit designs using a capillary tube 
type of restrictor, and not employing an 
unloader, the starting torque is tied in with 
the degree to which the pressure between 
the high and the low side has an oppor¬ 
tunity to equalize during the off i)erir)d. 
Necessary starting torque is tlius a func¬ 
tion of control differential as well as capil¬ 
lary restrictor design. If the motor j)rr)- 
tection is an automatically reclosing de¬ 
vice, it is not serious if the motor occa¬ 
sionally fails to start due to insufficient 
pressure equalization. If the protective 
device is not automaticallj'^ resetting, it is 
imperative that the motor be able to start 
under all normal operating conditions. If 
the machine is not equipped with the 
type of restrictor that equalizes the pres¬ 
sure during a shutdown, then the motor 
must have enough torque to start the 
pump with maximum pressure differential 
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across the piston. In this latter design, an 
unloadcr can be used to vent the pressure 
over the piston during the starting interval 
and reduce the starting torque required. 

Condensers 

23. The two classes of condensers are 
those of large mass and dimensions, cooled 
by radiation and thermal-convection air 
circulation, and the smaller type with 
forced-air circulation. Two common meth¬ 
ods of building the large plate type con¬ 
denser are employed. In the first, two 
sheets are roller welded together to pro¬ 
vide refrigerant passages between them. 
The other employs a serpentine steel tube 
copper brazed or resistance-welded to a 
single steel sheet (Fig. 11). Two advantages 
of the plate condenser are that it is not 
necessary to employ a separate motor to 
drive the fan and it gives practically no 
trouble from the standpoint of dirt collec¬ 
tion. The smaller type condenser (Fig. 5) 
employing a motor driven fan and finned 
tubing has a decided advantage of light¬ 
weight compact design and more satis¬ 
factory carrying of prolonged heavy loads. 



Fig. 11. Plato Typo CondonBor 
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It has the disadvantage, however, of re¬ 
quiring an additional motor to operate the 
fan. The fan motor can be eliminated if the 
condenser size is increased considerably 
so as to obtain sufficient cooling by 
thermal-convection air circulation. 

Expansion Devices 

24. The type of expansion device now 
used almost entirely in domestic refrig¬ 
erators is the fixed orifice type. It consists 
of a long capillary tube of internal diam¬ 
eter in the neighborhood of .040 inches, or 
an equivalent restriction. This fixed re¬ 
strictor has the advantage of extreme 
simplicity and no moving parts, and lends 
itself exceedingly well to being placed in 
heat exchanger relation with the suction 
line, thereby effecting considerable gain in 
the unit capacity, particularly when using 
a Freon refrigerant (Fig. 5). 

A disadvantage of this type of restrictor 
is the loss in capacity of the unit under 
some operating conditions. When the 
machine stops, some compressed gas passes 
into the evaporator, causing a loss in 
capacity. Even with the machine running, 
there is only a certain set of suction and 
discharge pressures under which any par¬ 
ticular capillary tube will not pass gas or 
will not permit liquid to back up into the 
condenser. Extreme care must be exer¬ 
cised in the building of domestic refriger¬ 
ating machines employing a capillary tube 
to be sure that the interior is kept scrupu¬ 
lously clean. If this is done and no water, 
wax, or other materials that harden at 
low temperatures are present, a fixed re¬ 
strictor tube will not be troubled with 
plugging. 

Evaporators 

Z5. Evaporators are usually shaped in 
the form of a plate, U, or box (Fig. 11) 
and may be made by fastening tubing to 
sheets or by forming the refrigerant path 
with drawn convolutions in two sheets 
which are subsequently brazed or welded 
together. Evaporators now are so designed 
that the amount of refrigerant contained in 
them is approximately 1 lb, This has the 
advantage of reducing the severity of 
pulldown and also reducing cost. The re¬ 
frigerant path is usually from the re¬ 
strictor through the shelves, if any, 





29 . HOUSEHOLD REFRIGERATORS AND FREEZERS 


493 


through the evaporator body and into a 
header of some type. If the evaporator is 
to be used with some type of secondary sys¬ 
tem for cooling the high humidity food 
compartment, consideration must be given 
to suitable surfaces for contacting the 
secondary condenser. 

Ingenious ways of putting the evapo¬ 
rator into the cabinet without breaking 
the refrigerant lines have been developed. 
Evaporators are commonly placed through 
openings in the back or top, or the refrig¬ 
erant lines may be run under the breaker 
strip and across the top. Whatever design 
is employed, care must be exercised to 
prevent cold spots which cause sweating 
and to seal the outside shell of the re¬ 
frigerator cabinet to prevent air infdtra- 
tinn into the insulation. 

26 . If rapid automatic defrosting of the 
evaporator is to be employed, considera¬ 
tion must be given to some means for 
rapidly supplying heat to it. Heaters can 
be fastened to the cooling element or 
valves may be introduced into the re¬ 
frigerant circuit that will bypass the re¬ 
striction device and permit the hot gas 
from the compressor to discharge directly 
into the evaporator or a reversing valve 
may be employed which will reverse the 



Fig. IZ. Defrosting Method Using No Velves 
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normal functioning of the system and 
permit the evaporator to act as the con¬ 
denser and vice versa. One system which 
has been recently introduced (shown in 
Fig. 12) eliminates the necessity for at¬ 
taching heaters to the evaporator and 
the introduction of mechanical valves into 
the refrigerating system. In normal opera¬ 
tion the container will operate with the 
refrigerant level up to the oriliee. The re¬ 
frigerant discharged from the capillary 
tube will pass througli this orifice to the 
evaporator. During defrosting, tlie heater 
is energized, evaijorating the liquid 
refrigerant discharged by the capillary 
tube. The orifice size is so designed that the 
piessip-e 'Imp across it when passing this 
quantity of gaseous refrigerant is greater 
than the static head reinesentcd by the 
height of tl'C inverted U tube. This results 
in the piessurc biiihling uj) in the tank 
sufTiciently lo empty the refrigerant from 
it via the inverted U tube. This extra 
charge circulating in tlie system floods 
the low side back to the second heat ex¬ 
changer wliich loads the unit and raises 
the suction pressure. The refrigerant 
vaporized by the heater then enters the 
evaporator where it condenses, giving up 
its heat and melting the frost from the 
evaporator. 

Controls 

27. Controls to st.art and stop the com¬ 
pressor are operated by a volatile liquid 
charged bellows system (Fig. 13). The 
temperature responsive element may be 
mounted in intimate contact with the 
evaporator and tlius maintain a fixed 
average evaporator temperature; or it may 
be arranged in such a manner as to be 
responsive to both the evaporator and the 
cabinet temperatures. In the former 
method, the box temperature tends to 
fluctuate with changes in the ambient 
temperature. This fluctuation is reduced 
in the latter schemes. The latter scheme 
has the advantage from the standpoint of 
normal food preservation, while the former 
is better adapted to maintain constant 
frozen food temperatures under fluctuating 
ambient temperatures. 

Systems employing auxiliary valves in 
the secondary system or automatically 
controlled dampers in the cold-air stream 
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allow independent control of the frozen 
food and cabinet temperatures. 

2B. A starting relay to energize the 
auxiliary starting winding of the motor 
must be provided external to the hermetic 
compressor unit since it is not practical to 
use a centrifugal switch on the motor shaft. 
This is normally a magnetic or a thermal 
contact making device (Fig. 10). In the 
magnetic type the high starting current 
through the main motor winding moves 
the starting relay into the starting posi¬ 
tion. Then^ as the motor speeds up, and 
the current drops off, the relay moves into 
the running position. While, at constant 
voltage a motor starting under no load 
has a current range of about 5 to 1 be¬ 
tween the locked rotor current and the 
running current, it is necessary for these 
relays to operate between other more nar¬ 
row current limits, in order to make con¬ 
tact under reduced voltage starting, and to 
break contact after starting under heavy 
loads and high voltage. 

The thermally operated starting switch 
is essentially a time delay device. In the 
unenergized position, the starting winding 
contacts are closed. When the main con¬ 
tacts are closed, current to the running 
winding heats the thermal element at a 
rate which will cause it to open the starting 
winding contacts after the motor has at¬ 
tained proper speed. The normal running 



Fig. 13. Temperature Control Switch 


1. CanlrDl kti^b 

2. Case 

3. TBinperiiturD control 

screw 

4. Teini^rature control 

sprinK 

5. Bellows 


(i. Bellows tube 
7. Terminals 
S. Stationary contact 
9. Movable contact 

10. Contact arm 

11. Rocker arm 

12. Flexible oouductor 


winding current is sufficient to keep the 
switch in the open position. Some of these 
switches are built to also serve as an over¬ 
load protection device. Excessive running 
winding current through the element will 
open an additional set of contacts, inter¬ 
rupting the power supply to the motor. 

29. Some type of motor protection is 
ordinarily provided. The protective device 
usually possesses thermal lag that allows 
the motor to carry brief overloads without 
tripping out. There arc two general types 
of overload devices, one is mounted on the 
compressor and is responsive to motor- 
compressor unit temperature and the 
motor current, and the other functions 
only in response to the motor current. The 
former arrangement has the advantage of 
being responsive to actual temperature of 
the machine. The protective device may 
be manual or automatic resetting. 

30. For defrosting of the evaporator, 
the cabinet temperature control may bo 
equipped with an additional position 
which will allow the evaporator to operate 
at a temperature above 32 F. Another 
method is to provide a manual means for 
adding additional force to the operating 
arm in such a manner that the turn-on 
temperature of the control is raised to a 
temperature above 32 F. After this opera¬ 
tion of the control, the bias is auto¬ 
matically removed and it retuins to its 
normal operating range. 

An automatic defrost control consisting 
of a clock motor with suitable switching 
can be used. It can be set to initiate the 
defrosting period at some predetermined 
time and terminate it after sonic prede¬ 
termined time interval. Another modifica¬ 
tion may be used in which the clock is the 
device used to initiate the defrosting 
cycle, and a temperature operated control 
to terminate it. 

The defrost control can be complete 
within itself with the initiation of the de¬ 
frost cycle determined by some operating 
function of the refrigerator, such as the 
frequency of operation, total time of opera¬ 
tion of the refrigerating unit, or in response 
to predetermined number of door open¬ 
ings, etc. Termination of the defrost cycle 
may be actuated by a bellows assembly 
within the control. The temperature sensi¬ 
tive element can be fastened to the 
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evaporator and it can be calibrated to 
terminate the cycle at some temperature 
above 32 F. Such a control is most prac¬ 
tically used in a rapid automatic defrost 
system where the defrost time is of such 
short duration that it does not interfere 
with normal operation of the refrigerator. 
Ill considering the frequency of defrosting, 
attention must be given to the rate 
of frost collection on the evaporator. 
Recent reports^ indicate that frequency 
and duration of cabinet door openings and 
ambient dew point are the major factors 
that influence the rate of frost collection 
on the evaporator. 

Processing 

31. Processing of the completed refriger¬ 
ation unit after assembly includes extrac¬ 
tion of the moisture from the motor wind¬ 
ing and associated parts, removal of non- 
condensible gases, and cliarging the S3^s- 
tem with refrigerant and oil. 

32. Thorough drying of tlie system is 
essential. An improperly dried system will 
be troubled with ice collection in the re¬ 
strictors, and corrosion trouble. Drying is 
usually done by heating the unit to a 
temperature above 212 F for several hours 
and removing the water vapor by evacuat¬ 
ing the unit or passing dry air through it. 
Care must be taken to remove all air be¬ 
fore charging. 

33. Oil and refrigerant are measured by 
either volume or weight methods. Modern 
machines with their extremely low re- 
fiigerant charge must be charged with 
considerable accuracy. Charging methods 
that involve measuring a certain volume 
by means of lowering the level in a sight 
glass or the use of a flow meter are accu¬ 
rate, but the charge cannot be checked in 
case of doubt. Oil and refrigerant of high 
purity in regard to moisture and non- 
condensible gases are essential. 

Performance 

34. The performance of domestic re¬ 
frigerators refers to various aspects of the 
refrigerator behavior under different condi¬ 
tions of room temperature and humidity, 
internal temperature of the cabinet, and 
various conditions of loading. The data 
obtained are usually: 


a. Rate of consumption of fuel or 
electrical energy 

b. Per cent running time of the com¬ 
pressor unit 

c. Temperatures obtained in the cabi¬ 
net interior including the special¬ 
ized compartments and freezing 
compartment 

d. Characteristics of auxiliary func¬ 
tions such as production of ice 
cubes 

e. Reaction of box to high rehilive 
liumidity such as condensation on 
the surface of c:d)inet and adsorp¬ 
tion of water into the insulation 

f. Resistance of tiie finish to light, 
.■scratching, grease, etc. 

g. Meehanicid durability of the mech¬ 
anism anti hardware. 

Ill a mechanical refrigerator, a change 
in the ambient temperature has a marked 
effect on oneigy consumption, assuming 
tlie box temperature remains constant 
Three factors are involved as the ambient 
temperature increases: 

(1) The differential tlirough tlie cabinet 
wall increases and tlius the load on the 
cooling unit increases. (2) More energy is 
reipiired because of the greater tempera¬ 
ture difference between whicli heat is ab¬ 
sorbed in the evaporator ainl rejected to 
the air. (3) The efliciency of the system 
decreases liecan.se of more leakage past the 



Fig. 14. Percentiige Running Time vb Room 
Temperature and Box Temperature for Typical 
8-cu ft and 10-cu ft Refrigeratore in One Manufac¬ 
turer’s Line 
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Fig. 15. Kilowatt Hours Consumption for 24 
Hours for Typical 8-cu ft and 10-cu ft Refrigera¬ 
tors in One Manufacturer's Line 



Fig. 16. Percentage Running Time vs. Room 
Temperature and Boi Temperature for Refrigera¬ 
tors Produced by Nine Different Manufacturers 
during 1939, 1940 and 1941 

compressor piston, more re-expansion, and 
less perfect valve action. In an electrically 
driven refrigerator, voltage increase may 
cause the energy consumption to go up or 
down, depending upon the design of the 
motor and the loading. 

Specifications for testing mechanically 
operated refrigerators are set forth in the 
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Fig. 17. Kilowatt Hours per 24 Hours for Re¬ 
frigerators Produced by Nine Different Manufac¬ 
turers during 1939, 1940 and 1941 

NEMA pamphlet #47-127 entitled “Amer¬ 
ican Standard Test Procedures for House¬ 
hold Electric Refrigerators.“ Figures 14 
and 15 show performance of typical 8 and 
10 cubic foot refrigerators in one manu¬ 
facturers’ line. Figures 16 and 17 show a 
performance range of refrigerators pro¬ 
duced by nine different manufacturers 
during 1949. 

External and interior refrigerator tem¬ 
peratures may be measured by liquid in 
glass thermometers, electric thermocouples 
or electric resistance thermometers. Glass 
thermometers arc relatively inexpensive 
but the refrigerator door must be open in 
order to read them within the refrigerator 
interior. While this may not affect the ac¬ 
curacy of the reading, it slows up the test¬ 
ing of the refrigerator as the box tempera¬ 
tures must be stabilized again before initial 
kilowatt hour readings or running time 
readings can be taken. 

Resistance thermometers arc accurate 
and reliable for measuring cabinet and 
room air temperatures but they are usu¬ 
ally too bulky to measure surface tem¬ 
peratures on evaporators, tubes, compres¬ 
sors, and so forth. Thermocouples with 
potentiometer indicators are the most 
satisfactory means for measuring tern- 
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peratures for development work. This ia 
because thermocouples are cheap, ex¬ 
tremely small, and can follow any desired 
rate of temperature change. They can 
also be lagged by putting them in contact 
with a mass of metal or fluid to read 
average rather than momentary cycling 
temperatures. Recorders are available for 
use with thermocouples or resistance 
thermometers that will plot as many as 16 
records on one chart. 

35. During testing it is important that 
the temperature gradients throughout the 
test room be kept to a minimum because of 
the effect of room temperature on re¬ 
frigerator performance. The temperature 
at the floor should not be essentially dif¬ 
ferent from that in the rest of the room, or 
the cold floor air being drawn through the 
condenser will give fictitious results. When 
testing a thermal-convection cooled con¬ 
denser located on the back of the re¬ 
frigerator, it is necessary to keep the room 
air velocity low enough so that heat dis¬ 
sipation from the condenser will not be 
affected. The NEMA Household Electric 
Refrigerator Standard requires that the 
room temperature be maintained within 
plus or minus 1 F of the specified value, 
and that the VL'rtical temperature gradient 
from the floor to a height of 7 feet shall 
not exceed a half a degree for each foot of 
vertical distance. 

The best method for making an ice 
freezing test is to measure ice freezing time 
by means of thermocouples inserted in the 
ice cube that will freeze last. As the water 
cools, the temperature in the trays will go 
down rapidly to .^2 F. During the actual 
freezing period, the temperature will stay 
at 32 F and at the conclusion of this period, 
will go down rapidly from this point. 

If an ice tray is placed on the shelf of a 
dry evaporator, there will be an entirely 
different rate of ice freezing than if the 
contact surfaces between the tray and the 
evaporator were thoroughly wet before the 
test. Differences as great as 2 to 1 in ice 
freezing time can result from this contact 
variation. Therefore, it is the usual pro¬ 
cedure to wet the evaporator surface before 
putting the tray in place. 

Kilowatt hours can be readily measured 
by an integrating kilowatt meter having a 
scale multiplier of .01 or less so that the 


data can be read to 1/100 kwh and esti¬ 
mated to 1/1000 kwh. The running time 
of the lefi'igerator unit can be measured 
by means of self starting electric clocks. 

36. While there are no standard specifi¬ 
cations for testing refrigerators under 
simulated held operation, such testing is 
desirable. An article, discussing this type 
of testing, appeared in RefrigeraCing Fngi- 
ncenng.^ 

In setting up a laboratory test procedure 
that would simulate field conditions rea¬ 
sonably well, there are five variables that 
should be considered: 

a. Dry bulb tninperature 

b. Dew point temperature 

c. Number of refrigerator door open¬ 
ings. 

d. Length of door opeiiijigs 

e. Usiige load 

To simulate severe field usage, the fol¬ 
lowing conditions may serve as a pattern 
for a suitable test procedure. The test 
room condition is based on information 
contained in the work of J. C. Albright.^ 
A dry bulb temperature of 90 F is sug¬ 
gested. This is 2 deg below the dry bulb 
temperature which is iu)t exceeded more 
than 5% of the 12 hours during the middle 
of the day during June to September, in¬ 
clusive, of a normal summer along the 
Gulf Coast. The 78 F dew point represents 
a condition along the Gulf Coast which was 
not exceeded more than 5% of the total 
hours during .June to September, inclusive, 
for a normal summer. Roider® has sug¬ 
gested a slightly higher dew point of 81 F. 
Some data available indicates that not 
more than 2% of tlie refrigerator users 
open the refrigerator door more than 80 
times per 24 hours. There is some devia¬ 
tion from this figure, depending upon the 
season of the year and the size of the re¬ 
frigerator. Roider suggests a figure of 10 
door openings per 24 hours per cubic foot 
of refrigerator volume. A door opening 
period of from 10 to 15 seconds is sug¬ 
gested. Laboratory tests indicated that at 
60 F dew point and 90 F dry bulb, door 
opening periods of greater than 10 seconds 
duration have little effect on the amount 
of moisture pickup on the evaporator. 
Over a 12 hour interval, 80 door openings 
of approximately 13 seconds duration can 
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be worked into a schedule of 6 approxi¬ 
mately 1 hour periods of door openings. 
It is suggested that to duplicate the food 
load in the refrigerator, an equivalent 
weight of 78 F water in glass jars be sub¬ 
stituted for the food in a fully loaded re¬ 
frigerator. A schedule of twice a week 
shopping and the preparation of three 
meals a day can be assumed, and the 
simulated food added to or taken from the 
refrigerator accordingly. In addition, one 
tray of ice cubes sliould be frozen for each 
of the three meals. 

37. Much can be learned from the 
standpoint of development by operating 
the compressor unit with a calorimeter of 
some kind. One type of calorimeter con¬ 
sists of a relatively short copper tube sur¬ 
rounding a tubular electric heater. Re¬ 
frigerant is atlmitted in one end of the 
tube through a constant pressure expan¬ 
sion valve, and the heat input adjusted 
until the desired degree of superheat is ob- 
taineil at the output. A modification of 
this particular idea has been used in con¬ 
nection with flooded evaporators. One 
feature of a good calorimeter is a small 
thermal mass so that its response to a 
change is rapid, thus reducing testing 
time. A calorimeter achieving these char¬ 
acteristics particularly well was designed 
by D. D. Wile." It employs a heater im¬ 
mersed in the liquid of a secondary re¬ 
frigerant circuit, while the evaporator of 
the compressor under test functions as a 
condenser for this secondary circuit. The 
control on the calorimeter turns the heater 
on and off in response to the pressure of the 
secondary system while the total heater 
input over a period of time is measured 
by a kilowatt hour meter. Accurate tests 
can be obtained from readings extending 
over a period of only three minutes. 

3B. Cabinet heat leakage tests can be 
run in several ways, (a) The cabinet may 
be placed in a hot room and the refrigerant 
passed to the evaporator at a rate neces¬ 
sary to maintain a constant cabinet tem¬ 
perature. The heat leakage per degree 
may then be determined from the quantity 
of refrigerant circulated, the condition of 
the refrigerant entering and leaving and 
the interior and exterior cabinet tempera¬ 
ture. (b) The cabinet may be placed in a 
cool room (about 50 F) and the cabinet 


interior heated with electric heaters to a 
point where the mean temperature of the 
insulation is about 75 F. The overall heat 
loss may then be determined from the 
heater input and the interior and exterior 
cabinet temperatures, (c) The cabinet may 
be operated in a hot room with a calibrated 
refrigerating unit of the type normally in¬ 
stalled in the cabinet. This method takes 
into account the localized heating of 
cabinet surfaces from the condenser anrl 
compressor, and gives the most accurate 
overall results under operating conditions 
approaching normal, (d) Ice may l)e 
placed in tlie cabinet and its rate of melt¬ 
ing measured. 

The Operating Cycle of the Heat- 
Operated Servel Refrigerator 

39. The Servel refrigerator is heat- 
operated, the freezing unit being an ab¬ 
sorption machine of the Platcn-Munters 
three-fluid type. The unit is made up of a 
number of steel vessels and pipes welded 
together to form a hermetically scaled sys¬ 
tem. All spaces in the system are in open 
communication with each other and hence 
are at the same total pressure, aside from 
minor variations wdiich arise from the 
presence of fluid columns and which are 
used to circulate the fluids. 

The charge includes an aqua-ammonia 
solution of a strength of about 30% con¬ 
centration (ammonia by weight) and hy¬ 
drogen. For a unit of sufficient capacity 
for a 5-cu ft cabinet, the approximate 
charge is 1.1 lb ammonia, 2.0 lb water, 0.03 
lb hydrogen. The liquid is charged into the 
unit as solution and then hydrogen is 
added. 

The elements of the system in Fig. 18 in¬ 
clude: (1) a generator, sometimes called 
boiler or still; (2) a condenser; (3) an 
evaporator; (4) an absorber; and (5) a 
hydrogen reserve vessel. There are three 
distinct fluid circuits in the system: an 
ammonia circuit including the generator, 
condenser, evaporator and absorber; a 
hydrogen circuit including the evaporator 
and absorber; and a solution circuit includ¬ 
ing the generator and absorber. 

40. Starting with the generator, heat is 
applied by a gas burner or other source of 
heat to expel ammonia from solution. The 
ammonia vapor thus generated flows to 
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Fig. IB. Schematic Arrangement of Servel Absorption Machine (Platen-Munters System) 


the condenser. In the path of flow of am¬ 
monia from the generator to the condenser 
are interposed an analyzer (6) and a recti¬ 
fier (7). Some water vapor will be carried 
along with the ammonia vapor from the 
generator. The analyzer and rectifier serve 
to remove this w^ater vapor from the am¬ 
monia vapor. In the analyzer, the ammonia 
passes through strong solution which is on 
its way from the absorber to the generator. 
This reduces the temperature of the gen¬ 
erated vapor somewhat to condense water 
vapor and the resulting heating of the 
strong solution expels some ammonia 
vapor without additional heat input. The 
ammonia vapor then passes through the 


rectifier (7) where the residual small 
amount of water vapor is condensed by 
atmospheric cooling and drains to the gen¬ 
erator (1) by way of the analyzer (6). 

The ammonia vapor, which is still warm, 
passes on to the section (2a) of the con¬ 
denser (2) where it is liquefied by air cool¬ 
ing. The condenser is provided with fins 
for this purpose. The ammonia thus 
liquefied flows into the evaporator (3) at an 
intermediate point. A liquid trap is inter¬ 
posed between the condenser section (2a) 
and the evaporator to prevent hydrogen 
from entering the condenser. Ammonia 
vapor which does not condense in the con¬ 
denser section (2a) passes to the section 
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(2b) of the condenser and is liquefied, and 
flows through another trap into the top of 
the evaporator. 

The evaporator is made up of two sec¬ 
tions (3a and 3b). The upper section (3a) 
is provided with fins and directly cools the 
food space. The lower section (3b) is in 
direct contact with the ice-freezing com¬ 
partment. 

Hydrogen gas enters the lower evapora¬ 
tor section (3b) and, after passing through 
a precooling pipe part, flows upward, in 
counterflow to the downward flowing 
liquid ammonia. The effect of the placing 
of a hydrogen atmosphere above the liquid 
ammonia in the evaporator is to reduce 
the partial pressure of the ammonia vapor 
in accordance with Dalton’s law of partial 
pressures. While the total or gage pressure 
in the evaporator and the pressure in the 
condenser are the same, there is substan¬ 
tially pure ammonia in the space where 
condensation is taking place, and conse¬ 
quently the vapor pressure of the ammonia 
substantially equals the total pressure. 

Under Dalton’s law, the total pressure 
of a gas mixture is equal to the sum of the 
partial pressures of the individual gases. 
Consequently, in the evaporator the par¬ 
tial ammonia vapor pressure is less than 
the total pressure by the value of partial 
pressure of the hydrogen. The lesser am¬ 
monia vapor pressure results in evapora¬ 
tion of the ammonia with consequent 
absorption of heat from the surroundings 
of the evaporator and the cooling of the 
surroundings which are in a well-insulated 
enclosure. 

The cool heavy gas mixture of hydrogen 
and ammonia vapor formed in the evapo¬ 
rator leaves the top of the evaporator and 
passes downward through the center of the 
gas heat exchanger (8) to the absorber (4). 
In the absorber, ammonia is absorbed by 
water, and the hydrogen, which is prac¬ 
tically insoluble, passes upward from the 
top of the absorber through the external 
chamber of the gas heat exchanger (8) into 
the evaporator. Perfect separation of gases 
is of course not possible and some ammonia 
vapor passes with the hydrogen from the 
absorber to the evaporator. It is probably 
more accurate to call the gas flowing from 
the evaporator to the absorber strong gas 
(hydrogen strong in ammonia), and the gas 


flowing from the absorber to the evapo¬ 
rator weak gas (hydrogen weak in am¬ 
monia) . 

Since the density of a gas is proportional 
to its molecular weight, and the molecular 
weight of ammonia is 17 and the molecular 
weight of hydrogen 2, it follows that the 
specifle weight of the strong gas is greater 
than that of weak gas. This difference in 
specific weights is alone sufficient to initi¬ 
ate and maintain circulation between the 
evaporator and the absorber. Since the ab¬ 
sorber is below the evaporator, it is pos¬ 
sible to have upward gas flow in the evap¬ 
orator. The long vertical column of strong 
gas in the central chamber of the gas heat 
exchanger is heavier than the vertical col¬ 
umn in the absorber, external heat ex¬ 
changer space and evaporator, despite the 
fact that the gas in the evaporator is 
heavy. Consequently the gas wdll flow as 
above stated, due to the difference in 
specific weights of the gases in the different 
vertical branches of the circuit. The gas 
heat exchanger transfers heat from the 
weak gas to the strong gas. This saves 
some cooling in the evaporator by precool- 
iiig the entering gas. A liquid drain at the 
bottom of the evaporator is connected to 
the down-flow space of the gas heat ex¬ 
changer. 

Counter-current flow in the evaporator 
permits the location of the box cooling sec¬ 
tion of the evaporator in the most effective 
position, at the very top of the food space. 
Also, the gas leaving the lower temperature 
evaporator section (3b) can pick up more 
ammonia at the higher temperature pre¬ 
vailing in the box cooling evaporator sec¬ 
tion (3a), thereby increasing capacity and 
efficiency. There is still another advantage 
in that liquid ammonia flowing to the lower 
temperature evaporator section is pre¬ 
cooled in the upper evaporator section. 

The dual liquid connection between the 
condenser and the evaporator is advan¬ 
tageous in applying the unit to the cabinet. 
It permits extending the condenser below 
the top of the evaporator to provide more 
surface while having gravity flow of liquid 
ammonia to the evaporator. 

The two-temperature evaporator par¬ 
tially segregates the ice-freezing function 
from the box-cooling function. This pro¬ 
vides a better humidity condition in the 
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food apace because, due to the higher tem¬ 
perature of the box cooling section (though 
adequately low for proper preservation), 
and due to the reduced surface of the low 
temperature section permitted by the par¬ 
tial segregation of function, less moisture is 
extracted to form frost. 

In the absorber, a flow of weak solution 
(water weak in ammonia) comes in direct 
contact with the strong gas. The liquid and 
gas flow is countercurrent. The weak solu¬ 
tion is thus enriched or strengthened while 
the strong gas is weakened. 

From the absorber the strong solution 
flows through the liquid heat exchanger 
(9) to the analyzer (6) and thence to the 
strong liquid chamber (la) of the gener¬ 
ator (1). Heat applied to this chamber 
causes vapor to pass upward through the 
analyzer (6) and to the condenser. The 
solution passes through an aperture in the 
generator partition into the weak liquid 
chamber (lb). Heat applied to this cham¬ 
ber causes vapor and liquid to pass upward 
through the small diameter pipe (10), as in 
an "air lift," to the separation vessel (11). 
Liberated ammonia vapor passes through 
the analyzer (6) and thence to the con¬ 
denser. The weak solution flows through 
the liquid heat exchanger (9) and to the 
absorber. The liquid heat exchanger pre¬ 
cools the liquid entering the absorber and 
preheats the liquid entering the generator. 
Further precooling of the weak solution is 
obtained in the finned air cooled loop (12) 
between the liquid heat exchanger and the 
absorber. 

The heat which is liberated by absorp¬ 
tion of ammonia in the absorber is. carried 
away by air flowing in contact with the ab¬ 
sorber fins. 

The hydrogen reserve vessel (5) which 
is connected between the condenser outlet 
and the hydrogen circuit may be described 
as a reservoir for hydrogen gas while the 
refrigerator is operating under normal 
room temperature conditions. Under these 
conditions an appreciable part of the 
hydrogen in the system is stored in the re¬ 
serve vessel. The remainder is located in 
the evaporator-absorber circuit and serves 
to balance the condenser pressure. The 
pressure must be adequate to liquefy the 
ammonia gas in the condenser. If the pres¬ 
sure is increased, the efficiency under nor 


mal conditions will be impaired, and yet 
it is necessary to have a higher pressure in 
the system to insure condensation of the 
ammonia under high room temperature 
conditions. The reserve vessel, through its 
connection in the system, is an automatic 
pressure variant to take care of the varia¬ 
ble room temperature and loads. It permits 
lower operating pressure at lower room 
temperature, thereby resulting in better 
efficiency, but provides the higher operat¬ 
ing pressure necessary under extreme con¬ 
ditions to insure condensation of ammonia. 

HOUSEHOLD FREEZERS 

41. Although the frozen food industry 
began a rapid growth about 1920, commer¬ 
cial production of refrigerated cabinets de¬ 
signed specifically for home and farm 
frozen foods was not seriously considered 
until about 1937. By 1948 industiy ship¬ 
ments of freezers had reached 690,000 
units.^ ’While the food shortages during 
the war greatly favored the growth of this 
product, the subsequent years have seen 
a growing public acceptance of this prod¬ 
uct. Table 4 shows a breakdown of the 
1949 sales of 31 National Electrical Manu¬ 
facturers Association companies. An ex¬ 
amination of the sales since 1947 by sizes 
of cabinets indicates a shift in the highest 
volume of sales from the 6 to 8 cu ft sizes 
to the 12 to 13 cu ft sizes. 

42. The functions of the household 
freezer are to provide a storage space at a 
temperature of U F or below and a fast 
freezing zone where limited quantities of 
fresh food may be frozen in a reasonably 
short time with minimum disturbance of 
the stored load temperature. These func¬ 
tions should be performed with the follow¬ 
ing objectives in view: 

a. Minimum temperature variations 
due to cycling of the refrigerating 
unit 

b. Well insulated cabinet for eco¬ 
nomical power consumption 

c. Minimum external surface tem¬ 
peratures in line with household 
refrigerator practice 

d. Ease of access to all parts of re¬ 
frigerated space 

e. Efficient, reliable and quiet re¬ 
frigeration system 
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Table 4. Home and Farm Freezer Sales Statistics for National Electrical Manufacturers 
Association Companies, for year 1949" 



Sizes 

Domestic 
(48 states 
and D.C.) 

Canadian 

Other 

foreign 

Total 

1. 

4.9 cu ft and under 

22,126 

_ 

1,296 

23,422 

2. 

5.0 to 6.9 cu ft 

38,725 

2 

904 

39,629 

3. 

7.0 to H.9 cu ft 

73,977 

I 

2,045 

76,023 

4. 

9.0 to 10.9 cu ft 

22,919 

— 

91 

23,010 

5. 

11.0 to 12.9 cu ft 

69,186 

■— 

197 

69,383 

6 . 

13.0 to 16.9 cu ft 

49,881 

— 

119 

50,000 

7. 

17.0 to 20. 9 cu ft 

28,223 

— 

69 

28,292 

B. 

21.0 to 29.9 cu ft 

1,648 

— 

6 

1,654 

9. 

30.0 to 39.9 cu ft 

2,468 

— 

— 

2,468 

10. 

40.0 to 49.9 cu ft 

20 

— 

— 

20 

11. 

50.0 to 59.9 cu ft 

1 

— 

— 

1 

12. 

60.0 cu ft and over 

53 

— 

— 

53 

13. 

Total All Models 

Total Upright Models 

309,227 

3 

4,727 

313,955 


(Included in above) 

13,721 

2 

62 

13,785 


f. Sturdy construction including ade¬ 
quate moisture vapor sealing 

g. Durable and attractive appearance 
with low odor levels considered in 
the choice of internal materials. 

Cabinets 

43. Mass produced cabinets are pre¬ 
dominantly of the chest type with all-steel 
construction and synthetic enameled ex¬ 
teriors. The exterior shell is stiffened at the 
base by the bottom pan, which supports 
the insulation, and a sub-base or angle 
iron frame. The top of the shell is strength¬ 
ened by a rigid tie with the interior com¬ 
partment. This rigid tie may be in the form 
of a wood frame witli a decorative breaker 
strip of rubber or plastic, or plastic lam¬ 
inates may be used for both the decora¬ 
tive and structural functions. Aluminum 
has received preferences for the construc¬ 
tion of interior compartments with baked 
enamel on steel and aluminum paint on 
galvanized steel also in general use. In¬ 
terior compartments are generally sup¬ 
ported by the bottom pan of the outer 
shell on blocks of rigid insulation. The 
recent trend in lid design has been away 
from the plug type and toward a single 
full-opening lid up to the 16 cu ft size. 
Lid construction generally consists of an 
inwardly flanged sheet steel exterior carry¬ 
ing a plastic laminate inner panel and a 
balloon-type rubber gasket. Counterbal¬ 


ancing springs and a lid latch with provi¬ 
sions for locking are standard equipment. 

44. Upright freezers have followetl the 
pattern of household refrigerators or the 
larger reach-in refrigerators. Interior locker 
doors on the face of the food compartment 
behind the main door are used to reduce 
air spillage when the main door is opened 
and may be arranged to form convenient 
loading shelves when open. The question 
of air spillage from upright cabinets lias 
received considerable attention. Labora¬ 
tory tests comparing chest and upright 
types indicate no significant difference in 
operating costs with a door opening fre¬ 
quency of 2 per day.® When the opening 
frequency is high, as in a commercial dis¬ 
pensing cabinet, the frost accumulation in 
the upright type may become objection¬ 
able, but in household use this objection 
has not been experienced. 

45. Since a household freezer may be 
operated in damp locations such as a 
cellar or may be used in a modern kitchen, 
it is important that exterior surface tem¬ 
peratures be kept high enough to avoid 
objectionable condensation. The surface 
adjacent to the breaker strips is usually 
the critical area in this respect. A mini¬ 
mum cross-sectional area of materials of 
low thermal conductivity consistent with 
durability must be used. Air circulation 
across the surface of the breaker strips 
should be retarded as much as possible. 
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This should be accomplished by restriction 
rather than isolation of the air as the latter 
course will lead to a troublesome frost con¬ 
dition.^® Surface temperature depressions 
of 4 to 5 fle^^rees below ambient in a 70 F 
room should be acceptable. To insure free¬ 
dom from condensation at this area, some 
manufacturers have used a low wattage 
insulated heater wire attached to the inner 
shell surface near the top. Center mullions 
in multiple lid cabinets are frequently a 
source of condensation. It is advisable to 
provide for free air circulation under the 
cabinet to avoid condensation under the 
bottom pan. 

46. Insulation thickness varies widely 
but figures on 1049 freezers indicate that 
approximately 4 inches is used on the 
average except for the lid where consider¬ 
ably less insulation is usually provided.^® 
Insulation has been predominantly of the 
glass fibre and mineral wool types in batt 
form. The so-called high density form of 
these insulations which offers slightly 
better insulation than standard grades 
has been extensively used. Recent changes 
in manufacture of these fibrous insulations 
have produced finer fibers with more 
insulating value per dollar of cost. Silica 
aerogel, certain expanded plastics and 
special gases replacing the air in mass in¬ 
sulation offer interesting possibilities for 
increasing tlie sttirage space by reducing 
the insulation volume with materials of 
exceptionally high insulating value. 
Since a substantial portion of the heat 
leakage of a cabinet occurs through the 
gaskets, breaker strips and mechanical 
supports, it is difficult to realize com¬ 
pletely the gain in insulating effect indi¬ 
cated by the low conductivity factors of 
these materials. 

47. A high resistance to moisture vapor 
penetration through the outer shell of a 
freezer cabinet is of the utmost importance 
for satisfactory performance during the 
long operating life normally expected. 
While the accumulation of moisture in the 
insulation by the process of diffusion can 
be controlled by mediocre sealing of the 
shell, the influx of moisture laden air due 
to the small changes in internal air pressure 
which occur with cycling of the refrigerat¬ 
ing unit (and the less frequent pressure 
changes due to door openings) is inde¬ 


pendent of the area of the opening. In 
actual practice the pressure difference ma}’’ 
be continually equalized by some venting 
arrangement such as the lid or door gasket, 
but the design must be such that the mois¬ 
ture entering such a vent will be deposited 
on a surface where it can be readily re¬ 
moved during defrosting. The process will 
work effectively only if the shell is sealed 
to a point where its resistaiu'e to air flow is 
much greater than the re.si.stanco of the 
venting means.’® Joints in the external 
shell are sealed with various forms of wax, 
tars, and plastisols. Tlie effectiveness of 
sealing has been effectively checkefl by 
both air pressure and vacuum methods. 

48. The question of condensing unit 
location has received three treatments. The 
small sizes of cabinets generally have a 
shallow foC'd compartment whicli allows 
the condensing unit to be located under 
the bottom insulation. Thi.s arrangement 
offers a more accessible interior than the 
deeper compartments, but the ratio of 
floor area to usable volume is high. The 
lowest ratio of floor area tt) usable volume 
is offered by the de.sign which locates the 
compressor under a step in the foorl com¬ 
partment. This arrangement, which may 
require more costly fabritiation, offers a 
convenient fast freezing zone if the bot¬ 
tom as well as the vertical surfaces of the 
.shallow portion of the liompartnient is re¬ 
frigerated. In the larger cabinets the con¬ 
densing unit may be contained in an en¬ 
closure added to one end of the insulated 
cabinet. This design usually results in 
waste volume above the condensing unit, 
and in some ca.ses, this has been arranged 
as a food thawing zone or a storage com¬ 
partment for wrapping materials. 

49. Equipment for the convenience of 
the user which may be factory installed or 
sold as accessories include such items as: 
wire shelves, ba,skets and partitions, in¬ 
terior light, temperature indicator, warn¬ 
ing device, and insurance policies covering 
the contents of the freezer against loss by 
certain types of refrigeration failure. 

Refrigerating Systems 

50/The evaporator in the majority of 
chest type freezers today con.sists of tubing 
bonded to the exterior surface of the food 
compartment. Generally the tubing is 
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placed only on the/vertical Walls except 
where it is desired to form a fast freezing 
surface by refrigerating a portion of the 
bottom or a shelf. A common form of this 
type of evaporator uses copper tubing 
which is held against the exterior of the 
compartment wall by various types of 
clips or clamps. A mastic with good 
thermal conduction may be useci/as a 
filleting material. Aluminum food com¬ 
partments and aluminum tubing may be 
joined in an intimate mechanical and 
thermal bond by the use of a special braz¬ 
ing process. The expensivel/equipment re¬ 
quired for this process as^ well as subse¬ 
quent surface treatment of interior surfaces 
has limited its use. The use of aluminum 
evaporator tubing introduces a special 
problem where connections are made to 
tubes other than aluminum. This prob¬ 
lem may be solved by the use of special 
pre-welded joints which are brazed in 
place by the customary processes. Wide / 
variations are found in the choice of tube 
spacing and length. The factors of cost 
and pressure drop in the evaporator tubing 
dictate a short tube length on necessarily 
largo^ centers^ whereas the factors of tem- 
pera^ture drop from tube to wall and in the 
wall between tubes call for a long tube 
length and small center distances. Chest 
type freezei\ evaporators are also formed 
from refrigenited plates mounted verti¬ 
cally, parallel to the food compartment 
walls, or as dividers between sections. 
These plates may be of tube and plate 
type, or/the brazed double wall type with 
integral refrigerant passages. Upright 
freezer evaporators usually consist of 
horizontal refrigerated plates which act as 
shelves. Another evaporator system con¬ 
sists of a plate surface' cooled by the 
primary refrigerant in the upper part of 
the cabinet and a coil surrounding the 
food compartment which receives its re¬ 
frigeration from a secondary refrigerant 
in heat exchange relation with the primary 
system. (Fig. ID.) This system is attrac¬ 
tive from the standpoint of offering a food 
compartment free of frost, a cold plate 
for fast freezing and localization of frost 
and the sealed, removable refrigerating 
unit which has proved so successful in 
household refrigerators. However, the cost 
of such a system is relatively high, and a 



Fig. 19. 6-cu ft Upright Homo Freezer 

1. Evaporator with Becondary system Dondenser at- 

lachBd at back 

2. Temperature adjuatiiiK knob 

3. FreezinK eomparlment 

4. Defrost tray and ehelf 
.■S. Compartment doors 

6. Secondary svatem evaporator coila on sides, back and 
bottom of compartment 

careful design is required to avoid exces¬ 
sively low evaporating temperatures with 
resultant loss in refrigerating unit ca¬ 
pacity. 

Condensing Units 

51. Experience in the household re¬ 
frigerator industry has indicated the use 
of hermetically sealed systems with capil¬ 
lary tube expansion device for freezers 
where reliability is of paramount im¬ 
portance^ (Fig* 20). Ease of replacement 
should be considered. 

52. The low suction pressures involved 
in this application require good compressor 
construction with high volumetric efli- 
ciency. Compressor motor loads will be 
relatively light in normal operation but 
sufficient power must be available for the 
initial pull-down of a warm cabinet or over¬ 
loading due to excessive freezing loads. 
The selection of compressor lubricating oil 
involves the consideration of wax pre¬ 
cipitation at the low temperatures and 
special oils which will meet this require¬ 
ment should be used.^“-“-‘^ Permanent de¬ 
hydrators in addition to thorough factory 
dehydration are frequently included in the 
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refrigerant circuit as the moisture limit in 
these low temperature systems is extremely 
low." 

53. Condenser design has followed 
closely the household refrigerator practice 
in both static and forced draft types with 
some manufacturers using all or a portion 
of the cabinet shell as a plate condenser. 
As in compressor motor design the normal 
condenser load will be relatively small, 
but adequate capacity for peak loads must 
be provided.'^ 

54. Freon-12 refrigerant is commonly 
used in this application. Freon-22 re¬ 
frigerant has been used to some extent. 
The increase in refrigerating effect of this 
refrigerant over Freon-12 for the same 
displacement compressor sometimes offers 
economic possibilities by using an available 
mass produced compressor to operate a 
larger freezer or to operate a freezer in 
place of a refrigerator. Such a change 
should involve a reconsideration of the 
design of the condenser, expansion device, 
motor characteristics and evaporator with 
regard to the higher pressures and in¬ 
creased quantity of heat to be handled, 
and the difference in interaction with the 
compressor oil between the two rp- 
frigerants.i’'^"'2" 

55. While capillary tubes are usually 



Fig. 20. 16-cu ft Chest Type Freezer 

1. Ckindensing unit 

2. Wall cooling coils 

3. Locking lid handle 

4. Storage campariment 

6. Breaker strip cddb traction 

Q. Plastic laminate inner lid pan 

7. Capillary tube pxpaiieiun device 


used on the household sizes of freezers,*^ 
thermostatic expansion valves may be 
used, but particular attention is required, 
because of the small pressure change avail¬ 
able for operating the valve at the low 
temperature range in this application.®^-” 

56. Temperature controls for operating 
the refrigerating unit of household freezers 
are standard devices designed to operate at 
the required temperatures. The location 
of the temperature sensitive element re¬ 
quires careful consideration. A constant 
temperature of tlic stored load is highly 
desirable from the standpoint of preserving 
quality products for long periods of stor- 
age.®'*-®®'®® Temperature variations due to 
cycling of the refrigerating unit as well as 
those due to changes in ambient tempera¬ 
ture should be held to a iiuninium. If 
possible, the temperature control should 
automatically call for continuous opera¬ 
tion of the lefrigerating unit until frcsli 
loads of food are frozen. 

Storage and Freezing Temperatures 

57. Extensive research in the field of 
the quality of frozen foods versus storage 
time and temjierature has establislieil a 
temperature of 0 F as satisfactory for 
most foods for a storage period of six 
months to a year.®®-®®'®^ Certain foods, 
particularly pork and its products, require 
either lower tem|)eratures or sliorter 
storage periods.®”-®® 

58. The effect of the rate of freezing on 
the quality of frozen foods has been ex¬ 
tensively explored. Early authorities liave, 
perhaps, overstressed the necessity of 
quick freezing. A summary of the litera¬ 
ture leads to the conclusion that high 
quality can be achieved with relatively 
slow freezing providing that recommenda¬ 
tions regarding the other factors in this 
process of food preservation are carefully 
followed.®® In the design of the household 
sizes of freezers provisions should be made 
for the freezing of limited quantities of 
food in proportion to the size of the freezer, 
and specihe instructions should be avail¬ 
able to the user as to the proper placement 
of food to be frozen and the maximum 
quantity that may be frozen in 24 hours 
without seriously disturbing the stored 
load temperature. The maximum rise in 
storage temperature has been considered as 
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5 dei;rces.^‘’ On the asBumption that in¬ 
structions are followed, the provision of 
such freezing facilities will insure the rapid 
cooling of the warm load to a point where 
spoilage is at a minimum. Freezing by con¬ 
tact with horizontal refrigerated plates or 
by rapidly moving air offer the best possi¬ 
bilities for quick freezing in the house¬ 
hold freezer.’*^ Adequate condensing unit 
capacity will be required to carry the 
recommended freezing load in addition to 
the normal operating load. 

Refrigeration Failure 

59. Since the financial loss through 
spoilage of the contents of a freezer can 
be of serious magnitude the problem of re¬ 
frigeration failure has received consider¬ 
able attention.The effects of ambient 
temperature, quantity of stored load, 
door openings, and individual cabinet heat 
leakage seriously affect any estimate of the 
time available between loss of refrigeration 
and spoilage temperatures. In general, 
thawing of at least part of the food may be 
expected within 30 hours and tempera¬ 
tures exceeding a safe limit of 50 F may 
occur in 75 hours. The application of dry 
ice is recommended as a temporary source 
of refrigeration. 

Early knowledge of the failure of re¬ 
frigeration is of primary importance in 
avoiding food spoilage. A variety of warn¬ 
ing devices and temperature indicators 
are available. These devices arc offered 
by many freezer manufacturers as stand¬ 
ard equipment or as an accessory. To ob¬ 
tain the maximum protection the thermal 
element of such a device must be carefully 
located with regard to temperature dis¬ 
tribution within the freezer.'’^ 

Food Processing and Packaging 

60. Regardless of the excellence of the 
freezer design and manufacture with re¬ 
gard to the points covered in this article 
the user of the freezer must be made fully 
aware of his responsibilities in its use and 
in the fundamental steps of food processing 
and packaging in order to achieve a high 
quality product.®^-®®-®’’ Only the essentials 
of this process can be mentioned here. 
These consist of: a high quality fresh 
product of proper maturity and recom¬ 
mended variety, the shortest possible time 


between picking and freezing of certain 
types of vegetables and fruits, uniform 
scalding of vegetables plus immediate cool¬ 
ing, cleanliness, and packaging in mois¬ 
ture vapor proof material with the maxi¬ 
mum possible exclusion of air from the 
package. 

Testing and Rating 

61. The testing and rating of household 
freezers is covered by National Electrical 
Manufacturers Association Publication 45- 
106, quoted in part below. 

HR9-5. Rating the Storage Capacity for Home 
Freezers 

A. Food Storage Volume Rating 

1. The storage volume of home freezers shtill be 
the volume in nubie feet of the spate specifi¬ 
cally arranged for the storage of frozen foods, 
except as modified in paragraphs 2 and [i. 

2 . The volume of any space arranged for freez¬ 
ing shall be included in the storage volume 
since this space may also be used for storage. 

3. In determining the storage volume, the vol¬ 
ume of permanently fixed shelves and parti¬ 
tions shall be deducted from the gross vol¬ 
ume. 

B. Food Storage Weight Rating 

The storage volume rating may be supple¬ 
mented by a food storage rating which shall be 
35 poimds per cubic foot of storage volume. 
(See Note 1.) 

Example. Storage volume 0 cu ft 

Food storage capacity, 21 f) lb 

Note 1. —Approximately 40 lb per cu ft loading 
is obtained with uniforin size packages of chopped 
meat or fruits in syrup. Approximately 30 to 35 lb 
per cu ft loading is obtained with miscellaneous 
meats in family-size cuts. Ajiproximately 25 to 30 
lb per cu ft loading is obtained with an assortment 
of packages, including fruits, vegetables and mis¬ 
cellaneous cuts of meat. 

Note Z. —It is recommended that the manufac¬ 
turer include in his user instructions the maximum 
number of poimds of fresh foods which sliuidd be 
frozen in any 24 hr period. 

Codes and Specifications 

1. American Standards B38.1-1944. Method of 

Computing Food Storage Volume and Shelf 
Area of Automatic Household Refrigerators. 

2. American Standards B38.2-1944. Test Pro¬ 

cedures for Household Electric Refrigerators 
Mechanically Operated. 

3. American Standards B9.1-1950. Safety Code 

for Mechanical Refrigeration. 

4. Underwriters Laboratory Standard for Unit 

Refrigerating Systems, dated Feb. 1944. 

5. National Electrical Manufacturing Association 

1950. General Specifications for Household 
Refrigerators. 
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6. American Standards Z21-19, 1936. Approval 
Rei^mrements for Refrigerators Using Gas 
Fuel. 
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30. INSULATION OF CABINETS 


A MODERN refrigerator cabinet must 
be designed and constructed so that 
the heat flow rate from the surrounding 
room into the interior space is reduced to a 
point where a refrigerating unit reasonable 
in initial cost, operating cost, and practical 
in regard to weight and size can m^ntaiu 
consistently satisfactory refrigeration tem¬ 
peratures. 

In addition, a suflicienbly large tem¬ 
perature differential between inside air 
and outside surface must be introduced to 
maintain the outer surface at a tempera¬ 
ture close enough to the ambient that un¬ 
desirable water condensation on the ex¬ 
terior does not occur. 

Cabinet design features and details, 
type and thickness of insulation selected 
and used, and the quality and uniformity 
of manufacturing operations all effect the 
overall heat leakage of the completed re¬ 
frigerator cabinet. 

Cabinet Design Features 

In addition to the heat flow through 
the insulated walls an appreciable portion 
of the total cabinet heat leakage is a result 
of heat flow through structural members, 
edge construction, door structure, latch 
mechanism, faulty gasket, seals, etc. 

To minimize conduction through struc¬ 
tural parts and particularly the conduc¬ 
tion termed edge losses, structural and 
trim members should be as small in size 
as is consistent with good mechanical 
design, and should be made of low thermal 
conductivity material possessing the char- 
acterististics required. Highly conductive 
"bridges’^ such as unfilled voids, unbroken 
metallic connections, or insulation dis¬ 
placing functional parts or devices often 
become heat-flow paths that greatly in¬ 
crease the localized conductivity. Surface 
condensation troubles most frequently 
arise in areas where such highly conduc¬ 
tive bridges occur. Latch and hinge areas 
are particularly apt to prove troublesome 
in regard to objectionable surface con¬ 


densation. In Figure 1, if the dew point 
of the room air lies between! the tem¬ 
peratures of points X and Y, sweating 
will occur on the refrigerator surface 
at Y. 

The extra-insulation cabinet heat leak¬ 
age can be minimized through the: 

a. Careful avoidance of direct metallic 
connection between interior and ex¬ 
terior parts. 

b. Use in both the door and cabinet 



Fig. 1. Temperature Gradient 

(Shows that point Y on exterior shell nf high couductance 
eeotioD B-B u at a considerably lower temperature than 
point X on exterior ehell of low condurtanoe eeation A-A.) 
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propBF of present day available 
plastics for both major and minor 
structural members—particularly for 
bridging between metallic structural 
parts. 

c. Use of plastics for breaker-strips or 
other functional anil decorative trim 
parts. 

d. Use of resilient rubber or other 
elastomer door gaskets plus effective 
door latching mechanisms that com¬ 
bine to provide non-leaking door 
seals. 

e. Careful similar attention to leakage 
at all other necessary f)penings 
tlii'ougli the insulated walls such as 
cooling unit, connecting tubing and 
other entries. 

In some cases design features or details 
at certain regions, such as the dividing stile 
or transom in multi-door cabinets, f!an 
at best not result in surface temperatures 
high enough to avoid ol)jectienable sur¬ 
face condensation. In such cases electrical 
heat is frequently added to further elevate 
the surface temperature. 

Selection of Insulation 

The charactoristics of an insulating 
material that are of major importance in 
the selection of a suitable material for re¬ 
frigerator cabinet use are: conductivity, 
overall cost, permanence, and low odor 
level. Other characteristics of varying de¬ 
grees of importance are: density, moisture 
resistance and other moisture-related prop¬ 
erties, healtli hazards, flammability, and 
insect and vermin repellent qualities. 

As the decision regarding the thickness 
of insulation most suited for use in a 
specihe refrigerator caV)inet involves con¬ 
sideration of several of these charneter- 
isties, we will first discuss these, and then 
treat the subject of thickness selection. 

a. The conductivity of the insulation 
is expressed as k, expressed in Btu in. 
per sq ft hr F temperature differ¬ 
ential. Current refrigerator cabinet 
practice uses insulations with k fac¬ 
tors in the range of .24 to .28. How¬ 
ever, insulations are available and 
may be used with conductivities 
ranging from approximately .145 
(opacified silica aerogel) to .36 (semi¬ 


rigid cellulosic building board). 

The relationship of insulation k factor 
to heat transmission rate through the 
refrigerator wall is discussed later 
under "Cabinet Heat Transmission 
Rate." 

b. The overall insulation cost includes 
numerous factors: 

1. Basic cost of the insulation. This 
may be the approximate average 
of about 1.8 cents per board foot 
for the insulations commonly used 
or may run as high as 15 cents or 
more for some of the less com¬ 
monly used materials. 

2. Cost at point of application. Thi.s 
cost reflects the availability of the 
material, shipping charges to place 
of use, handling and storage costs, 
and cost of preparation. Some in¬ 
sulating materials are so fragile 
that special and costly handling 
and storing facilities must be pro¬ 
vided. 

3. The over all-cost of any insulation 
study must include the cost of in¬ 
stallation in the cabinet. Noii- 
fragile materials that are quickly 
and satisfactorily installed in the 
cabinet under construction ol)- 
viously have a cost advantage 
over materials requiring special 
handling, frequent repairs or 
patches, or the payment of bonus 
lal)or rates due to skin irritability 
or other objectionable features. 
Some insulating mateiials may be 
blowui into the insulation spaces 
and direct hand api)lication thus 
avoided. However, the use of 
easily handled materials, the cor¬ 
rect dimensioning of insulation 
pads, the uniform maintenance of 
sizes by the supplier, w^ell designed 
cabinets, and well planned as¬ 
sembly procedures have combined 
to make possible very low ap¬ 
plication costs. 

c. The permanence or life of the insula¬ 
tion depends upon the chemical and 
mechanical stability of both the raw 
materials and the finished insulation. 
Freedom from shrinkage due to loss 
of water or any other constituent 
and freedom from settling caused by 
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jarring and vibration during manu¬ 
facture, crating, handling, shipping, 
installing and either normal or ab¬ 
normal use are of major importance. 
Only insulating materials that pass 
the most rigid jolting, dropping, and 
vibration tests can be considered for 
modern refrigerators. 

d. The insulating material itself as well 
as all materials which may be used 
in conjunction with it such as binder, 
sealer, wrapper, or container must be 
low in odor and taste level, unless the 
specific usage so seals the insulation 
that odors are positively retained and 
prevented from contaminating the 
food space or its contents. In addition 
to not possessing an odor of its own a 
truly satisfactory insulation should 
also not pick up ami retain odors to 
which it may be accidentally sub¬ 
jected. 

e. The density of the insulation is 
actually a factor in the overall cost. 
Heavy insulations increase total costs 
through higher transportation, han¬ 
dling and storage costs for both the 
insulating material and the eornpleted 
refrigerator. 

For mobile equipment the density 
becomes of greater importance be¬ 
cause high density insulations de¬ 
crease the ratio of pay-load to gross 
weight. As a result, the density factor 
combined wdth the k factor may be of 
greater importance than the basic 
cost of the insulation. 

f. Moisture Resistance—Cabinet Seal¬ 
ing. This characteristic was omitted 
from the listing of major properties 
because present day good design and 
manufacturing practice call for prac¬ 
tically vapor tight barriers that pre¬ 
vent the entrance of moisture laden 
air into the insulation syjace and the 
subsequent deposition of water at all 
points lower in temperature than the 
dew point of the entering air. By 
thus eliminating water in contact 
with the insulation the properties of 
moisture resistance, capillarity and 
effect of moisture on the k factor be¬ 
come of minor importance. As only 
a few insulating materials do not de¬ 
teriorate when wetted, the impor¬ 


tance of maintaining dry insulation 
cannot be over emphasized. In most 
modern day cabinets the vapor seal 
required is effected by designing the 
cabinet structure of sheet steel with 
a minimum of joints and sealing all 
unavoidable joints W’ith effective and 
permanent scaling compounds. As¬ 
phalt, waxes, and compounded mas¬ 
tics are commonly employed. 

As a truly hermetically sealed cabinet 
is not practical or attainable in all 
cases in large volume production, com¬ 
mon refrigerator design for some 
types calls for accidental or even in¬ 
tentional openings from the insula¬ 
tion .'^paee to the low humidity re¬ 
frigerator interir/. However the ad¬ 
vent of refrigerator ty])cs with low 
tem])cr itui e refrigerated coils within 
the insulation si)acB has necessitated 
even closer attention to the ol)taining 
of a good warm-side vapor barrier 
and has even directed some attention 
to vapor seals tf) the cabinet interior. 
This is especially true in tlesigns in 
which a single insulMtion space en¬ 
closes several comijartments at vary¬ 
ing temperatures and humidities. 
Easy afuiess r)f air from a high teni- 
perature higli humidity compart¬ 
ment may result in diastrous w^■xtcr 
fleposition around a low temperature 
comj)artment. 

g. Freedom from Health Hazards. Va¬ 
por, du.st, loose particles, etc. arising 
from the insulation during cutting, 
handling, moving, applying, etc. must 
not introduce definite health hazards 
or even be sufficiently objectionable 
to cause serious personnel problems. 
Minor personnel problems arising 
from objectionable but not seriously 
hazardous pulmonary dust and skin 
irritation cases from otherwise very 
desirable insulations can usually be 
solved by selecting personnel of re¬ 
duced specific sensitivity and in some 
cases by a pay rate bonus. 

h. Flammability is of minor importance 
after assembly into the cabinet, but 
may be of some importance relative 
to handling and storage. 

i. Insect and Vermin Repellent Quali¬ 
ties. In currently produced well sealed 
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refrigerators this property is of minor 
importance. However for universal 
use insulating materials that are re¬ 
pellent as food or home for insects and 
vermin have an advantage. 

Types of Insulating Materials 

Many different materials and types of 
materials have been used and considered 
for use in refrigerator cabinets. It is not 
within the scope of this chapter to discuss 
at length the many possible materials. For 
reference to further information and dis¬ 
cussion of the various insulating materials 
see References 1 through 15 in the ap¬ 
pended bibliography. Frequent classifica¬ 
tions have been made as to types, for 
example: organic, inorganic, cellulosic, 
fibrous, rigid, semi-rigid, bulk, loose-pack, 
derived from plastics, powder, natural air- 
cell, air-cell fabricated, cellular, reflective, 
vacuum, filled-vacuuin, gas-filled cell, sub¬ 
ultra microscopic air cell, and others. Cur¬ 
rently, the insulation used in the majority 
of refrigerator cabinets is the inorganic 
type—mineral, rock, or glass fiber, either 
nonrigid felted, or formed. Application is 
by sized and pre-cut slabs or batts. 

Thickness of Insulation 

The design thickness of insulation, other 
cabinet design details, and the k factor of 
the insulation selected, are important fac¬ 
tors in determining the overall heat leak¬ 
age rate of the refrigerator cabinet. In the 
determination of the thickness to be used 
a compromise must be effected between 
several related factors. These include; 

a. The relationship of k factor and cost. 
In some instances an insulation with 
a k factor of .26 and a cost of 1.8 cents 
per board foot may be the most eco¬ 
nomical, whereas in other cases an 
insulation with a k factor of .22 and a 
cost of 3.2 cents per board foot may 
be dictated, 

1). The relationship of k factor, insula¬ 
tion cost and other numerous possible 
manufacturing costs. To avoid the 
cost of tooling for a differently sized 
cabinet an 8 cu ft refrigerator might 
advisedly be turned into a 9 by the 
use of higher cost but lower k factor 
insulation. 


c. The evaluation made and emphasis 
placed on the ratio of usable in¬ 
ternal volume to bulk space oc¬ 
cupied. For “cramped-quarter” us¬ 
age such as apartment kitchens, 
trailers, yachts, the use of high priced 
low k insulation may be advisable, 
purely for the reduction in refrigera¬ 
tor size. 

d. The effect of an unequal temperature 
gradient through the several walls of 
a refrigerator resulting from design 
or use factors—for example, the effect 
of a warm refrigerating unit or part of 
a unit below or in back of the cabinet. 

e. The external surface temperature de¬ 
pression considered as acceptable 
without encountering objectional 
sweating. Manufacturers have various 
criteria as to what is an acceptable 
value. For example: 

1. One manufacturer may aim for a 
limit of an 8 deg F temperature 
difference when operating in a 100 
F ambient. 

2. Another may use a rule-of-thumb 
requiring IJ in. of insulation for 
40 F inside temperature and 2\ 
in. for 0 F. 

3. A third may aim for a slight con¬ 
densation pattern at 85% rh in a 
90 F ambient. 

In some localities at some hours wet bulb 
temperatures are within a few degrees of 
dry bulb temperatures. Designing so that 
absolutely no surface condensation results 
under such conditions is impractical. De¬ 
sign conditions are usually considered ac¬ 
ceptable that keep condensation to a mini¬ 
mum, and prevent it for sustained periods 
which would result in water trickle down¬ 
ward over the surface. 

Cabinet Heat Transmission Rate 

The heat transmission rate for the 
cabinet is determined by the previously 
discussed items of: cabinet design features, 
k factor of insulation selected, thickness of 
insulation used. The rate of transmission 
may be calculated thus: 

a. Wall insulated with one material 

kA (fi — ti) 
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where: Q = heat transmission rate in Btu 
per hr 

^ = conductivity of insulation, Btu 
in. per sq ft hr F 
A = mean wall area, sq ft 
= temperature of refrigerator 
outer surface (warm side), F 
^2 = temperature of refrigerator in¬ 
terior surface (cold side), F 
L = average wall thickness, in. 
b. Wall insulated with several materials 
in series having thicknesses of Li, L 2 , 
La, etc. and respective conductivities 
of ki, kif etc. 

Q “ I/yl (ii — 

The value f/ is a heat conductance 
value for the composite wall section 
in Btu per sq ft hr F and is deter¬ 
mined from: 


V 


Li Li Li 
=—+—+—+ Btn. 
ki hi ki 


A cabinet heat transmission value so cal¬ 
culated may be in error in several respects. 

a. Edge losses, door losses, etc. are neg¬ 
lected, and these increase the actual 
transmission value to above the cal¬ 
culated value. 

b. The selected values of ii — ii are usu¬ 
ally not the correct values for the in¬ 
sulation itself. If, i\ and fa are respec¬ 
tively the outside and inside air tem¬ 
peratures, the difference of k — ti, 
may exceed the true Af across the 
insulation 6 to 12 deg F. Since the 
Af used in the calculation exceeds the 
true Af, the calculated heat trans¬ 
mission rate will exceed the actual 
value. 

It has been noted that for some cabinets 
of current conventional design and con¬ 
struction the error of (a) above approx¬ 
imately equals the error of (b) when air 
temperatures are used for i\ and U, and 
therefore, the calculated value approxi¬ 
mates the test value. 

Several test procedures'^ for determining 
a cabinet heat transmission value are in 
use. Frequently a measured electrical heat 
load is added to the cabinet of a non¬ 
operating refrigerator placed in 50 F room. 
The heat load is varied to a value that re¬ 
sults in inside temperatures approximately 
60 F above the test room temperature. 


Conditions are thus reversed from usual 
operating conditions. Measurements of the 
electrical heater input and the resulting 
actual Af established easily permit calcu¬ 
lation of a heat transmission factor for the 
specific cabinet on test. Such test results or 
cabinet evaluations may be expressed in 
units of Btu per hr for a one degree tem¬ 
perature differential or in lb IME (ice 
melting equivalent) per 24 hr for a 60 deg 
F Af. (One lb IME equals 144 Btu.) 

Factory Production Factors 

a. Shipping, storage, and handling— 

The use of pre-cut bats of low den¬ 
sity insulation, while very common, 
requires large inventories, and sub¬ 
sequently large storage space and 
related handling facilities. This is 
especial!}' true in large volume pro¬ 
ducing operations in which several 
different sized insulation pads are re¬ 
quired for each of several different 
sized cabinets. Shipment of bulk in¬ 
sulations in a high density state and 
then reducing to a usable low density 
state is one approach to lower ship¬ 
ping and storage costs. A half-way 
measure currently in use is shipping 
and storage in a somewhat com¬ 
pressed state. This method is obvi¬ 
ously applicable only with insulations 
that have enough resilience to recover 
sufficiently from the compressed state 
to regain the density and physical 
properties required. 

b. Quality control—The best cabinet 
and insulation designs and specifica¬ 
tions may be entirely negated by 
faulty production line operations. De¬ 
tection of insulation defects in as¬ 
sembled cabinets is difficult. To min¬ 
imize the frequency of such defects, 
cabinet and insulation designs that 
permit rapid, simple and easy assem¬ 
bly of the insulation are particulary 
valuable. Other factors that aid in ob¬ 
taining a uniformly satisfactorily in¬ 
sulated cabinet are: Selection of 
responsible labor personnel, adequate 
supervision and periodic or frequent 
checks by inspection personnel. 

Refrigerator Performance Tests 

The adequacy of the insulation design 
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and the compliance with this design are 
obviously factors entering into the overall 
refrigerator performance. Consequently 
performance tests, which should be con¬ 
ducted in accordance with ASA Standard 
B 38.2*® are valuable to a large degree in 
determining whether or not the refriger¬ 
ator cabinets are satisfactorily insulated. 

A valuable adjunct to the ASA B 38.2 
tests is exploratory surface temperature 
measurement with fine-wire and small- 
mass "touch” thermocouples. A satisfac¬ 
tory approximation of the exact surface 
temperature depression below ambient, as 
discussed in Par. (e) under "Thickness of 
Insulation,” can be determined in this 
manner. 

More exact test information in regard 
to surface temperature conditions can be 
determined by gradually raising the hu¬ 
midity in the performance test room and 
observing: 

a. The areas at which tumdensation first 
occurs. 

b. The location and extent of the sweat¬ 
ing areas at some specific tempera¬ 
ture and relative humidity condi¬ 
tions. 

As good "long term” performance may be 
distinguished from "as new” performance, 
and as the continued performance over a 
period is largely dependent upon cabinet 
seal, methods of evaluating the cabinet 
seal will be described further. 

Seal Tests 

a. Vacuum tests'®—A quickly applied 
test, that may be conducted on the 
refrigerator either after or before the 
door assembly, provided a temporary 
closure is provided, is by removing air 
from the insulation space with a 
vacuum pump until a pre-selected 
vacuum reading is obtained. The rate 
of return to atmospheric pressure 
shows the effectiveness of the cabinet 
seal. Semi-automatic well designed 
test stations have been put into oper¬ 
ation that make it feasible to test 
cabinets on a production assembly 
line. In such setups, electrically oper¬ 
ated timing and indicating devices 
show whether or not cabinets meet 
the pre-selectcd standard that is re¬ 
garded as an adequate air-tight seal. 


b. Air pressure tests^"—In some in¬ 
stances a low value positive air pres¬ 
sure is applied to the insulation space 
instead of the vacuum as described. 
In such tests the rate of loss of pres¬ 
sure indicates the quality of the seal. 
The air pressure test setup can be 
made semiautomatic to the same de¬ 
gree as the vacuum test apparatus. 
However, in some instances in order 
to avoid damaging sealed joints by 
expansion, as the air pressure is ap¬ 
plied, reinforcing fixtures must be 
employed. 

Both the vacuum and air pressure 
tests determine the size of seal leaks 
present but do not show the location 
of the leaks. A leak locating method 
that can be easily used to supplement 
the pressure type test is the common 
s0ap-water-bubble test. 

c. Vapor tests—The combination of F- 
12 vapor introduced with slight posi¬ 
tive pressure and a sensitive halide 
leak detector, preferably of the elec¬ 
trical type, affords a method f)f de¬ 
tecting the presence as well as the 
location of seal-leaks. 

Another extremely sensitive test and 
probably the one which most accu¬ 
rately determines the exact location 
of the leaks is the use of ammonia 
vapor under slight positive pressure 
in the insulation space with the hand 
application of whetted phenolj)hthal- 
ein paper over all joints or areas 
where leaks are possible. Tlie slightest 
leakage of ammonia results in a pink 
or red stain on the test paper. These 
vapor tests are not quick tests as com¬ 
pared with the vacuum or air pressure 
tests, and are applicable only as 
laboratory tests or small percentage 
production tests. More reliable and 
more quickly obtained results are ob¬ 
tained with the vapor tests if con¬ 
ducted without insulation in the in¬ 
sulation space. Consequently, if so 
conducted, the application of vapor 
tight closures to all openings, such as 
door and unit openings, further com¬ 
plicates the test procedure. 

d. Humidity room performance—Direct 
tests of the efficacy of the cabinet seal 
in keeping the insulation dry are con- 
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ducted by further adjuncts to the 
ASA B 38.2 tests in which the re¬ 
frigerator is operated over an ex¬ 
tended period in a high humidity 
room. Conditions of 100 F and 90 % 
rh or 90 F and 85% rli are often 
maintained. Test periods of 30 days 
with a disassembly and analysis for 
water accumulation w'ithin the in¬ 
sulation are sometimes employed. 
How'ever, tests extending over a three 
months’ period produce more reliable 
results. 

Some of the main objectives of cabinet 
insulation, and cabinet seal required for a 
long maximum efficiency life for insulation, 
are the minimization of energy consump¬ 
tion and the maintenance of that energy 
input level. Consequently, tlie most direct 
evaluation of the degree to wdiich these 
objectives have been attained as obtained 
by a humidity room operating tests. In 
such a test, energy consumption is ob¬ 
tained in an ASA B 38.2 performance test. 
The refrigerator is then operated in the 
humidity room selected for a period vary¬ 
ing from one month to twelve months and 
the B 38.2 energy consumption test re¬ 
peated. Correctly designed and constructed 
refrigerators should obviously show no in¬ 
crease in power consumption due to an in¬ 
crease in cabinet heat leakage resulting 
from moisture entrance into the insulation 
space. 
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31. SMALL REFRIGERATING UNITS 


T he term mechanical condensing unit is 
applied to a complete high side of a 
small refrigeration system, from \ hp up. 
It is produced by a score of companies and 
evolves from both industrial and household 
machine practice. The refrigerants used 
arc sulfur dioxide, methyl chloride, Freon- 
22, rreoii-12. The single-acting reciprocat- 
ing type compressor is used almost entirely, 
for both domestic and commercial applica¬ 
tions, although the rotary unit also finds 
use (Fig. 1). Mounting a compressor with 
its drive and motor, condenser-receiver 
and controls on a common base has been 
common up to 75 or 100 hp. 

Air-cooled condensers usual¬ 
ly are confined to units below 
3 hp. In small sizes, two-cylin¬ 
der compressors predominate. 

Larger units tend to favor either 
three cylinders in line, a four- 
cylinder V-type or three, six, 
and eight cylinder W-type ar¬ 
rangements. There are com¬ 
pressors with four cylinders in 
line, but it has been found that 
such units tend to develop more 
vibration than the V-type. V- 
belt drives are common, which 
may or may not be provided 
with automatic adjustable mo¬ 
tor bases for proper belt tension. 

In the smaller sizes, it has been 
found satisfactory to use a mul¬ 
tiple-belt drive which gives a 
very low loading to the belt, 
and any stretch is kept to a 
minimum. With such drives there is no 
need to apply an automatic belt take-up. 
Compressor speeds range from 300 to 700 
rpm, but higher speeds up to 1,750 rpm 
are used. Motors are of high torque, low 
starting current and in most instances 
run at 1,750 rpm. Compressors fitted with 
unloaders can start with normal torque 
motors. 

Domestic Refrigeration Units 
1. Small automatic self-contained re¬ 


frigerating systems as used for domestic 
purposes can be classified according to the 
type of control: (a) high-side float; (b) low- 
side float; (c) expansion valve; and (d) cap¬ 
illary tube (see Chap. 22). 

Fig. 2 shows the approximate extent of 
use of each type, by years. Another clas¬ 
sification is those using reciprocating com¬ 
pressors, against those using rotary com¬ 
pressors. 

Still another classification is made with 
regard to sealing—between the conven¬ 
tional system, the semi-hermetic system, 
and the hermetically sealed system. 

The semi-hermetic system is a com¬ 


promise between the conventional and the 
hermetic systems. The main difference in 
this unit from the conventional type, is 
that it operates at the full speed of the 
motor and both motor and compressor are 
contained in a gas-tight housing. Provision 
is made in the semi-hermetic unit for access 
to valves and pistons so that some repairs 
can be made in the field. However, the fits 
and tolerances in both the semi-hermetic 
and hermetic are such as frequently to 
make it impossible for the usual field shop 
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to do a satisfactory job. Units of this type 
should be returned to the factory for re¬ 
pair. 



Figs. Z, 3,. 4, 5 (top to bottom). Extent of Use of 
VerlouB Types of Domestic Refrigeration Units 

Fig. 2. ClBBBified according to type of control 
Fig. 3. CloBBilied according to sealing 
Fig. 4. Heciproeating or rotary oumpresBors 
Fig. 6. Classified acoording to refrigerant 

The hermetic system has its motor and 
compressor completely contained within a 
sealed housing. No repairs can be made in 
the fields as it is necessary to cut this hous¬ 
ing in order to gain access to the interior. 
Systems using hermetic and semi-hermetic 
units for domestic refrigerators are fabri¬ 
cated BO that the complete high-side and 


low-side equipment is connected, sealed, de¬ 
hydrated, charged and tested as a finished 
assembly before mounting within the re¬ 
frigerator compartment. 

2. Trends in compressor design. The 
reciprocating compressor will give the best 
overall efficiencies because of the more 
positive action of its component parts. It 
has the best volumetric efficiency, the low¬ 
est leakage loss per unit of volume handled, 
and the best power consumption of any 
other compression means. The reciprocat¬ 
ing compressor, however, is at a disad¬ 
vantage when extremely large displace¬ 
ments are required, because cylinder bores 
and strokes or speeds then have to be ex¬ 
cessively large. 

The reciprocating compressor has less 
leakage because of the increased effective 
sealing surface between the piston and 
cylinder, aided by oil as the sealing agent. 
It also lends itself to manufacturing be¬ 
cause the design is adaptable to the usual 
drilling, boring, honing, milling and broach¬ 
ing operations. 

The rotary compressor has worked out 
very satisfactorily for the small domestic 
assembly because of its fewer running parts 
and its adaptation to high speed produc¬ 
tion. It is not as efficient as a reciprocating 
unit, but if exceptionally large condenser 
area is used, lower head pressures result and 
the design is very satisfactory. The rotary 
compressor takes very little space, can be 
operated at high speeds and starts very 
easily. 

The conventional reciprocating compres¬ 
sor, driven by a belt at moderate speeds, is 
usually lubricated by splash lubrication. 
Semi- or full-hermetic compressors, either 
rotary or reciprocating, are usually lubri¬ 
cated with a combination of splash and 
force feed. Some designs use a modified 
form of gear pump which conveys the oil 
to the running parts, while other designs 
use a form of rotary pump on the end of the 
shaft, dipping into the oil sump and flood¬ 
ing working parts with a bath of oil. 

The rotary compressor does not use 
valves but the reciprocating compressor 
uses a reed-type valve assembled in a valve 
plate in the cylinder head. Some types of 
reciprocating compressors vary from the 
conventional design; that is, the cylinder 
is actuated by the crankshaft while the 
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piston is held stationary. Some types com- 
bine the connecting rod and piston by us¬ 
ing an oscillating cylinder, and others use 
the Scotch yoke drive rather than the con¬ 
ventional crank or eccentric. 

Two types of rotary compressors are 
being used at the present time. One type 
incorporates a rotating eccentric and one 
blade which is held in the compressor hous¬ 
ing. The other type uses a rotating shaft 
which holds two or four blades, properly 
spaced, and rotates them in an eccentric 
housing. The oil performs an important 
function in maintaining a good seal in all 
rotary compressors. 

Refrigerants 

(See also Chap. 8) 

3. Sulfur dioxide was once the most 
popular refrigerant (Fig. 5), although giv¬ 
ing way to others in recent years. Factors 
favoring sulfur dioxide are that it is very 
stable, it simplifies lubrication problems, 
has good specific volume, elTective latent 
heat, and good operating pressure char¬ 
acteristics. However, due to its irritating 
odor and corrosiveness when combined 
with water, its greatest use is in hermetic 
units. 

Methyl chloride operates at higher pres¬ 
sures and has considerably less corrosive 
action in the presence of moisture, a good 
operating range, and does not require spe¬ 
cial compressor designs. 

Freon-12 is popular because of its low 
specific volume which permits a small dis¬ 
placement compressor. When evaporator 
temperatures are very low (approach 
—40 F), it is desirable to use Freon-22, 
which has characteristics resembling those 
of ammonia and which permits the low- 
pressure designed compressor to develop 
lower evaporator temperatures. 

Freon-22 has recently been taking the 
place of Freon-12 in many general applica¬ 
tions such as air conditioning, water cool¬ 
ing, etc. The reason being that about 
33i% less displacement for the same 
capacity can be secured. Thus in many 
instances a lower cost compressor is pos¬ 
sible than would be necessary with Freon- 
12. F-21, F-114 and methylene chloride 
are sometimes used in rotary units. Iso- 
butane, ethyl chloride and methyl formate 


refrigerants have been used occasionally. 
Ammonia is used in the absorption ma¬ 
chine. 

The lubricant used in domestic refriger¬ 
ating machines has been the subject of con¬ 
siderable study. The oils now used are usu¬ 
ally of the mineral base and must be chem¬ 
ically pure, with special attention paid the 
allowable maximum amounts of water and 
sulfur contents. The viscosity requirements 
are similar to those for small commercial 
machines, differing somewhat due to the 
refrigerants used because of the thinning 
action produced in the crankcase by dilu¬ 
tion with the refrigerant. Oil must be 
heavy enough to provide a good body at 
higher temperatures and still remain fluid 
at temperatures at least 10 to 15 deg lower 
than the lowest temperature likely to oc¬ 
cur in the evaporator. Shown below are 
desirable oil viscosities for the three most 
popular refrigerants, S. U. at 100 F. 

Sulfur dioxide 75-100 

Frcon-12 150-200 

Methyl chloride 150-300 

4. Controls. The pressure-operated ex¬ 
pansion valve is popular for domestic re¬ 
frigeration as it takes up very little room 
and is easily adjusted. However, it is not 
easy to make such a valve cheaply without 
compromising its performance, and for this 
reason it is not used as much as formerly. 
This type of valve also presents a hazard 
in connection with a hermetic system, be¬ 
cause the system must be opened to the 
atmosphere to repair such a valve. 

The low-pressure float has the advan¬ 
tage of simplicity of construction, opera¬ 
tion and manufacture. Also, the float may 
be part of the evaporator and it is adapted 
to quantity production. 

The high-pressure float in its early de¬ 
sign was too cumbersome for domestic re¬ 
frigeration application, but with the 
growth of the package hermetic system and 
refinements in design, it has become in¬ 
creasingly popular. To mount the high-side 
float remote from the cooling coil necessi¬ 
tates the use of an auxiliary refrigerant 
control to prevent the liquid line from 
frosting between the control and the cool¬ 
ing coil. Two of these auxiliary controls 
are in common use, namely, a capillary 
tube or weighted check valve. These sec- 
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ondary throttling devices permit the instal¬ 
lation of the liquid line at room tempera¬ 
tures without the possibility of frosting or 
sweating. With the high-pressure float sys¬ 
tem, very accurate control of the refriger¬ 
ant charge must be maintained; otherwise 
a very slight overcharging will cause ex¬ 
cessive head pressures. 

The capillary tube control system has 
many favorable features, particularly with 
hermetically sealed domestic units, because 
of simplicity of construction, low cost, ab¬ 
sence of moving parts and the permitting 
of balanced pressures for ease in starting. 
When capillary tubes are used for refriger¬ 
ant control, the general practice is to use 
a auction accumulator which prevents 
liquid spill-over to the compressor and thus 
eliminates difficulty in starting of the con¬ 
densing unit. No receiver is used with a 
capillary system. Table 1 shows the general 
practice of capillary tube size for various 
capacities. 


Table 1. Capillary Tube Data for Various 
Conditions (Freon-12) 




Suction 

Size of 
Accumu¬ 
lator, 
cu in. 

Capillary tube 

hp 

Btu/hr 

temp 

F 

Bore, 

in. 

Length, 

ft 

i 

BOO 

18 

8 

.032 

6 

i 

975 

18 

8 

.040 

17 


1,550 

26 

8 

.040 

6 

i 

1,550 

26 

8 

.050 

9i 





.040 

4 

i 

2,125 

26 

12 

.050 

6i 

i 

2,125 

26 

12 

.040 

3 

* 

2,800 

26 

12 

.050 

5 

i 

BOO 

0 

8 

.040 

15 

i 

1,250 

0 

12 

.040 

12 

i 

1,620 

0 

12 

.040 

10 

i 

1,620 

0 

12 

.050 

12 


5. Where quietness is essential, as in the 
domestic unit, the capacitor-type motor 
has proved most acceptable. Its character¬ 
istics lend it to application in hermetic- 
type compressors. The cooling of the motor 
is usually by fins on the housing cover, by 
circulating oil over the motor windings, or 
by permitting the cool return suction gas 
to come in contact with the windings. Con¬ 
siderable research was expended to dis¬ 
cover a satisfactory insulation for the 


motor windings exposed to the refrigerant. 
Neoprene-coated wire, plain copper wire 
insulated with bleached long-flber cotton, 
and a synthetic enamel known as Formex, 
have proved most successful. The assem¬ 
bly must be very thoroughly dehydrated 
and baked under a vacuum. 

All domestic machines use a motor con¬ 
trol to permit the automatic regulation of 
temperature. Two types have been used, 
the pressure-actuated and the thermo¬ 
static, the latter being more popular be¬ 
cause of more accurate regulation. The 
newer controls, in addition to their motor 
control function, usually incorporate a 
manual switch, a calibrated temperature 
adjustment, an overload cutout and a de¬ 
frosting switch. 

6. The early domestic evaporators were 
made of copper tubes spun around a tray 
compartment, for direct expansion or 
flooded control. The trend was later to¬ 
ward pressed steel parts, hydrogen brazed. 
This design made it quite simple to fabri¬ 
cate serpentine cups in steel, so that when 
the parts were pressed together, they 
formed passages for the refrigerant. While 
this construction permitted fabrication in 
punch presses, there was difficulty with 
rusting until porcelain coatings and stain¬ 
less steel materials were specified. 

In design, the humidities and tempera¬ 
tures necessary to handle stored foods must 
be kept in mind. Generally, the tempera¬ 
ture maintained in the evaporator is 18 F 
and in the refrigerator from 38 to 45 F, 
with relative humidity of from 70 to 80%. 
Since so much is expected of a domestic 
refrigerator, from making ice cubes and ice 
cream to preserving various foods, some 
dehydration is unavoidable. Special com¬ 
partments to maintain proper tempera¬ 
tures and humidities are used. 

All refrigerators are thermostatically 
controlled, either by having the tempera¬ 
ture bulb of the thermostat strapped to the 
evaporator or to one or the other of the 
compartments in the box. The thermostat 
is provided with means for regulation of 
box temperature above or below the nor¬ 
mal setting. Arrangements are made to de¬ 
frost the evaporator periodically by shut¬ 
ting off the compressor. Some controls 
automatically restart the unit after de¬ 
frosting for about an hour or two. 
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Many of the newer refrigerators use hot 
ll^as defrosting with timers set to operate 
every evening. Thus the boxes and coils 
are always at peak efficiencies. 

7. The newest model refrigerators have 
space where frozen foods may be stored at 
temperature around 0 F. This imposes still 
further temperature regulations upon the 
condensing unit. If a single condensing 
unit is to maintain both frozen food and 
medium temperatures, obviously addi¬ 
tional controls will have to be provided 
to regulate these diverse requirements. 
The condensing unit will have to operate 
at the lowest temperature and be fed and 
maintained at suitable medium tempera¬ 
tures for other services in order not to 
reduce humidity. 

Some dual-service refrigerators utilize a 
secondary refrigerant circuit to develop 
medium temperatures which is claimed to 
simplify the controls and give better regu¬ 
lation. Many of the new refrigerators 
have coils surrounding the inner liner so 
the usual evaporator does not appear. The 
liner type of evaporator tends to improve 
relative humidity because of less air move¬ 
ment and reduced temperature differential 
between mr and refrigerant. 

Commercial Compressor Performance 

B. The theoretical performance of a 
compressor in a condensing unit is the 
same as that of any compressor, as dis¬ 
cussed in Chaps. 2 and 23. It is possible to 
predict performance of compressors for any 
gas. Understanding of compressor perform¬ 
ance can be had by reference to the P — v 
relationship of the indicator card. The theo¬ 
retical volumetric efficiency of a compres¬ 
sor is discussed in Section 2 of Chap. 2. 

It is obvious that if n is small, volu¬ 
metric efficiency will be lower for the 
same per cent clearance volume. The value 
of the exponent n for several refrigerant 
gases is given in Table 2. It is seen that 
low-pressure refrigerants have rather low 
values of n. It can be expected that the 
volumetric efficiencies will be of a lower 
order than air or ammonia. Careful atten¬ 
tion must be given to the reduction of ex¬ 
cess cylinder clearances. 

The theoretical power required to com¬ 
press a cubic foot of gas is expressed as fol¬ 
lows: 


Table 2. Value of Specific Heat Ratio 

(C'p/Cv = 7i) fDr BoniD relrigoront gaaoB 


Air 

1.40 

AmmoniB 

1.31 

Carbon dioxide 

1.3 

Ethyl chloride 

1.19 

Freon-lZ 

1.13 

Methyl chloride 

l.ZO 

-ButaNne 

l.Il 

Propane 

1.13 

Sulfur dioxide 

l.ZO 

FreOn-ZZ 

1.20 


Theoretical adiabatic horsepower 
144 

“ 33,000 




( 1 ) 


Where, 

Pi^psin suction pressure 
Vi =cu ft of gas entering compressor sec¬ 
tion 

If the formula is based on one cubic foot, 
i;i is eliminated, and the theoretical adia¬ 
batic horsepower becomes 


thp=*Pi (hp constant). 


Values of horsepower constant are 
plotted in Fig. 6, for various compression 
and specific heat ratios. To obtain the 
adiabatic horsepower per cu ft, it is neces¬ 
sary to multiply the horsepower constant 
by the absolute suction pressure. 

9. Experience indicates that the theo¬ 
retical volumetric efficiency will give only 
a rough approximation of the true value 
because of many factors which influence it 
and which are difficult to measure or pre¬ 
dict. Further tests indicate that leakage 
plays such an important part and is so 
difficult to measure that any extensive 
practical analysis must rest on actual test. 
The effect of cylinder superheating has 
been discussed by Crampton.^ In design, 
the probable volumetric efficiency can be 
calculated. The actual volumetric efficiency 
will be as much as 15% less. On open- 
type compressors, the displacement can 
be estimated and arrangements should 
be made to adjust the overall capacity by 
increasing speed as developed by actual 
tests. (See Chap. 2 and 23.) 

A composite curve of volumetric efficien- 
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Fig. 6. Horsepower Con 
stant for Various Compres 
sion and Specific Heat Ra 
tioB 


Fig. 7. Volumetric (V.E.) 
and Compression (C.E.) 
Efficiencies of Compressors 



COMPRESSION RATIO 
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cies of all compressors would be hard to 
define, but a representative curve which 
gives very close results is shown in Fig. 7, 
for Freon-12 and methyl chloride. Values 
for sulfur dioxide would approximate the 
methyl chloride curve. An important fac¬ 
tor in testing for volumetric efficiency is 
superheating of the suction gas, which wull 
be considered in more detail later. 

The power required to drive the com¬ 
pressor is found by the following: 


blip = 


thpXdXci 

ejXej 


(3) 


Where 

blip = brake horsepower 

thp = theoretical adiabatic horsepower per cu 
ft 

rf = displacement of compressor, cfm 


force at the crankpin is not always equal 
to the normal force at the piston. 


(P,-POAs 

24di/d2 


(4) 


or 


Where 


24 rj/r, 


(5) 


Ti = starting torque, lb ft 
P 2 = discharge pressure, psia 
Pi = suction pressure, psia 
A = area of cylinder, sq in. (Use only one 
area for a two- or four-cylinder com¬ 
pressor.) 

s=stroke of compressor, in. 
di = diameter of compressor pulley, in. 
^2 = diair'etrr of motor pulley, in. 
r 2 = motor rpm 
Ty = compressor rpm 


Cl = volumetric efficiency, 
62 = compression efficiency, 
6 :, = mechanical efliciency, 


percent 

100 

percent 

100 ~ 

percent 


This formula shows that the direct-con¬ 
nected compressor will need more motor 
torque to start it than a belted arrange¬ 
ment. The starting torque available in 
a motor is obtained as fellows: 


5,250 hp B 
rpm 100 


(6) 


Representative values of compression 
efficiency are shown in Fig. 7, for rreon -12 
and methyl chloride. Mechanical efficiency 
should not be constant, but should depend 
upon the actual loading of the compressor 
at the conditions. It would be preferable 
to find the friction horsepower first, or 
estimate it. If the compressor were de¬ 
signed for a 5-hp maximum load, the fric¬ 
tion horsepower could be expected to be 
about 0.40, based on a peak load mechan¬ 
ical efficiency of 92%. If the compressor 
were only loaded to 3 hp, at the same 
speed, the friction horsepower should be 
0.40 and the mechanical efficiency would 
be only 88 %. The friction horsepow^er 
will vary almost directly with rpm. 

Since practically all condensing units 
must start against pressure, it is desirable 
to estimate the starting torque required in 
lb ft. Since the following equation is for 
estimating purposes, it neglects the friction 
of the compressor, the additional torque 
required to force discharge gas out of the 
cylinder, and the fact that the tangential 


Where 

T,= starting tonjiic, lb ft 
hp = horsepower rating of motor 
rpm = full load speed of motor 

R=percentage starting torque =400 
to 600% for single-phase motor, 
or 225 to 325% for polyphase. 

Actually, the starting torque is too all- 
inclusive a term and should be properly 
broken down into its two major factors, 
breakaway torque, or the torque to start 
the compressor from a dead stop, which is 
more nearly that given by the formula, and 
a pull-in torque which is the final torque of 
the motor on its starting windings just 
prior to its transfer to full load running 
conditions. The pull-in torque of the motor 
must always be sufficient to accelerate the 
compressor from rest, overcoming both 
inertia and gas forces to bring itself to 
synchronous speed. It is probable that the 
pull-in torque of a loaded compressor may 
require double that at break away. In 
medium size compressors, because of 
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heavy current draw, the practice of un¬ 
loading at start by holding open suction 
valves has become more prevalent. By un¬ 
loading only 50%, it is possible to allow 
use of normal starting torque motors. 

Because of the difficulty of obtaining in¬ 
dicator cards for small compressors, break¬ 
down efficiencies are seldom attempted. 
Actual testa are essential and the com¬ 
parisons are usually made on the basis of 
capacities in terms of Btu per hr capacity 
per watt hr of motor input. Representative 
curves of the performance of a i-hp air¬ 
cooled condensing unit are shown in Fig. B. 
Typical manufacturers’ performance speci¬ 
fications are shown in Table 3. Since, at 
low suction pressures, the compressor 
needs more displacement to load the mo¬ 
tor, it is commercial practice to split the 
operating temperature range into three 
sections, usually designated as low, me¬ 
dium or high temperature, and operate 
the compressor at three different speeds, 



Fig. 8 . AIt-CddIbiI Sulfur Dioxide i-hp Com- 
proBBor, 2-c7lindBr, 2f in. boro Xi| lo. stroko, 
510 rpm, 90 F room 


corresponding to each range. Sometimes, a 
larger compressor is necessary to satisfy 
the low-temperature ranges. This makes 
possible the most effective use of the avail¬ 
able motor power. 

The hermetic compressor, because of in¬ 
ability to adjust its speeds to such operat¬ 
ing ranges, cannot produce as much capac¬ 
ity at low temperatures as the belt-driven 
unit. This is because the hermetic unit is 
normally designed for high suction pres¬ 
sures and motors are applied for that rat¬ 
ing. This influences design in many ways, 
as explained previously; that is, when the 
capillary tube is used, balanced pressures 
at the start result in reduced starting-re¬ 
quirements. 

Table 3. Typical Specifications, 1-hp 
Air-Cooled Condensing Unit 

(2-cyl, 2^-in. bore X If-in. atroke, 1-hp motor, 2 
V-belts; Dverall dimensionB 32 X 24 X 21 in. high.) 


CondensDr 

Receiver capacity, lb, methyl 
chloride 

Receiver capacity, lb, Freon-lZ 
Liquid linB fitting 

Suction line fitting 

Oil charge, pints 

Weight, lb 

Continuous fin 

17 

25 

1 in. S.A.E. 
1 in. S.A.E. 
3| 

294 

Capacity with me 

thyl chloride, 90 F ambient 

Evap 
temp, F 

rpm 

Capacity 

Btu/hr 

~40 

640 

1,900 

-30 

640 

2,700 

-20 

640 

4,050 

-10 

640 

5,500 

0 

640 

7,390 

-10 

530 

4,650 

0 

530 

6,050 

ID 

530 

7,BOO 

20 

530 

9,750 

Capacity with Freon-12 

Evap 
temp, F 

rpm 

Capacity 

Btu/hr 

— 40 

570 

2,775 

-30 

570 

3,775 

-20 

570 

4,900 

— 10 

570 

6,350 

0 

570 

B,100 

-10 

500 

5,200 

— 

500 

6,700 

ID 

500 

B,300 

20 

500 

10,200 

30 

365 

9,225 

40 

365 

11,050 

50 

365 

13,100 
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Compressor Design 

10. Low-pressure refrigerants permit 
less restrictions regarding materials than 
ammonia. All forms of steel, brass, copper, 
zinc, aluminum and die castings can be 
used with Freon-12 or sulfur dioxide. The 
same is true of methyl chloride with the 
exception of aluminum. There is a very 
pronounced chemical reaction between 
aluminum and methyl chloride and, there¬ 
fore, these two materials should never be 
used together. Die castings in which a cer¬ 
tain percentage of aluminum is used have 
been a part of methyl chloride systems 
with apparently no ill effects. 

To design a compressor for low-pressure 
refrigerants requires a knowledge not only 
of the gas handled and its characteristics, 
but the way in which the actual system 
functions. It is not only necessary to pro¬ 
vide the proper cylinder proportions and 
valve openings, but also the proper ar¬ 
rangement for returning gas and oil to the 
cylinder, 

11. A sulfur dioxide compressor will 
have certain differences from a Frcon-12 
or methyl chloride compres-sor, while the 
differences between Freon-12 and methyl 
chloride will not be apparent. These differ¬ 
ences center about the pressures involved 
and the affinity of the gas for the oil used. 
Sulfur dioxide operates at below atmos¬ 
pheric suction pressures in most instances 
and is very critical regarding oil pumping. 
It is desirable to have some form of catch 
chamber to separate the oil slugs and re¬ 
turn them to the crankcase, before the gas 
is admitted to the cylinder. It is usually 
desirable to operate the sulfur dioxide 
compressor at a somewhat slower speed, 
in order to give added protection against 
damage to the compressor. While it is true 
that the hermetic compressor operates on 
sulfur dioxide at high speeds, this applica¬ 
tion is mostly restricted to the domestic 
unit, where small capacities can be more 
readily handled. In addition, large separat¬ 
ing chambers are provided to give the nec¬ 
essary protection. 

Freon-12 and methyl chloride compres¬ 
sors must also be provided with arrange¬ 
ments to permit all oil that returns with 
the suction gas to be drained to the crank¬ 
case. Experience indicates that the re¬ 
quirement for separator chambers on the 


suction is not so critical as with sulfur di¬ 
oxide. This is apparently due to the com¬ 
plete mixing of the oil with the gas, per¬ 
mitting a more uniform and constant re¬ 
turn at all times. 

12. The design of crEuikshaft and bear¬ 
ings follows the usual compressor practice. 
It is usual to consider 200 psi pressure 
difference as the basis for Freon-r2 and 
methyl chloride piston loads. If condens¬ 
ing units are to pass the Underwriters 
Laboratories’ tests, the crankcase.s must 
be designed for hydraulic test pressures of 
five times the refrigerant pressure at 70 F, 
and the cylinders, heads, and all high-side 
fittings at five times the setting of any pres¬ 
sure limiting device. The usual practice is 
to test both low and high sides at least to 
195 psi pressure before shipment. 

13. It is common practice in many de¬ 
signs to harden the shafts to a Scale C 
Rockwell index of about 50 to 60. The 
hardened shaft serves as a riding surface 
for the seal and provides a superior wearing 
surface for bearings, especially where 
leaded bronze bearings are used. Experi¬ 
ence indicates the inadvisability of using a 
crankshaft having any chromium content 



Fig. Bi. Air Cooled Freon-lZ, ^-hp CompreBsor, 
2-c7Under, 1-13/16 in. boieXlf in. Btroko, 525 
rpm, 90 F room 
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if a, shaft shoulder is used as a sealing 
surface. Chromium specks in the steel 
cause an imperfect surface for the seal. 
Steel of Class SAE X3140 should be 
used only where seals do not ride directly 
on the shaft. SAE XI315 steels properly 
case-hardened arc better for shaft riding 
seal designs. 

14. Diaphragm and bellows seals have 
been most popular until recent years. A 
construction w'hich eliminates the bellows 
and instead floats the seal nose in a syn¬ 
thetic rubber shaft sealing collar, while the 
nose bears against a stationary seal plate, 
has proved very satisfactory and is gaining 
wider acceptance. Seal noses have been 



SUCTION PHESSURE, LB. PER SQ. IN. ABS 

Fig. Bb. Air Cooled Methyl Chloride ^-hp Com¬ 
pressor. 2-cylinder, 1-13/16 in. boreXll in. stroke. 
545 rpm, 90 F room 

made of special bronzes and metal impreg¬ 
nated carbon. In seal designs, when the 
shaft diameter exceeds 2 in., it is advisable 
to use a multiple-spring design to maintain 
contact of seal against the shaft. This is 
especially true of the type of seal which 
comprises a separate hardened or alloy 
cast iron nose-piece, sealed to the shaft 
with a Neoprene or synthetic rubber 
gasket. This type tends to tip or cock, 
unless the nose piece is compressed evenly. 

Engineers are varied in their opinions 
regarding a one-piece crankcase and cylin¬ 


der. Properly tooled, a good shop can han¬ 
dle either effectively. There is no difficulty 
in securing alignment with the divided con¬ 
struction. The cast iron used must be 
dense and close-grained, preferably with a 
nickel content of from 1 to 2%. 

It is not advisable to provide eccentric 
drives for strokes greater than 4 in. Static 
friction of a larger diameter eccentric in¬ 
creases the starting torque requirements. 

15. Cast iron pistons are used in most 
designs since they permit extremely close 
fits and give good efficiencies. In small 
compressors, leakage may become a large 
percentage of the total gas pumped and 
close tolerances must be observed, with all 
pistons and cylinders ground and honed to 
mirror finishes. The usual piston and cyl¬ 
inder clearance is 0.0003 in. per in. of cyl¬ 
inder bore. There is no advantage in using 
rings on pistons smaller than 2-in. bore. 
The plug type, no-ring piston is common 
practice in domestic and commercial units 
of ^ hp and smaller. 

Piston rings, where used, are generally 
fitted between top of piston and wrist pin, 
according to automotive practice. Two 
compression rings and one oil ring are used, 
although in Freon-12 and methyl chloride 
units an oil ring is hardly needed, as oil 
flow through the system is encouraged. The 
trunk-type piston design admits suction 
gas through the center of the piston, and 
may have an additional compression or 
combination compression and oil wiper ring 
on the piston skirt. The trunk-type piston 
design is especially useful in high-speed 
compressors, as placing the valve in the 
piston gives greater space for compressor 
valves, permitting lower valve velocities. 
Where moderate speeds are used, suction 
and discharge valves can be located in a 
common head plate and this construction 
provides certain desirable simplifications 
in servicing. 

16. For small compressors, high volu¬ 
metric efficiencies can only be obtained by 
small re-expansion volume. Valve veloci¬ 
ties for both suction and discharge valve 
at about 3,000 fpm should not be ex¬ 
ceeded, especially for Freon-12 units. 
For estimating purposes the velocity cal¬ 
culation is 

^ 2 i5Xrpm X piston area 

12 X area of valve opening 
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CANTILEVER FLEMING 
REED VALVE 


SUCTION VALVE 

Fig. 9. R 

where S = stroke, in. 

The actual valve velocity must be based 
on the actual percentage of the stroke dur¬ 
ing which time the valve is open. Ingenious 
designs are required to get these velocities 
at minimum re-expansion volume. The 
reed valve, Fig. 9, works well on small 
units. 

In larger compressors, the ring-plate or 
disc valve gives performance and durabil¬ 
ity which cannot be obtained with the reed 
type, where the suspension between sup¬ 
ports becomes too great (Fig. 10). Swedish 
steel gives best durability and grain struc¬ 
ture for valve elements. Utilizing the usual 




BEAM FLEMING TYPE 
REED VALVE 


DISCHARGE VALVE 

led Valves 

beiifling formula, for disc and flat plates 
and lor Hat springs as beams, it is advisable 
to limit tlic allowable working stress to 
;{(),0()0 psi. A good praetiee to follow in 
all valve ucsign is to prevent the reed, 
disc, or Tilaie from imi)iiigiiig on any 
backing springs, either flat or coiled, which 
form a part of the A^alve assembly. A stop 
to prevent a curved spring from being 
minpressed flat, or a coil spring being 
cr)in[)ressed until it meets an adjacent coil, 
sbould be provided. 

Some designers provide a liquid relief 
in the discharge valve, opening when 
liquid slugs enter the cylinder. 




Fig. ID. Discharge Valve Assembly 
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COTTER 



Fig. 10a. Suction Valve Assembly 


It lias often been the practice to consider 
area through the seat all important; while 
lift area is ignored. This is a great mistake. 
It is desirable to have lift area approach 
seat area as closely as possible in order to 
obtain maximum volumetric and compres¬ 
sion efriciencies. The lift area should be at 
least 80 to 90% of the seat area. This can¬ 
not be done with a single valve in most 
cases without having a high lift which will 
cause heavy impacts and short life for 
the parts. Ily breaking the valve require¬ 
ments up into a number of small valves 
however, lift will be reduced. 

For example, for a circular disc valve: 


tscat area = 


Tri)“ 


Lift area = irDH 


and —— = TrDH Thcrefere H (lift) = — 
4 4 


If we use two valve discs of a new diameter 
d, then 


tD^ _ 2ird^ 
4 4~ 


and D=dy/2 


The new lift, A, will give a lift area 27r dh 
which will equal irDH. 

2wdh = ttDH 
2dh-=^Dn 

but 

2dh^dHy/2 

2h = llyj2 
H _ 


or by using two discs to split the valve 
area instead of one, we reduce the height 
of lift by \\/2. 

It is not generally realized that valves 
can cause considerable noise in a compres¬ 
sor over and above the normal “clicks^' 
which are expected. Sluggish restricted 
valves can cause rough running gear plus 
gas noises which are traced with difficulty. 
Just what occurs to develop this is difficult 
to state. There may be basis for a comment 
that a valve that does not close promptly 
causes severe stress reversals at dead end 
stroke which rattles the shafts and rods. 

Higher and higher speeds necessitate 
lighter valves to reduce inertia effects, all 
of which encourages the trend to smaller 
valve elements. The use of a number of 
small valves for high speed thus results 
in better opportunities to obtain large lift 
and seat areas and lower inertia losses. 
The valve design alone is the factor which 
pcrformancewise makes possible equiva¬ 
lent and sometimes better efficiencies than 
those of the slow speed machine. It is 
certainly true that neither volumetric nor 
compression efficiencies can be predicted 
for a compressor on the basis of the 
percent clearance or the compression ratios 
without analysis of the type of valve, the 
gas velocities through both seat and lift 
and those surplus expenditures of work 
needed to compress gas through the re¬ 
quired pressure ranges. 

17. Streamlining passages or ports, or 
placing fins on the heads of the cylinders, 
seems to make negligible changes in effi¬ 
ciencies in sizes below 1 hp; in fact, the ef¬ 
fects are only slightly evident in units as 
large as 50 hp. Even water-jacketed heads 
are being discarded. Gas passages through 
the heads should have about the same or 
lower velocities as those through the com¬ 
pressor valves. In some instances, assump¬ 
tions have been made that discharge valve 
and port velocities can be higher than 
those of the suction valve, because the dis¬ 
charge period is shorter than that of the 
suction period. When consideration is 
given to greater friction because of the 
higher pressure, it is desirable to maintain 
discharge velocities as low as those of the 
suction. 

Compressors larger than 2 hp require 
ample gas space above the discharge 
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valves, to iron out violent pulsations. Un¬ 
less this is done, valves suffer reverse 
flexes, causing early failure, and compres¬ 
sor efficiencies will be affected. In shell 
condensers, pulsations are absorbed within 
the large volume, but with evaporative 
condensers and long discharge lines, an ex¬ 
ternal expansion chamber must be located 
at the compressor outlet. An oil separator 
often serves this purpose. 

It has in general been a recommendation 
that gas pulsations and noise can be ironed 
out by providing low velocity in the dis¬ 
charge line from a compressor. This often 
tends to increase the size of line but results 
are not entirely satisfactory. 

A newer theory, giving excellent results, 
has been to greatly increase the discharge 
line velocity to considerably higher values 
but still not sufficiently to materially 
affect performance. In combination with a 
discharge muffler, a smaller discharge line 
can make a great reduction in overall 
compressor gas noises. 

18. Main bearings can be of any well- 
known material, such as cast iron, leaded 
bronze or steel shell Babbitt. The favored 
bearing is leaded bronze, as it is non-scor¬ 
ing. Bearing clearances vary between 1 and 
2 thousandths per inch of shaft diameter 
depending on loading. Needle, roller, or 
ball bearings have been used very suc¬ 
cessfully in main bearings. Needle bearings 
are often selected for wrist pin bearings. 
Such types, however, are somewhat noisy, 
and because of the usual requirement for 
quietness, have not been widely applied to 
condensing units in sizes below 15 hp. 

19. Connecting rods are of the conven¬ 
tional type and have been specified either 
as forged or cast iron construction. The 
cast iron should have certain malleable 
qualities with sufficient ductility to absorb 
shock. Eccentric straps, where used, are 
generally cast completely of a bearing 
bronze, making it unnecessary to add bush¬ 
ings at the bearings. Wrist pins are hard¬ 
ened and ground, usually of a case- 
hardened material, such as SAE XI315 
and then hardened to a Rockwell Scale 
C—50-60. 

Recent research and experience indicate 
that to secure least wear between rubbing 
or sliding surfaces, there should be a Rock¬ 
well hardness difference between the two 


parts of at least 50 points. 

20. Lubrication of small compressors up 
to about 25 hp is handled very satisfactor¬ 
ily by splash lubrication, although some 
manufacturers use force feed even in very 
small sizes. There is no indication that any 
reduction in oil pumping or friction horse¬ 
power occurs where force feed is used. If 
speeds are increased beyond 800 to 900 
rpm, force feed is desirable because it elim¬ 
inates violent splashing. Oil pumps must 
be carefully fitted, in order not to lose 
prime if gas enters the pump. Gear pumps 
are favored. In sm,i.ll sizes up to 10 gpm 
they can be conn erf ed to the end of the 
shaft, as ample lift is developed by a good 
gear pump to pick up the suction be¬ 
tween the base of the crankcase and the 
center line of the shaft. A strainer should 
be inserted in the suction line to keep out 
foreign substances from the pump and 
bearings. 

In designing a cylinder, some provision 
must be made to return oil from the suc¬ 
tion port to the crankcase. As there is 
always leakage of gas upward from the 
crankcase to the port, the velocity must 
be low in order that oil may drop against 
the upward gas flow. At least 5% of the 
total piston displacement is leakage. This 
must escape through the return oil opening 
at a velocity not to exceed 200 fpm. A 
separating chamber can be built into the 
cylinder to help separate oil from the gas, 
before it enters the suction port. 

In many designs, a check valve is in¬ 
serted at the bottom of the oil return port 
to prevent a surge of crankcase oil entering 
the suction. A bypass must be provided in 
this check valve, which is always open, to 
permit the check valve to open wide after 
the oil surge has passed. Otherwise, the 
check valve would close tightly. When a 
separating chamber is used, the oil surge is 
trapped before it can enter the suction 
port, and a check valve is thus not essential. 

21. Regulation of compressor capacity 
can be accomplished in three ways: 

1. By throttling suction 

2. By bypassing cylinders 

a. Using an external solenoid bypass 
valve 

b. By holding open the suction valves 

3. By variable speed motors. 



530 


PART V. DOMESTIC AND COMMERCIAL SYSTEMS 


Fig. 11. Cylinder 
Cutout Control Pip¬ 
ing 


CHEOH 

VALVE 



Throttling the suction is inadvisable, 
because pulling down the suction pressure 
causes crankcase oil to froth and be 
pumped from the compressor. If violent 
enough, it can break valves or bend con¬ 
necting rods. In addition, operation at re¬ 
duced suction pressure is uneconomical in 
power consumption. Tberefore, the first 
method is seldom used, l)ut in combination 
with the second gives a rather close regula¬ 
tion, reducing the hii/ard of throttling. 

The solenoid is often connected as shown 
in Fig. 11. Care must be exercised to mix 


the hot bypass with cool return gas, else 
excessive cylinder temperatures will be 
built up ill the inoperative cylinder. This 
method is used to give 50% capacity re¬ 
duction. The check valve should have a 
discharge area equal to that of the com¬ 
pressor discharge valve. It is a good plan 
to use the same type of valve in the check 
as that in the compressor, it being less 
noisy than a swing check. 

Power requirements at 50% capacity 
will run from 65 to 90% of the full load 
requirements, depending on the free pas¬ 
sage provided through the by¬ 



pass. Method 2b eliminates the 
11 ceil for external bypass piping 
anil a check valve, as shown in 
Fig. IZ. There are other com¬ 
plexities, however. A conven¬ 
tionally designed suction valve 
must be provideil to perniit 
attachment of unloading fin¬ 
gers. These fingers are actuated 
by a plunger, and the pressure 
to this plunger is controlled by 
a three-way solenoid valve, 
actuated by a temperature or 
pressure switch. The cylinder 
operates cooler than with 
method 2a and can be applied 
on a four-cylinder compressor 
to 75% unloading wdth only 
one cylinder operating. There 


must be at least one cylinder 


Fig. 12. Use of Solenoid VsItb without Bypass Firing 
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in operation all the time, in order to pro¬ 
vide condenser pressure to actuate the un- 
loadcr plungers. One danger is that the 
unloader fingers snap down on the suction 
valve and add stresses to an already over¬ 
worked part. The force of the blow has 
also to be absorbed by whatever backing 
retainer holds the suction valve in position. 
Power requirements will be about the same 
as those for method 2a. 

The variable speed motor is the most 
efficient means of varying capacity. Usu¬ 
ally a two-speed motor, giving 50% 
capacity reduction, is sufficient for most 
applications. Power requirements for 50% 
capacity will be from 55 to 60% of the full 
load. 

In all these unloading methods, to insure 
an adequate return of oil to the compres¬ 
sor at all times there must be no traps in the 
evaporator or the suction line. Gas veloci¬ 
ties in the suction line at reduced capacity 
must be above 1,000 fpm. 

Commercial Motors 

22. The majority of single-phase mo¬ 
tors used on condensing units are of the 
repulsion-induction type. This motor has 
low current inrush per horsepower and ex¬ 
tremely high starting torque. These fao- 
tors favor this design althuugli there lias 
been a trend in some instances toward the 
capacitor-start induction-iun motor. In¬ 
conclusive service records show that ca]):ic- 
itor motors have lower maintenance cost. 
As for efficiencies, equal performance cjin 
be exiiected. A capacitor motor larger than 
1 hp draws an extremely heavy starting 
current, which may affect contact points 
of pressure and temperature controls (see 
Chap. 20). 

Polyphase motors are of the doul)le 
squirrel-cage type, having high starting 
torque, with low starting current in-rush. 
Two-speed motors arc usually of the lain- 
stant torque, single-wirnling or consequent 
pole type, 1,800 to 900 rpm or 1,200 to 
600 rpm. Dc motors should be comiiound 
wound. If specified with inter-poles, better 
commutation is assured. 

23. Controls. Single-phase motors, up to 
and including 1 hp, arc usually furnished 
with built-in overload elements. In larger 
sizes, or on polyphase motors, across-the- 
line starters are provided with overload 


and under-voltage protection, by the use 
of thermal elements. Built-in over-load 
protection is of the automatic reset type, 
but starters have to be reset by hand. 

It is not desirable to furnish automatic 
resets in a starter without some form of 
temperature device buried in the windings 
of the motor, bei'ause the overload ele¬ 
ments might reset while the motor is still 
at a dangerous temperature. It is possible, 
however, to get motors in very large sizes 
with built-in thermal elements controlling 
external starters, thereby obtaining the 
desirable features of automatic reset. 

The usual ])rai‘tif‘n in refrigeration is to 
provide overload elements which will trip 
after a period of two hours, at 140% of the 
full load current of the motor, wiieii the 
motor ami starter is of 5 hp and behnv, 
and opcr.itiig in an ambient temperature 
of 40 C (104 F). For motors larger than 
5 hp, overloads are selected at 125%. 

Automatic operation is usually accom¬ 
plished by bellows or diaphra,gm-type 
switches. Water-cooled condensing units 
are supplied with a dual control, one part 
of wiiich, the high pr(‘s.sure cutout, will 
stop the motor if the condenser pressure 
becomes excessive. This may occur if there 
is any lack or stoppage of water. The sec¬ 
ond part of the control, low-pressure or 
temperature cutout, starts or stops the 
motor, depending on the eondition at the 
evaporator. 

The air-cooled condensing unit under 3 
hp is seldom furnished with a high-pressure 
cutout because air is ahvays present to 
prevent excessive bead pressures. The 
overload protection provided in the motor 
is a sufficient safety limiting device; be¬ 
cause of fouling of tlie condenser, there will 
be excessive current drawm from the line, 
eventually stopping the motor. With this 
design, a straight pressure or temperature 
control regulates the motor operation. 

In room temperatures below 20 F, it 
may be necessary to restrict air flow to the 
condenser. This should only be done if a 
dual control is specified, in order to protect 
against too high head pressure. If the head 
pressure is too low, insiiflicient pressure 
difference is developed to force liquid 
through the expansion valve, unless the 
orifice is made excessively large. With low 
room temperatures a pressure control can- 
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Table 4. CompreBBor Ventilation 
Requirements 



Natural 

Forced 


circulation, 

circulation, 

Com- 

cu ft room volume 

cfm freah air 

proBBOr 

needed 

entering room 

bp 





Air- 

Water- 

Air- 

Water- 



cooled 

cooled 

cooled 

cooled 

i 

200 


100 


i 

400 

190 

145 

130 


600 

260 

220 

175 

i 

BOO 

360 

330 

275 

1 

1,000 

475 

440 

300 

Ih 

1,500 

665 

660 

425 

2 

2,000 

850 

880 

550 

3 

3,000 

1,100 

1,320 

7B0 

5 


1,300 


1,100 

n 


1,450 


1,400 

ID 


1,600 


1,700 

15 


1,850 


2,250 

20 


2,000 


2,750 

25 


2,150 


3,150 

30 


2,250 


3,500 

40 


2,500 


4,250 

50 


2,750 


5,000 


not operate, since the suction pressure is 
below that corresponding to room tempera¬ 
ture. In such instances, it is desirable to 


use a temperature control to maintain 
evaporator temperatures. 

Air-cooled units must be furnished with 
sufficient ventilation to maintain their 
efficiencies. Table 4 indicates the minimum 
size of room in which air or water-cooled 
condensing units should be installed. When 
smaller rooms are used, some form of 
forced ventilation should be provided. 

24. Tests indicate that dry gas is needed 
at the compressor suction to obtain best 
efficiencies. (Refer to Chap. 18, for further 
data on dehydration.) This is true of 
all gases with low heat of vaporization, 
as particles of liquid on striking the cylin¬ 
der are flashed into gas, restricting the en¬ 
trance of further gas. Fig. 13 shows that 
at least 30 to 35 deg of superheat are 
needed to assure all liquid entrainment be¬ 
ing eliminated. By using a heat exchanger, 
it is possible to obtain the total tempera¬ 
ture at the compressor in the neighborhood 
of 65 F. 

Heat Exchangers 

25. The surface area required in a heat 
exchanger for a refrigerating system can 
be estimated by the following formula: 


(7’i-T.)25 



Fig. 13. Variable Superheat at ConBUnt Preseure 

(Refrigerant—Freon; suction pressure 31 psig; diecharge preseure 
140 peig; baromstw 29 in nt BO F) 
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Where 


EVAPORATOR TEMPERATURE, F 


Q — capacity of the condensing unit 
X0.30, Btu per hr 

Ti = temperature of liquid entering the 
exchanger, F 

T, »temperature of suction gas entering 
the exchanger, F 

Care is to be exercised that the velocity 
of gas through the exchanger is not less 
than 1,200 fpm. No low points or traps 
are desirable, as oil may collect and 
suddenly surge into the compressor. In 
systems of i and ^ hp, soldering the suction 
and liquid lines together for some length 
makes an effective exchanger." 

Automatic Oil Separators 

26. The purpose of an oil separator is to 
prevent oil from entering the evaporator. 
Oil separators are not generally used on 
small units as the compressor is designed 
to pump small percentages of oil with the 
refrigerant. The effects in the evaporator 
are shown in Tables 5 and 6. When the 
velocity of gases passing through a coil is 
more than 1,200 fpm, oil will usually return 
to the compressor crankcase and not 
greatly affect the capacity. 

In flooded evaporators of large internal 
volume, velocity is far below this require¬ 
ment. Oil is not returned to the compres- 

Table 5. Capacity as Affected by Oil 


Percentage of oil 
in Freon-lZ by 
weight 


Percentage reduction 
of capacity in 
evaporator due to 
oil mixture 



Fig. 14. Effect of Oil Circulation on 
Compressor Efficiency 


sor, but loads up the evaporator. In such 
applications, it is essential that an auto¬ 
matic oil separator be used. 

When oil accumulates in a refrigeration 
system, the lower the refrigerant tempera¬ 
ture, the greater effect it has on the 
evaporative capacity. This is shown in 
Table 6 by the rise in refrigerant tempera¬ 
ture over that of pure rreon-12 refrigerant. 
Oil circulation in the compressor proper, 
due to better sealing of the suetion and 
discharge valves, pistons and other moving 
parts, reduces kw input and increases the 
volumetric efficiency as indicated by re¬ 
ferring to Fig. 14." 


0 

i 

It 

2 \ 

3 


Table 6. Increase in Boiling Point Due to 
Oil in Freon-lZ, deg F 


Bolling point 


Part of oil in circulation by 
weight, % 


5 

6 

4 

4i 

Freon-lZ, F 

10 

20 

30 

40 

50 

7 

B 

0 

1.50 

3.50 

5.50 

B.O 

11.50 

9 

7 

5 

1.36 

3.3 

5.3 

7.B 

11.2 

ID 

B 

10 

15 

1.2 

1.05 

3.12 

3.0 

5.15 

5.0 

7.6 

7.36 

10.B7 
10.53 

15 

20 

13 

IBi 

20 

.9 

2.8 

4.7 

7.15 

10.25 

30 

32i 

25 

.75 

Z.6 

4.65 

6.9 

9.9 

40 

48 

30 

.6 

2.46 

4.5 

6.7 

9.6 

50 

63 

40 

.3 

2.12 

4.15 

6.25 

9.0 
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Condensers 

27. Air-cooled condensers are generally 
made of copper tube and copper fins, cop¬ 
per tube and steel fins, or steel tube and 
steel fins. Steel fins and tubes are recom¬ 
mended because the price is less than that 
of copper, and the likelihood of electrolysis 
is eliminated. 

Fins are usually made of .006 to .015 in. 
steel or copper, sufficiently kinked for 
strength and generally set five to seven per 
inch, depending on the spacing of the tube 
and fin thickness. 

The fins are forced on the tubes and 
properly bonded by dipping in a bath of 
lead or tin, to make a direct bond to the 
tube. The outside surface is either tinned 
or painted with some pigment paint, suita¬ 
ble for temperatures up to 250 F. Painting 
does not affect heat transfer. 

Table 7 shows the Btu heat removal re¬ 
quired per ton of refrigeration, when rated 
in accordance with the ASRE method us¬ 
ing 65 deg suction vapor temperature. 

The practice as to adequate condenser 
surface, when the primary and secondary 
surface is considered, is to use 150 sq ft of 
total surface per ton of refrigeration with 
the average air velocity of 500 fpm. This 
applies to full-length condensers, cover¬ 
ing the whole condensing unit assem¬ 
bly. When a condenser is placed directly 
over the fan, proportionately less surface 
and higher air velocities are required, from 
800 to 1,000 fpm. Higher air velocity 
increases the noise factor. The edge of the 
fan should be placed | to 1} in. away from 
the condenser. The choice of fan is a prob¬ 
lem of experimentation. 


Condensers, when applied to low-pres¬ 
sure refrigerants, are used from — 40 F to 
-1-50 F. Manufacturers have adopted and 
catalogued commercial condensing units as 
low-temperature applications, ranging 
from — 40 F to 0 F; medium-temperature, 
— 10 F to 25 F; and high-temperature, 
30 F to 50 F. 

2B. Water-cooled condensers are gen¬ 
erally classified into three types as follows: 

a. Shell-and-tube type is similar to the 
familiar ammonia construction, with tubes 
rolled into tube sheets. Steel shells and 
tube sheets with copper tubes, usually 
finned, are common. For marine use, shells 
are copper with cupronickel tubes and tube 
sheets. The gases to be condensed are on 
the outside of the tube. The water travels 
in a multipass flow inside of the tubes. 
Heads can be removed to clean tubes when 
necessary; f-in. OD copper tubes with 
.042-in. wall, finned, make a compact tube 
design. 

b. The second type, the double-pipe, 
usually made of copper, is a tube within a 
tube, using the counterflow principle. The 
refrigerant passes from the head of the 
compressor between the outer and inner 
tubes, while water passes from the bottom 
up, within the inner tube. Tube sizes may 
be Hn. OD, .n42-in. wall outside, and 
^-in. OD, .035-in. wall inside; or 1-in. 
OD, .05-in. wall outside, and |-in. OD, 
.042-in. wall inside. 

c. The third type, known as the shell- 
and-coil type, uses an outer shell and a 
water tube bundle usually finned, placed 
inside with inlet and outlet water nipple 
projections. This type of condenser is built 
with a primary surface of copper tubing, 


Table 7. Heat Removed from Freon-lZ by Condenser, Btu Per Ton of Refrigeration 

(G5 F miction vapor entering compresaor) 


Condensing temp, F 


90 

100 

110 

120 

Condensing pressure, 

psig 

99.6 

116.9 

136.0 

157.1 

Suction 

Suction 





temp, F 

pressure, psig 





0 

9.17 

16,320 

16,930 

17,600 

18,360 

10 

14.15 

15,620 

16,220 

16,850 

17,550 

20 

21.05 

14,950 

15,550 

16,100 

16,750 

30 

28.46 

14,350 

14,900 

15,400 

16,000 

40 

36.98 

13,830 

14,320 

14,750 

15,250 

50 

46.69 

13,400 

13,800 

14,150 

14,600 
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Fig. 15. Water-Corlpdl Freon-lZ, ^-hp Compressor; 2- 
cylinder, 1-13/16 in. boreXl^ in* stroke, 5B0 rpm 


and has a serondary siirfacK made 
of fins, usually spaced from four to 
seven fins per inch. The water tube 
bundle is made cither as a helical 
coil or a nest of straight tubes suit¬ 
ably manifolded, inserted inside the 
shell and rigidly fastened in place. 

The shell is then closed and welded. 
Common tube sizes are ^-in. OD, 
g-in. OD, or ^-in. OD copper tubes. 

This arrangement does not permit 
cleaning of tubes except by cliem- 
ical action. 

The surface area required per 
ton of refrigeration for the shell- 
and-tube type is 12 sq ft, for the 
double-pipe type 9 sq ft, and frir 
the shell-and-coil type 21 sq ft. 

These values are based on the ca¬ 
pacity of tlie cornlensing unit at 
50 F eva])f)rator temperature, or at 
the peak temperatuie for the par¬ 
ticular operating range. 

There is a tendency to maintain low 
pressures on condensing units without con¬ 
sidering the balance between cost of power 
and cost of water. Fig. 15 shows the quan¬ 
tity of water and power required for a 
J-hp Freon condensing unit. It is to be 
seen that with water at 25 ^ per 1,000 gal 
or $1.87 per 1,000 cu ft and powder at five 
cents per kilowatt, it is more economical 
to operate with head pressures from I'lO to 
150 psi. 


/i 2 =total heat in the leaving air, Btu 
per lb at a wet bulb temperature 
of Tc-15 

T^n = refrigerant condensing tempera¬ 
ture, F 

/ii=total heat in entering air, Btu per 
hr at atmospheric wet bulb tem¬ 
perature of Ta 

Ta =wet bulb temperature, atmospheric 
air, F 


Evaporative Condensers 

29. An evaporative condenser for the 
small condensing unit may comprise only 
a coil with a propeller fan. Into the fan is 
directed a stream of water and no water is 
recirculated. Larger sizes provide fans 
drawing air up through the wetted con¬ 
denser coil, while water is sprayed over the 
coil by a recirculating pump. The following 
formulas permit ready check of the evapo¬ 
rative condenser requirement for the small 
condensing units. The amount of air re¬ 
quired is 

Condensing unit capacity, Btu/hr 


Where 


The air required ranges between 250 
and 300 efrn per ton. Surface requirements 
for finned tubing can be approximated by 
the following formula: 


Condensing unit capacity, Btu/hr 


( 10 ) 


Where J5/=surface area, sq ft, including 
prime and fin surface. (The ratio of fin to 
prime must not exceed 10 to 1.) 

Surface requirements where all the sur¬ 
face is prime will be approximated as fol¬ 
lows: 


Condensing unit capacity, Btu/hr 
19{Tc-Ta-\-15) 


( 11 ) 


Where Bp*=area of prime surface, sq ft. 

The size of the casing for induced air 
flow will be approximated by the following; 
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Air required, cfm 
400 

The amount of water circulated for the 
sprays will closely approximate 3.5 X area 
of casing. The amount of make-up water 
necessary will be: 

Condensing unit capacity, Btu/hr 
300,000 

Gasoline Engine Drive 

30. Whenever electric power is unavail¬ 
able, such as on the farm, or for bus or 
truck transportation, an air-cooled gasoline 
engine is mounted on the condensing unit 
in place of the motor. The engine ratings 
should be at least 2.5 to 3.0 times the hp 
of the motor it replaces, to take care of 
overloads. 

The engine should be a constant-speed 
type, controlled by a fly-ball governor con¬ 
nected to a butterfly valve on the car¬ 
buretor. It is advisable to provide a clutch 
pulley on the engine drive, so that the 
engine can be cranked without turning the 
compressor. 

Condensing units are usually furnished 
without controls and are started by hand. 
More elaborate installations for train and 
bus air conditioning applications provide 
automatic starting and stopping. Engines 
can be started by hand and stopped with a 
reverse-acting pressure or temperature 
control, with contacts to short circuit the 
ma^eto and stop the engine. On air-cooled 
condensing units, the gasoline engine 
should be arranged so that its flywheel fan 
blows air away from the condenser, for 
otherwise hot air from the engine wdll raise 
the head pressure. Some manufacturers 


prefer to use a jack shaft at the point 
where an electric motor would ordinarily 
be mounted, and arrange the gasoline en¬ 
gine on a separate base adjacent to the 
condensing unit. 

The oil in air-cooled gasoline engines of 
small size should be changed every 50 hr. 
These engines consume lubricating oil at 
the rate of approximately 1 gal every 300 
hr. Engine speeds vary from 1,800 to 3,600 
rpm. Fuel consumption is about 1.2 lb per 
bhphr, or 1.66 pints per bhphr. 

An interesting addition to the engine- 
driven condensing unit is the propane cycle 
refrigeration unit, developed by Schlum- 
bohm.^ In this system, gas from the con¬ 
denser operates the engine. The quantity 
removed is automatically recharged into 
the system from a charging drum. 
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A n evaporator is that part of a 
mechanical refrigeration system in 
which the liquid refrigerant is evaporated, 
and the heat required for evaporation is 
absorbed from the medium to be cooled. 
The medium cooled may be a gas such as 
air, a liquid such as water, or a solid such 
as packaged food. 

Evaporator Materials and Refrigerants 

1. Evaporators are usually made of 
copper, steel, brass, iron, or aluminum, 
depending upon the use of the evaporator 
and the refrigerant employed. 

The most commonly used refrigerants in 
(iommcrcial installations are Ereon-12, 
Frcori-22, ammonia, methyl chloride, 
sulfur dioxide, and carbon dioxide. The 
Freons and sulfur dioxide can be employed 
with copper, steel, brass, iron, or alumi¬ 
num. Methyl chloride may be used with 
any of these materials with the exception 
of aluminum or aluminum-base alloys. 
Ammonia can be used with iron, steel, or 
aluminum evaporators. Most any mate¬ 
rials may be used with carbon dioxide. 

Magnesium-base allo 3 '^s should not be 
used for any of the Freons or for methyl 
chloride. Zinc and aluminum allo 3 ’'S should 
not be used with methyl chloride. Copper 
or its alloys must not be used with am¬ 
monia. 

Refrigerant Control 

2. Most small and moderate sized com¬ 
mercial installations employ automatic 
means of controlling the flow of refrigerant 
to the evaporator. The following methods 
of automatic flow control are used; 

a. Dry expansion evaporators 

1. Thermostatic expansion valve 

2. Automatic expansion valve 

3. Capillary tube 
b. Flooded evaporators 

1. Low-side float valve 
2. High-side float valve 

3. Injector nozzle 


Details regarding the above methods of 
flow control are discussed in other chap¬ 
ters. The above controls are used to keep 
the evaporator operating eflicientl}'^ vrlien 
the system is calling for cooling. In addi¬ 
tion, the folloAviiig controls are also used 
to throttle or stop the flow of refrigerant 
when the cooling ritpiireiueiits are par¬ 
tially or totally satisfied: 

a. Solenoid or magnetic stop valves 
usually in the liquid line. 

b. Back pressure, suction pressure, or 
two-temperaiure valves in the 
suction line. 

The compressor motor in the system is 
usually controlled by either a suction pres¬ 
sure cutout or l)y a thermostat located in 
or on the medium being cooled. 

The eomhination of thonnostatic ex¬ 
pansion valve ami dry expansion type 
evaporator usually is lower in cost, easier 
to con.struct to tlie required shape, less 
complicated to install, more dependable in 
returning oil to tlie compressor, ami re¬ 
quires less space than a float-controlled 
flooded-type evajiorator with its auxil¬ 
iaries. For these reasons, the thermostatic, 
expansion valve is the most commonly 
used control for commercial applicatifuis. 
In applications where the level of the 
evaporator is constantly shifting, as on 
boats, trucks, and trains, the flooded 
types will usually not give as satisfactory 
operation as the dry expansion type. The 
quantity of refrigerant required is much 
greater with the flooded type than with 
the dry expansion type. 

Better heat transfer, however, can be 
obtained with liquid flowing through the 
entire evaporator as in a flooded type. 
This means that a smaller and lighter 
evaporator may be used than with ex¬ 
pansion valve control. 

In recent years there has been an in¬ 
creased use of the capillary tube as an ex¬ 
pansion device, particularly in Bystems 
using hermetically sealed compressorB of 
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the fractional horsepower sizes. If there is 
no other flow restriction in the system ex¬ 
cept the compressor valves, the pressures 
in the system will equalize durinK shut¬ 
down and reduce the compressor starting 
load. 

Defrosting 

3. In this chapter, defrosting will be 
referred to as one of two types: 

a. Natural 

b. Artificial 

Natural defrosting is that type which 
occurs during the idle periods of the sys¬ 
tem and which requires no automatic or 
manual attention. Its use is limited to 
evaporators in spaces having temperatures 
above freezing. Artificial defrosting is the 
type where the defrosting 0[)eration is per¬ 
formed either manually or by automatic 
controls. It includes scraping off the frost 
by hand, running water over the evapora¬ 
tor, piping the hot compressor discharge 
gas through the evaporator, or the ap- 
I)lication of st)inc external heat. 

A typical hot-gas defrosting hookup is 
shown in Fig. 1. During normal operation 
the valves A, B, E, and F are closed, and 
C- and D are opened. In order to defrost 
the left evaporator, valve C is closed, and 
valves A and E are openetl. The hot com¬ 


pressed gas then leaves the compressor and 
flows through the discharge lines to this 
evaporator through the valve A. The heat 
which is absorbed melts the frost, and the 
gas is condensed. The liquid then flows 
through the evaporator, the valve E, and 
the liquid lines to the expansion valve of 
the right evaporator. When the ice has 
been completely removed from the first 
evaporator, the evaporator is returned to 
normal operation by closing valves A and 
E, and opening C. The second evaporator 
is defrosted in a similar manner. 

Types and Purposes 

4. Evaporator constructi[)n may be 
generally classified as to three types. 

a. Bare pipe or tubing is most generally 
applied where the air temp’erature to be 
maintained is below 34 F, and for liquid 
cooling where the coils are submerged. 

b. Plate-surface evaporators usually 
consist of two pieces of flat sheet metal 
soldered or welded together at the outside 
edges, with either welded internal con¬ 
struction or formed tubing inside to pro¬ 
vide refrigerant passage. Those with 
welded internal construction have the 
refrigerant in direct contact with sheet 
metal surfaces. The other type, in whicli 
the refrigerant passage is through formed 
tubing, usually has a vacuum or an eutectic 
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solution in the space between the tubes. 
The vacuum permits atmospheric pressure 
to force the outside flat sheets against the 
tubing thereby providing a better, more 
positive heat transfer bond between them. 

The direct refrigerant contact type and 
the vacuum type plates are used for shelf 
surfaces in freezer rooms and boxes and in 


Fig. 1. Typical Hot Gbb Defrosting Hookup 
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display cases in place of bare pipe, in low 
temperature (below 34 F) storage rooms, 
and in liquid chilling tanks. The type con- 
tiiining an eutectic solution is generally 
used in conjunction with a central re¬ 
frigerating plant such as for refrigerated 
trucks, where the plates in the truck are 
connected to the refrigerating system 
during the night. The eutectic solution is 
frozen in order to supplj^ sufficient hold¬ 
over refrigeration for the truck the follow^- 
ing day. 

Instead of refrigerated plates, sheet 
metal plates with refrigerant tubing 
soldered to the underside are sometimes 
used as salad or meat pans in various 
commereial cabinets and fixtures, and are 
used also in some freezer cabinets. 

Baudelot-type coolers, sometimes re¬ 
ferred to as aerators, are often used for 
milk cooling in dairies and water cooling in 
beverage plants. The evaporator for this 
unit is a vertical coil of tubing sometimes 
covered by stainless steel plates formed 
around the coil and in contact with it. In 
other designs, the plates are stamped to 
form the coil itself with the refrigerant 
flowing insiile the corrugated passages. The 
unit is usually mounted in a vertical posi¬ 
tion with the corrugations horizontal. The 
liquid to be cooled is fed by gravity from a 
distributor across the top. The liquid flows 
down over the plate surface in a thin 
sheet. No damage is done should the liquid 
freeze at times. A refrigerant injector 
nozzle is often used. One disadvantage of 
this type of cooler is that the liquid being 
cooled is at atmospheric pressure, and is 
not in a closed system. 

c. Finned-surface evaporators are gen¬ 
erally limited in use to air-cooling applica¬ 
tions where the temperature maintained 
is above 34 F, especially with respect to 
coils operating with gravity air-flow cir¬ 
culation. There are several types of forced- 
air coolers on the market using finned coils 
designed to operate in low temperature 
spaces. Most of these units have incorpo¬ 
rated in their design some method of arti¬ 
ficial defrosting. The fins are generally 
spaced 2 to 3 per in. instead of the more 
common spacing of 6 to 9 per in. used for 
above freezing temperatures. Finned coils, 
as well as bare pipe coils, are used in brine- 
spray units. 


Bare Pipe and Fiat Plate Surfaces 
for Air Cooling 

S. a. Bare pipe and flat plate evapora¬ 
tors, while giving sati.sfactory operation at 
all temperatures, arc generally limited to 
applications requiring 34 F and below. 
Bare pipe evaporators are usually con¬ 
structed of scale-free pipe on the larger 
insttUlations and copper tubing on the 
smaller jobs. AVhile bare pipe evaporators 
can be made in practically any shape or 
size, they are usually found in one of three 
common designs (see Fig. 2). Tlie most 
common type is tlie fiat evaporator whiidi 
is either hung on the walls or ceiling or 
sometimes used as a shelf. Wliero the space 
is limited, zig-zag jnpe coils aic often em¬ 
ployed. For fixtures having overhead 
evaporator bunkers, the oval [lipc coil is 
used. 



Fig. i. Bare Pipe Coll Types 


The flat plate type evaporator is often 
used in place of the wall or ceiling type pipe 
coil. For shelves where products arc stored 
or frozen, the flat plate type is superior to 
the pipe coil due to the increased surface 
of the evaporator in contact with tlie 
product to be frozen. 

A considerable thickness of frost can be 
accumulated on jiipe and plate .surface 
before the capacity is materially reduced. 
Periodic artificial defrosting, however, will 
be necessary, the frequency of defrosting 
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depending upon the moisture available 
from the product, being greatest for open, 
moist products and least for canned prod¬ 
ucts. Defrosting is accomplished either by 
hand scraping or by the application of 
heat. 

b. Heat transfer values for pipe coils 
with gravity air circulation, as recom¬ 
mended by most Imanufacturers, vary 
from 1.6 to 2.3 Btu per sq ft hr F. Table 1 
indicates pipe capacities for 1-in. pipe. 
These capacities are based on heat transfer 
values closely approximating the above 
figures. The heat transfer of gravity air 


Table 1. Pipe Coil Capacities, 
Gravity Air Circulation 
Btu per hr per lin ft of 1-in. standard or 
extra heavy pipe) 


Refrig 

temp, 

F 

Fixture temperature, F 

-20 0 20 30 40 

25 

11.1 

20 

16.2 

15 

9.3 21.0 

10 

12.7 25.B 

5 

7.5 16.3 30.4 

0 

11.0 19.9 34.9 

- 5 

14.6 23.5 

-10 

IB.4 27.5 

-15 

7.5 21,6 

-20 

11.0 24.B 

-25 

14.6 

-30 

18.3 

-35 

7.3 21.5 


circulation pipe coils improves with greater 
temperature difference, due to tlie in¬ 
creased air circulation. Where the coils 
are used for shelves in contact wdth the 
product to be cooled, heat transfer will not 
only take place by convection but also by 
conduction. This will result in a higher 
rate of heat transfer, which is generally 
considered to be 15 to 25% greater than 
that for grarvity air circulation coils. 

Most of the plate surface manufacturers 
give ratings from 2.0 to 2.5 Btu per hr sq 
ft F, considering both sides of the plate 
effective when used in "still air" at 40 F. 
These are based on frost-free plates. Values 
of 2.0 and less arc given when used in 0 F 
air, assuming some frost accumulation. 
When the plates are used as shelf surfaces 
with the product to be chilled or frozen 
resting thereon, the heat transfer rate (to 


the product) is increased 15 to 25%. 

c. Drier or superheating surface is 

recommended with all gravity air circula¬ 
tion pipe coils and plates controlled with 
thermostatic expansion valves. The drier 
surface consists of an additional length of 
pipe or plate surface. Table 2 shows the 
added lengths sometimes used. When two 
spaces are cooled with one condensing unit 
and the bare pipe evaporators are con¬ 
nected in series the drier is added to the 
end of the last coil. In this case the drier 
coil obtained in Table 2 is usually increased 


Table 2. Recommended Drier Pipe Lengths 
for Bare Pipe Coils 


Fixture 

Length of pipe coil, ft 

temper¬ 

ature, 

50 100 

150 

20D 

250 

F 

Length add 

ed for drier, ft 


— 20 

20 33 

46 

56 

64 

— 10 

IB 30 

42 

50 

57 

0 

16 27 

3B 

45 

51 

10 

14 24 

33 

40 

45 

20 

13 21 

29 

35 

39 

30 

11 IB 

24 

30 

33 

40 

9 15 

19 

24 

27 

50 

7 12 

15 

IB 

20 

60 

5 9 

11 

13 

15 

by the amount shown 

in 

Table 3, 

Seme 

manufacturers recommend that either the 
bare pipe evaporator be increased 25% to 

provide drier surface oi 

■ a 

liquid-gas heat 

exchang 

er be used. 




Table 3. Drier Pipe Coll Factors for Use with 


Evaporators in Series 


Per cent of total load 
in last evaporator 


Multiplier 



20 


2.1 



30 


1,9 



40 


1.7 



50 


1.5 



60 


1.3 



70 


1.1 



BO 


1.0 



d. The thermal bulb of the thermostatic 
expansion valve should be located on the 
condensing unit side of either the drier coil 
or the heat exchanger. With the low heat 
transfer rate obtained from gravity air 
circulation pipe coils, satisfactory opera- 
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Table 4. Maximum Load, Btu per hr in Freon-12 Evaporators for Each 
Thermostatic Expansion Valve* 


Equiva¬ 

lent 

1 ength of 
pipe or 
tube per 
valve, ft 



OD size of tube, in. 



Standard size of pipe or tube, In. 

1 


* 

J 

i 

1 

11 

1 

i 


1 

H 

li 

2 

40 

1,130 














50 

1,010 














60 

920 

1 2,400 






3,400 







70 

B50 

1 2,200 

4,300 





3,120 







BD 

795 

2,050 

4,000 





2,920 

5,100 






00 

755 

1,950 

3,800 





2,750 

4,B50 






100 

720 

1,B50 

3,550 

5,800 

8,400 



2,600 

4,650 

9,900 





110 

6B5 

1,770 

3,410 

5,550 

B,DOO 



2,500 

4,400 

9,500 





120 

655 

1,690 

3,270 

5,300 

7,700 



2,400 

4,200 

9,050 





130 

625 

1,620 

3,120 

5,100 

|7,400 



2,300 

4,050 

8,700 





140 

6o5 

1,550 

3,010 

4,900 

7,120 



2,200 

3,900 

B,4D0 





150 

5B5 

1,500 

2,900 

4,750 

6,850 

11,800 

13,100 

2,150 

3,7B0 

8,100 

14.600 

30,300 



200 

510 

1,295 

2,500 

4,100 

5,950 

10,250 

11,400 

1,850 

3,290 

7,000 

12,600 

26,3DO 

38,300 


250 

455 

1,150 

2,225 

3,650 

5,300 

9,200 

10,100 

1,650 

2,900 

6,250 

11,300 

23,500 

34,200 63,000 

300 

415 

1,050 

2,030 

3,320 

4,900 

8,350 

9,200 

1.500 

2,670 

5,700 

10,300 

21,400 

31.400 

: 57,500 

350 

3B5 

965 

1,900 

3,075 

4,500 

7,700 

8,500 

1,390 

2.4B0 

5.250 

9,500 

19,900 

29,000 

53,000 

4DO 

360 

910 

1,770 

2,B60 

4,250 

7,250 

7,950 

1,290 

2,300j 4,930 

B,900 

18,500 

27,100 

49,800 

450 

340 

850 

1,670 

2,700 

4,000 

6,850 

7,500 

1.220 

2.170 

; 4,620 

B,350 

17,500 

25,600 

47,000 

500 

320 

BID 

1,500 

2,500 

; 3,700 

6,400 

7,100 

1,150 

ZpOSol 4,400 

7,900 

16,500 

24,400 

44,500 

550 

310 

770 

1,490 

2,430 

3,550 

6,100 

6,800 

1,100 

1,970 4,175 

7,500 

15,700 

23,200 

42,500 

600 

295 

740 

1,430 

2,320 

3,400 

5,900 

6,500 

1,045 

l,90Di 4,000 

7,200 

15,100 

22,100 

40,500 

650 

2B5 

705 

1,370 

2,220 

3,300 

5,700 

6,250 

1,010 

1,B3D| 3,850 

6,9BD 

14,500 

21,300 

39,000 

700 

272 

6B0 

1,320 

2,150 

3,200 

5,450 

6,000 

970 

1 ,750 

3,700 

6,700 

14,000 

20,500 

37,500 

750 

263 

650 

1,270 

2,080 

3,100 

5,300 

5,800 

940 

1,700 

3,550 

6,550 

13,500 

19,800 

36,500 

BOO 

225 

630 

1,230 

2,015 

2,990 

5,100 

5,620 

910 

1,650 

3,460 

6,250 

13,100 

19,200 

35,200 

B50 


610 

1,200 

1,950 

2,900 

4,990 

5,450 

880 

1,600 

3,350 

6,100 

12,600 

IB,600 

34,200 

900 


596 

1,160 

1,905 

2,800 

4,850 

5,300 

850 

1,550 

3,280 

5,900 

; 12,300 

IB.lDOl 

33,200 

950 


5B0 

1,135 

1,850 

2,750 

4,725 

5,150 

830 

1,510 

3,180 

5,750 

' 12,000 

1 

17,650 

32,500 

1,000 


570 

1,120 

1,B20 

2,700 

4,600 

5,050 

BID 

1,475 

3,100 

5,600 

11,700 

17,200! 

31,350 

1,100 



1,070 

1,730 

2,550 

4,400 

4,B50 


1,400 

2,950 

5,30D 

' 11,200 

16,400' 

30,000 

1,200 



1,015 

1,650 

2,450 

4,200 

4,620! 


1,340 

2,BOO 

I 5,0751 

10,700 

15,700 

28,BOO 

1,300 



970 

1,580 

2,350 

4,030 

4,450 


1,290 

2,700 

4,900 

10,300 

15,100 

27,700 

1,400 



940 

1,525 

2,260 

3,900 

4,300 


1,240 

2,600 

4,700 

9,900 

14,600 

26,500 

1,500 



905 

1,480 

2,190 

3,750 

4,150 


1,200 

2,500 

4,550 

9,600 

14,200 

25,800 

1,600 




1,430 

2,110 

3,625 

4,000 



2,43D 

4,400 

9,250 

13,700 

25,000 

1,700 




1,3B0 

2,060 

3,525 

3.900 



2,370 

4,290 

9,000 

13,300 

24,200 

1,B00 





2,000 

3,450 

3,7B0 



2,290 

4,150l 

8,800 

12,900 

23,600 

1,900 





1,960 

3,350 

3,680 



2,23d 

4,050 

8,500 

12,600 

22,900 

2,000 





1,900 

3,260 

3,580 



Z,17D 

3,950 

8,250 

12,200 

22,300 

2,100 






3,180 

3,490 




3,B50 

BplOO 

11,900 

21,700 

2,200 






3,100 

3,400 




3,725 

7,900 

11,650 

21,200 

2,300 






3,020 

3,330 




3,65D 

7,750 

11,400 

20,BOO 

2,400 






2,960 

3,250 




3,5B0 

7,600 

11,200 

20,400 

2,500 






2,910 

3,200 





7,450 

11,000 

20,000 

2,600 












7,300 

ID,BOO 

19,700 

2,700 












7,150 

10,600 

19,300 

2.BOO 












7,050 

10,400 

19,000 

2,900 












5,900 

10,200 

IB.700 

3,000 












6,800 

10,000 

IB,300 

3,100 













9,820 

17,900 

3,200 













9,700 

17,600 

3,300 













9,550 

17,400 

3,400 













9,400 

17,200 

3,500 













9,250 

16,900 

3,600 














16,700 

3,700 














16,500 

3, BOO 














16,300 

3,900 














16,100 

4,000 














15,800 


* Reference ehould be made to Tsblee 5 and 0, and the example ehown on page 548. 

These duLu arc to be used only fur determining the number of circuits fur a tube or pipe evaporator coil. 
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Bath, Refrigerant in Tubing mine temp in tuk - f 

Fig. 3d. Heat Transfer of Bare Pipe or Coppei 
Tubing Submerged in Brine Bath, No Agitation oj 
Bath, Brine in Tubing 


tion will be ubtMiried with the thermal 
bulb on the eontleiiHirig unit .side of the 
heat exi“han^j;rr. 

Table 4 show.s the reeoiiimeiuleil length 
of pipe nr tubin;;; per feeri with various 
suetion ])iessure.s ami loa(iiiig.s. On in¬ 
stallations ictpiirinK more than one feed 
rontr[)lleii by thermostatic expansion 
valves, a therinostatie valve is usually put 
on each feeil. Two nr more lines can be 
fed with one valve, but quite often, this 
leads to refrigerant distribution problems. 

Bare Pipe and Flat Plate Surfaces 
for Liquid Cooling 

6. a. Submerged pipe coils are made 
chiefly in the flat or the oval shapes shown 
in Fig. 2, the cylindrical shape shown being 
used in small chambers. 


b. The following heat transfer values 
for a rion-agitated bath are obtainable 
when coils of tlic flat or oval sliape are 
mounted vertically in the liquid bath for an 
approximate minimum height [)f two feet. 
Mounting the coils this way ijroviiles a 
satisfactory natural circulation of thi'. bath. 
If the coils were mounted in a hoiizontal 
position, there wamld be little natural bath 
circulation and the rate of heat tiansfer 
w^ould be reduced. This factor should be 
considered on those applications where it 
applies and a safety factor used. In a non- 
agitated w’^ater bath with thermostatii; 
expansion control, the heat transfer for 
bare pipe or copper tubing is 30 Btu per 
sq ft hr r. When using this value, no drier 
surface is required. With a flooded evapo¬ 
rator and the other conditions the same as 
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Fig. 4. Coil Arrangement for Single L Bunker (left); Coil Arrange¬ 
ment for Double L Bunker (right) 


MboAT', tl](; lieiit ti ansfor rate! is 40. Figs. 3a, 
3b, 3c, anrl 3d indicatn s[)me rpconimenrlerl 
lioat transfiM’ rates for bare j)ipe or copper 
tilling in water; or brine liatlis with re¬ 
frigerant, l)rine, nr water in tlie pif)e. For 
boigth of pipe or tiiliing per refrigerant 
feed see Table 4. 


coolers have been developed and are par¬ 
tially replacing the gravity-type coils, for 
applica;>ions requiring minimum dehydra¬ 
tion and loss of col;.r, the gravity coil is 
usually recommended. For tliis reason 
gravity coils are ordinaril}^ used in whole¬ 
sale storage rooms and aging rooms. Grav- 


Table 5. Multiplier Table 


Temp Evaporator Temperature 

diff -20 -15 -10 -5 0 5 10 


10 

.69 

.77 

.86 

15 

.86 

.97 

1.08 

20 

1.00 

1.12 

1.23 

25 

1.14 

1.28 

1.42 


.96 

1.06 

1.18 

1.31 

1.20 

1.32 

1.46 

1.61 

1.37 

1.51 

1.68 

1.B7 

1.57 

1.73 

1.90 

2.10 


15 20 25 30 


1.45 

1.59 

1.74 

1.9D 

1.78 

1.95 

2.13 

2.32 

2.06 

2.27 

2.49 

2.71 

2.31 

2.55 

2.81 

3.08 


Finned Surface with Gravity 
Air Circulation 

7. a. Finned mils with gravity air cir¬ 
culation are emjdoyed in walk-in coolers, 
reach-in or grocery refrigerators, display 
cases, and counter cabinets. Although unit 


ity coils arc also used where space or elec¬ 
tric power limitations eliminate the use of 
forced air units. 

Satisfactory coil and baffle arrange¬ 
ments are shown in Figs. 4, 5, and 6. With 
the arrangements of Figs. 4 or 5, the coils 
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are one or two rows deep, that is, approx¬ 
imately 3 to 7 in. deep. Shallow coils 
spread over the ceiling are preferable for 
best air circulation over the products and 


by reducing the mean temperatures, which 
finally results in less overall coil capacity. 

The side wall coil of Fig. G delivers ap¬ 
proximately the same heat transfer as the 



m 


Fig. 6. CoUb for Side Wall Installation 

(Low uLMling Hturage rooms) 





overhead coils due to the chimney effect of 
the baffles. These coils without the baffles 
will have about 50 to 60% of the capacity 
they will have when baffles are used. 

The effect of distance from ceiling for a 
one-row coil with five fins per inch without 
baffles has been studied. With a 40 deg 
temperature difference the coil capacity in¬ 
creased 33% in moving it from 1 in. to 3 in. 
below the ceiling. It increased an addi¬ 
tional 17% when moved to 7 in. below the 


for greatest unit surface efficiency. As the 
coil depth is increased, the air temperature 
range through the coil is increased, there- 




Flg. 7. Grocery or Reech-In Refiigentori 


ceiling. 

With arrangements of Figs. 4 and 5 the 
warm air flue should be located on the door 
side of the cooler in order that the warm 
air entering the door will pass through and 
drop its excess moisture on the coil before 
flowing over the products. Otherwise this 
moisture would condense on the cold prod¬ 
ucts. 

Several coil and baffle arrangements for 
grocery or reach-in refrigerators and dis¬ 
play cases are shown in Figs. 7 and B. In 
general, the coils and baffles are supplied 
and installed by the cabinet manufactur¬ 
ers. 

In selecting finned-type evaporators the 
24-hr daily load is first determined. A con¬ 
densing unit is then selected on the basis 
that it will absorb this load in 12 to 16 hr 
of operation, in order to provide sufficient 
off periods for natural defrosting and ex¬ 
cess capacity for peak loads. An evapora¬ 
tor is chosen which has a capacity equal to 
or slightly more than the condensing unit 
capacity. An evaporator too small will re¬ 
sult in low relative humidity, product de¬ 
hydration, greater temperature differences 
between refrigerant and air, difficulty in 
maintaining desired fixture temperature, 
longer running periods, and possibly a 
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frost or ice problem. Too large an evapora¬ 
tor will reduce the operating time and the 
temperature difference, resulting in re¬ 
duced air circulation, which may cause 
dead air pockets and a slimy condition of 
the products because of too high a relative 
humidity. 

In general, satisfactory storage is ob¬ 
tained in retail store fixtures with a tem¬ 
perature difference between 15 and 25 F. 
For wholesale storage, usually for a longer 
period than retail service, the temperature 
difference can be broken down into three 
groups according to the ininirnum dehydra¬ 
tion desired: 

1. 15 to 20 F for cheese, cut meats, meat 
in quarters or halves, eggs, fresh 
fruit, fresh vegetables, poultry, and 
the like; 

2. 20 to 25 F for meats, dried fruits, and 
vegetables, iced fish and beer in wood 
kegs; 

3. Any temperature difference is satis¬ 
factory with products that cannot 
give up their moisture, such as canned 
or bottled goods and beer in steel 
kegs. 


Table 6. Return Bend Table 


Size of tubing or 
pipe, in. 

Equiv ft of tubing or 
pipe per return bend 

t 

1.Z5 


1.50 

B 

1.50 

3. 

4 

1.75 

i 

1.75 

1 

2.50 

li 

2.50 

li 

3.00 


4.00 

2 

7.00 


b. The rate of heat transfer for gravity 
air flow over direct expansion finned coils 
varies chiefly with the air velocity and air 
distribution over the coils. The velocity 
and distribution will vary considerably 
with each ^ype of fixture depending upon 
the bunker, baffle and coil arrangement. It 
will also vary with the siy.e of warm and 
cold air flues and the head of air pressure 
available for generating circulation as well 
as with the fin spacing, rows of tubes wide 
and deep, fin size and fin design of the coil. 
Hence it is difficult to offer specific heat 
transfer values that can be validly used 
in selecting the size evaporator required 
for a given load. Values can be taken 
from manufacturers’ data obtained in 
accordance with the ASRE Standard 
25-44. 

Tests of transfer from air to finned sur¬ 
face have been made by Askin. Variables 
include the ice on the surface, variation in 
suction temperature, amount of superheat 
and the like. A coil was placed in a calorim¬ 
eter with constant suction pressure main¬ 
tained by means of an automatic expan¬ 
sion valve, refrigerant vapor being super¬ 
heated a fixed amount. Fig. 9 shows the 
results, from which it was concluded that 
the greatest value is obtained in a coil that 
is as shallow as possible, with a wide fin 
pitch. In other words, it is better to use a 
2-row, J-in. pitch than to use a 4-row, J-in. 
pitch, with the same surface. Another fac¬ 
tor is length; it is more economical to 
select a length of 80 in. and a width of 18 
in. than a length of say 40 in. with a width 
of 3fi in. It must be remembered that the 
heat transfer values of Fig. 9 are applica¬ 
ble only for the fixture tested and are in¬ 
cluded here only for the purpose of show- 
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Fig. 9. PerforniKncB of Finned Coils under Net- 
ural Circulation (fins 24 in. wide X 2} in./tube 
high) 

ing the effect of tubes high and fin spacing. 

Generally speaking, the heat transfer of 
a specific type of surface will vary progres¬ 
sively from high to low in the following ap¬ 
plications: (a) overhead and side wall coils 
in walk-in coolers; (b) overhead coils in a 
reach-in refrigerator; (c) side wall coils in 
reach-in refrigerators and display cases; 
(e) center bunker coils in a reach-in refrig¬ 
erator and back bunker coils in display 
cases. 

c. Drier coils are frequently recom¬ 
mended with gravity air flow finned sur¬ 



face, the drier coil consisting of a length of 
bare tubing located above the evaporator 
in the warm air. One manufacturer recom¬ 
mends 15 to 20 ft of drier coil, with the 
thermal bulb of the expansion valve lo¬ 
cated on the drier coil midway between the 
evaporator outlet and the point where the 
suction line leaves the fixture. The drier 
coil is recommended by this manufacturer 
for the purposes of providing superheating 
surface and for assurance that outside heat 
will not be conducted back along the suc¬ 
tion line to the thermal bulb during the off 
cycle, otherwise the conducted heat would 
open the expansion valve and flood the 
evaporator. 

On installations where the suction line 
must pass through spaces in which sweat 
dripping from the suction line would be 
objectionable, a liquid-gas heat exchanger 
located inside the fixture will reduce and 
quite often eliminate this problem. The 
use of the heat exchanger will also increase 
the capacity of the condensing unit due 
to the liquid subcooling obtained. Such a 
heat exchanger should also be used if tlie 
evaporator is located much above the con¬ 
denser. 

d. On most finned surface commercial 
applications the refrigerant flow is con¬ 
trolled by thermostatic expansion valves. 

From Table 4 the maximum 
recommended lengtli of tub¬ 
ing for one refrigerant line 
can be determined in oj tler 
to operate with a reasonable 
refrigerant pressure drop 
through the coil. In the 
event that more than one 
feed is required, it is con¬ 
sidered preferable to use 
a thermostatic expansion 
valve with each feed. Two 
or more feeds can be con¬ 
trolled by one expansion 
valve, if the proi)cr refriger¬ 
ant distribution can be at¬ 
tained. There are multi-out¬ 
let expansion valves on the 
market that perform satis¬ 
factorily for use with proper¬ 
ly designed multiple-feed 
evaporators. 

With finned surface on 
any evaporator operating 





Fig. 10. Suggestions for LocstiDn of Unit 
CDolers in Wsik-in Refrigsrstors 
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with a comparatively high rate of heat 
transfer, the thermal bulb should be lo¬ 
cated on the evaporator side of liquid-gas 
heat exchangers for satisfactory opera¬ 
tion, otherwise excessive pressure cycling 
will result. 

Unit Coolers 

B. a. During the past few years, unit 
coolers have gained wide acceptance for 
use in retail cominercial refrigeration fix¬ 
tures. From the many models and sizes on 
the market, a unit cooler can be selected 
for practically any application where grav¬ 
ity air flow finned coils are applicable, such 
as walk-in coolers, reach-in refrigerators, 
display cases and beverage cooling cabi- 
n ets. 

In general, these coolers are applied to 
maintain temperatures above 34 F, in or¬ 
der to operate on a natural defrosting 
(jyclc. There are, however, models that are 
designed for low-temperature applications, 
having included in their design a method 
for artificial defrosting. Three common 
methods of artificial defrosting arc: (a) the 
use of hot discharge gas with the arrange¬ 
ment of Fig. 1; (b) city water distributed 
from a tube above the coil; and (c) electric 
strip heaters built into the unit, usually 
with adjustable panels for closing the sup¬ 
ply and return air openings during defrost- 
ing. 

From obsr 3 rvation of the frost and ice 
formation of a unit operating in a 35 F 
space, it might appear that the ice would 
stop the air flow" in a short time on a unit 
operating in a 0 F space. Actually this is 
not true, since the frost formed in a 35 F 
space is wet and sticks to the fins, while the 
frost formed in a 0 F space is snow-like in 
form, and a considerable quantity of it is 
blown off the surface. 

There are many opinions as to the cor¬ 
rect location of the unit in the cooled 
space for the most satisfactory perform¬ 
ance. For walk-in coolers the recommen¬ 
dation of one manufacturer aims to draw 
the hot, moist air entering the door up 
through the coil in order to remove the 
excess moisture from the air with the coil 
instead of having this moisture condense 
upon the cold products. In selecting the 
location of the unit, sufficient space must 
be provided between the rear of the unit 


Table 7. Recommended Maximum Temper¬ 
ature Difference and Air Velocity 
for VariouB Commodities 


Commodity 

Maximum 

temperature 

difference, 

F 

Maximum 

air 

velocity, 
ft/min 

Beef (quarters) 

12 

40 

Beer (wooden kegs) 

12 

40 

Berries 

12 

40 

Butter 

12 

40 

Cheese 

12 

below 25 

Citrous Fruits 

12 

40 

Cut Meats 

12 

below 25 

Dried 

Fruits 

16 

60 

Meats 

16 

60 

Nuts 

16 

60 

Vegetables 

16 

60 

Eggs (crated> 

12 

40 

Fish (iced) 

16 

60 

Flowers (cut) 

Fruits 

12 

below 25 

Dried 

16 

60 

Fresh 

12 

40 

Lamb (halves) 

12 

40 

Lard 

2D 

100 

Malt 

20 

100 

Maple sugar 

20 

100 

Maple syrup 

Meats 

20 

100 

Dried 

16 

60 

Hams (fresh) 

12 

40 

Loins (fresh) 

12 

40 

Sausage (bulk) 

12 

below 25 

Smoked 

16 

60 

Nuts (dried) 

16 

60 

Onions 

16 

60 

Oysters 

16 

60 

Pork (halves) 

12 

40 

Poultry (fresh) 

12 

40 

Sausages 

12 

40 

Veal (halves) 

12 

below 65 


and the wall so that the air flow will not 
be restricted (Fig. 10). 

In a specihe fixture with fixed evaporator 
and fixed air temperatures, the dehydra¬ 
tion of a moist product is considerably 
greater with a unit cooler than with grav¬ 
ity air flow finned surface, due, of course, to 
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the more rapid air circulation with the unit 
cooler. For this reason most manufacturers 
list maximum permissible temperature dif¬ 
ferences for various products in their ap¬ 
plication literature (Table 7). 

Recommended minimum design evapor¬ 
ators vary between 20 to 25 F in spaces to 
be kept at about 34 F. Lower evaporator 
temperatures generally result in an icing 
problem. 

b. The heat transfer rate of finned sur¬ 
face with forced air circulation is affected 
by so many variables that it is difficult to 
suggest any specific values that could be 
depended upon. Manufacturers' values 
based on unbiased tests made in accord¬ 
ance with the ASRE Standard 25-44 
should be acceptable. 

c. Drier coils are sometimes used to pro¬ 
vide superheating surface. They will not 
eliminate suction line sweating, since the 
gas temperature can be raised only to the 
fixture temperature and in most instances 
this temperature is lower than the dew 
point of the outside space. 

d. The refrigerant flow through the unit 
cooler is generally controlled by a thermo¬ 
static expansion valve. When liquid-gas 
heat exchangers arc used, the thermal bulb 
of the thermostatic expansion valve should 
be located on the evaporator side of the 
heat exchanger to reduce pressure cycling 
to a minimum. The heat exchanger does 
not increase the efficiency of the evapora¬ 
tor, but does increase the condensing unit 
capacity due to liquid sub-cooling. Also, 
the liquid in most cases will raise the suc¬ 
tion gas temperature leaving the fixture to 
the point where the line temperature will 
be above the dew point of the outside space 
and little or no sweating will occur. 

Most engineers recommend that the unit 
cooler fan be operated continuously in 
order to defrost more rapidly during the 
off cycle. 

Brine Spray Units 

9. Brine spray units are used for many 


applications where coil temperatures below 
freezing are required. These units use 
either bare pipe or finned type coils. They 
usually are floor mounted. A pump draws 
the brine from the drain pan and forces it 
through nozzles over the coil. These units, 
built much like evaporative condensers, 
have replaced pipe coils and bunker spray 
units in packing houses, breweries and 
other installations. When using them it 
must be remembered that sodium brines 
have relatively high freezing temperatures. 
Calcium brines have lower freezing tem¬ 
peratures but it is not desirable to use cal¬ 
cium brine units for spaces containing ex¬ 
posed food products. 

Example of Uae of Tahlea in Design 

AsauniB a. atoragB rooni with a load of 7 tons at 
—10 F ovaporator and 10 F room temperature, no 
heat exchanger being used; calculate the following 
uaing 2-in. pipe in 16-ft lengths with an overall 
heat transfer factor (17) of l.G Btu per sq ft, hr, 
deg F. 

1. Required length of pipe. The area required ia 
(7X 12,000)/(1.6X20)=2,025 sq ft. The linear 
feet per sq ft being l.til, this calls fur 4,226 ft, to 
which an allowance of 25% may be added for 
safety, making 5,280 ft. 

2. Length allowing for the return hends. This 
amount of pipe in 16-ft lengths will total to 
5,280/16 — 330 passes. For 2-in. pipe, each return 
bend by Table 6 equals 7 ft, making a total equiva¬ 
lent length of pipe of 2,310. The total equivalent 
length is now 5,280 -|- 2,310 = 7,590. 

3. Design with three expansion valves. The equiv¬ 
alent length per feed in this case will bo 7,590/3 
= 2,530 ft, the load per valve amounting to 28,000 
Btu per hr. In Table 4 it is found that the maxi¬ 
mum allowance is 19,900 ft, subject, however, to 
the multiplier of Table 5 which fur the condi¬ 
tions stated is 1.23. Thus the allowable load is 
19,900 X 1.23 = 24,500. The actual being greater, 
it appears that more than three expansion valv'es 
will be needed. 

4. Design with four expansion valves. In this case 
the equivalent length per feed is 1,897 and the 
load 21,000 Btu per hr. Table 4 shows that 22,900 
is permissible while the multiplier is still 1.23, 
making a total of 28,200, or more than the actual. 

The minimum length per feed is to be based on 
the minimum gas velocity from the valve of 400 
fpm, with the exception of f and J-in. OD, where 
it should be 200 fpm. 
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T ARGE refrigerators may be divided 
^ into eight classes: restaurant, large 
home, grocery, bottle, bakery, biological, 
frozen food and florist. 

Restaurant Refrigerators 

1. Restaurant refrigerators are built in 
15, 20, 30, 40, 60 and SO-cu ft sizes. Be¬ 
cause many of the smaller sizes are used 
behind counters the depth must be limited 
to about 28 to 30 in., depth of larger sizes 
being 33 to 34 in. The popular height is 72 
in., allowing accessibility on the top shelf 
as well as on the lower shelf. 

The interior of metal refrigerators should 
be lined with acid-resisting porcelain as it 
is easily cleaned and not affected by mois¬ 
ture or food. The exterior, where exposed 
to handling or rubbing, especially the doors 
and corners, should be made of porcelain, 
stainless steel, or other material not easily 
affected by abrasion. 

Many restaurant men prefer wood con¬ 
struction refrigerators. The interiors are 
usually sprucc-lined, sanded smooth and 
finished with clear odorless alcohol shellac, 
and the exterior is golden oak. Hardware 
should be rustproof, and of the self-closing 
type. Some restaurants require fasteners 
that can be padlocked, and most modern 
fasteners have this feature. Reach-in doors 
should be equipped with grease-proof 
gaskets and fitted to make an air-tight seal. 

In all wood refrigerators, wood slat 
shelves are used, and in metal refrigerators 
porcelain slat or wire shelves are used. 
These have an adjustable feature so that 
they can be raised or lowered, giving flexi¬ 
bility to the refrigerator. An automatic 
light that turns on when the doors are 
opened is a very convenient feature on 
modern refrigerators. 

The coiling should be designed to main¬ 
tain temperatures of 36 to 42 F and the 
circulation should be designed to prevent 
interchange of odors. A fairly high humid¬ 
ity (70 to 85%) is required for all cut and 


uncovered foods to avoid excessive dehy¬ 
dration. 

Gravity coiling is fast giving way to 
forced air coiling. Some manufacturers use 
a panel-type coil on the back wall, drawing 
warm air in at the top front and forcing it 
out at the bottom. Other manufacturers 
use a coil behind the door mullion which 
takes the warm air in at the top and forces 
it out at the bottom, and still others install 
a ceiling type unit in the renter of tho ceil¬ 
ing. This unit draws the air in at the center 
and forci;.'. it out the sides. The most satis¬ 
factory and successful unit is one that docs 
not blow directly on the products in the 
refrigerator, but gives uniform circulation 
and is not greatly affected by service. 

In view of the fact that restaurant re¬ 
frigerators usually go in a hot kitchen, 
may stand next to a hot cook stove and are 
subjected to heavy service, they should be 
designed to operate satisfactorily in an 
ambient as high as 120 F. 

Large Home Refrigerators 

2. Refrigerators for large homes are usu¬ 
ally of the restaurant type, depending upon 
the requirements. Many large homes re¬ 
quire a refrigerator larger than the do¬ 
mestic type, but having the same general 
arrangement of ice-freezing trays, frozen- 
food storage capacity, and a large high- 
temperature storage compartment. 

The best refrigeration equipment for 
some of the larger homes is the combina¬ 
tion of a restaurant-type refrigerator for 
high-temperature storage and a frozen- 
food refrigerator or chest for ice-making 
and low-temperature storage. 

Grocery Refrigerators 

3. The general construction and sizes of 
grocery refrigerators are about the same 
as those of restaurant refrigerators. They 
differ in that they are equipped with glass 
doors. Another type of grocery refrigerator 
has sliding sash on the upper front and 
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storage doors in the bottom. It is brilliantly 
lighted with fluorescent lights, and because 
of the sliding doors is frequently used in 
self-service markets. 

Products usually displayed in grocery 
refrigerators include milk, butter, cheese, 
eggs, lard, oleomargarine, yeast, soft 
drinks, etc. The milk compartment should 
be maintained below 40 F, whereas tem¬ 
peratures up to 45 F are satisfactory for 
other items. Cut items require a high 
humidity and a gentle circulation. 

Heat loads for grocery refrigerators are 
usually figured for a 90 F ambient, and the 
machine specified to operate an average of 
16 hr per day in an average ambient tem¬ 
perature of 90 F. 

Bottle Refrigerators 

4. Bottle refrigerators arc used exten¬ 
sively where beer is sold in bottles or cases. 
Grocery-type refrigerators are often used 
as bottle refrigerators. However, when this 
is done, it is necessary that the coiling and 
machine bo specified for bottle loads. The 
bottle refrigerator has these advantages 
over other types of bottle storage: (1) it 
will hold a large quantity of bottles; (2) the 
bottles are easily accessible on all shelves; 
and (3) if glass doors arc used, they make 
a good display. 

The heat load and machine specifica¬ 
tions for bottle refrigerators will depend 
upon the customer’s requirements. If only 
one load of bottles is to be cooled every 24 
hr, the machine should take care of the re¬ 
frigerator heat gain, including service, and 
at the same time cool the bottles. If the 
refrigerator is to be refilled two or three 
times a day, the machine and coils should 
be selected to fit these requirements. Since 
humidity is not a factor in bottle cooling, a 
greater temperature difference can be used 
than in restaurant refrigerators, in many 
cases making it unnecessary to redesign 
the coil for bottle cooling. Forced air coils 
are fastest and most efficient for this ap¬ 
plication due to positive, continuous cir¬ 
culation of the cooled air. 

Bakery Refrigerators 

5. It has only been in recent years that 
bakers have recognized the value of re¬ 
frigeration for retarding dough as well as 
for keeping ingredients. The bakery re¬ 


frigerator may be two or three compart¬ 
ments wide, or multiples of these. General 
construction follows closely the design and 
construction of restaurant refrigerators. 
The compartments for retarding doughs 
are equipped with slides for supporting the 
trays, the average tray being 18 X 26 in. 

Coiling in bakery refrigerators is of the 
utmost importance. Coils must be designed 
to maintain humidities approaching 100%, 
to take heat out of the dough quickly, and 
maintain an average temperature of 36 F. 
In addition, the circulation of air must not 
be directed on the dough. 

The capacity of the condensing unit re¬ 
quired to cool the bakery refrigerator will 
depend upon the room temperature, size of 
refrigerator, amount of dough to be re¬ 
tarded, and service on the refrigerator. 

Biological Refrigerators 

6, Biological refrigerators are used for 
the refrigeration and storage of biological 
supplies, serums, etc. The general size and 
construction are similar to those of res¬ 
taurant refrigerators except that instead 
of shelving drawers are used for storing the 
supplies. This helps in segregating the dif¬ 
ferent supplies and at the same time in¬ 
creases accessibility. Average temperatures 
of 35 to 36 F are required. The humidity 
should be held below 50% to prevent 
labels coming off the bottles and packages. 
A thermostatic control is desirable and the 
bottoms of the drawers should be per¬ 
forated to help maintain uniform tempera¬ 
tures. The down draft type of coil is quite 
satisfactory for this usage. 

Because the preservation of biological 
supplies is of the utmost importance and 
refrigeration must be maintained under all 
conditions of ambient temperature, the 
machine should be specified to give satis¬ 
factory refrigeration in an ambient tem¬ 
perature as high as 120 F. 

Frozen-Food Refrigerators 

7. Frozen-food refrigerators are new¬ 
comers to the commercial refrigeration 
market. They are so new, in fact, that there 
are no standard sizes. Greater care must be 
taken in the design and construction of 
these refrigerators than with higher tem¬ 
perature refrigerators. They may be wood 
exterior and interior, but it is likely they 
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will follow the trend of the higher tempera¬ 
ture refrigerators and be metal exterior and 
interior. 

The insulation should be at least 4 or 5 
in. thick, depending on the type used, and 
must be sealed vapor-tight to prevent in¬ 
filtration of moisture. The coiling may be 
built into the liner, but the popular ar¬ 
rangement is to use plate coil shelves which 
serve two purposes. 

Since cold air will spill out like water 
when the door is opened on an upright type 
refrigerator, means must be taken to pre¬ 
vent this by the use of inner doors made of 
metal, glass, plastic, fibreboard, or draw¬ 
ers. Great care must be taken that the 
refrigerator door seals tightly all around. 
It should be equipped with freeze-proof 
type gasket. The hinges and fastener must 
be heavy enough to prevent sagging, and 
the insulation of the door must be sealed 
the same as in the rest of the cabinet. 

The condensing unit should be selected 
to maintain an average temperature of 0 F 
in the refrigerated compartment with not 
more than 16 hr running time per day in a 
90 F room. If there will be a freezing load, 
it must be considered when specifying the 
condensing unit. 

Frozen-food chests. The simplest form 
of frozen-food container is a chest with lift 
lid. The construction should be similar to 
that of the upright type frozen-food re¬ 
frigerator. Inner doors are not necessary, as 
the cold air will stay in the well, a definite 
advantage which saves refrigeration and 
simplifies the design. The disadvantage is 
that food stored in the lower part is not 
easily accessible. 

Here again the coiling may be built into 
the liner or it may be made up of plate coil 
dividers. Each arrangement has its ad¬ 
vantages. Proponents of the liner-type coil¬ 
ing claim that the coiling picks up the heat 
before it can get to the stored product and 
also that it allows more flexibility of the 
interior arrangement than do stationary 
plates. On the other hand, the liner coil in¬ 
creases the temperature difference between 
the two surfaces of the insulation, resulting 
in greater heat leak. 

The condensing unit for this application 
should also be selected'io run not more 
than 16 out of 24 hr in a 90 dog room, and 
if there is a freezing load it should be con¬ 


sidered when specifying the condensing 
unit. 

Florist Refrigerators 

8 . Basically, florist refrigeration is di¬ 
vided into three classes: display; storage 
of flowers, greens, and materials ready for 
use; and storage of bulbs and plants. No 
retail florist should be without a refriger¬ 
ated, w^ell-lighted display. 

Since the flowers are sold from the display 
refrigerator, accessibility is important. The 
doors must open easily and be so arranged 
that flowers can he pul in and taken nut of 
the refrigerator quickly, and with the least 
disturbance to other stock already in it. 

Man}' florists require both display and 
storage, in which case the display refrig¬ 
erator is installed in the front part of the 
shop, and a walk-in cooler installed in the 
workshop in the rear. The storage cooler 
should be arranged with shelving and 
equipped with high humidity coils. It can 
be used for retarding bulbs, for extra stock, 
finished pieces, and miscellaneous items. 

The wholesaler of florist stock may re¬ 
quire both display and blind storage, de¬ 
pending upon his operation. For blind stor¬ 
age, walk-in coolers equipped with shelves 
and high humidity coils are recommended. 
The construction may be wood or metal. In 
the case of wood construction, care should 
be taken to prevent swelling and warpage 
due to higVi humidities inside the refriger¬ 
ator. Florist display refrigerators should 
have 3-in. insulation in the walla and three 
thicknesses of glass in the display windows. 

If gravity coils are used, they must be 
designed to maintain high humidity con¬ 
ditions. This is accomplished V:)y operating 
them at a high back pressure and conse¬ 
quently a high coil temperature. At the 
same time, they must be baffled so that 
the intensity of the circulation does not 
strike the petals. Certain flowers such as 
gardenias will not stand circulation of air 
and must be kept in an enclosed space. The 
favored method is to keep them in a small 
glass or cellophane box on the shelf inside 
the refrigerator. 

Forced air coils should preferably be of 
the panel type, and designed to maintain 
a high humidity and not blow on the flow¬ 
ers. 

Certain precautions are necessary to 
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prevent damage by the refrigeration itself 
If a pressure switch is used for control, a 
small leak or valve freeze-up could cause 
the machine to run continuously and freeze 
the stock. 

To guard against damage by freezing, 
the florist refrigerator should be equipped 
with a thermostat which automatically 
turns off the machine when the tempera¬ 
ture for which it is set is reached. Refriger¬ 
ants such as sulfur dioxide and ammonia 
are detrimental to flowers and should be 
avoided where they are likely to come in 
contact with the flowers should a leak oc¬ 
cur. 

Until recently temperatures of 45 to 50 
F were considered satisfactory for florists' 
stocks. It has been demonstrated, how¬ 
ever, that some flowers hold better at 40 to 
to 45 F and that temperatures api)roach- 
ing 32 F are desirable for retarding bulbs. 

Machines for florist refrigerators should 
be of the high back-pressure type, and 
specified to operate approximately 50% of 
the time in a 90 F room. 

Walk-in Coolers 

The refrigerated walk-in cooler origi¬ 
nated more than fifty years ago. Wood 
coolers with cork insulation are still popu¬ 
lar and are difficult to improve upon for 
all-round efficiency, although white porce¬ 
lain, aluminum, stainless steel, or Dulux 
exteriors and lighter but efficient insula¬ 
tions are now widely used. 

Most coolers are built in sections so they 
may be easily transported and installed. 
The present trend is toward metal exterior 
and interior coolers built up of standard 
small sections and finished in Dulux or 
other suitable finish. This type of construc¬ 
tion allows for efficient production, easier 
handling, easier cleaning and more flexibil¬ 
ity of sizes. 

Standard size coolers have been 4X6, 
5X6, 7X 5, SX8. 10X8, 10X10 and 10 
X 12 ft. With the new trend the depth 
dimension is limited only by the length of 
the top and floor sections, and the width 
may be any desired dimension as long as 
it is a multiple of the standard sections. 

Three inches of insulation for wood con¬ 
struction coolers and five for metal con¬ 
struction coolers have been generally ac¬ 
cepted to be the most efficient for general 


storage temperatures of 35 to 40 F, con¬ 
sidering insulating efficiency and maxi¬ 
mum storage space. The height depends 
upon the coiling and the wall thickness. 
The clear height of the cooler inside should 
be at least 6 ft so that tall men can walk 
in without stooping over. 

The hardware on the doors should be of 
heavy non-rusting metal and of the self¬ 
closing type. The fastener on the entrance 
door should be arranged so that it can be 
easily opened from the inside. Some cool¬ 
ers are equipped with a buH's-eye light with 
switch on the outside door panel control¬ 
ling the light on the inside of the coolers. 

Meat Coolers 

Q. In meat markets reach-in doors with 
glass display are popular, both for their 
display value and facility. The entrance 
door may be on the end or in the front. 

Shelving is placed behind the reach-in 
doors for the storing of lard, butter, eggs, 
and smaller pieces of meat. The walls of 
the cooler are equipped with meat rails, 
usually two per wall, for hanging halves 
and quarters, or with shelving. 

The most successful coiling provides a 
constant, gentle circulation of air that does 
not blow on the meat with intensity. At the 
same time a relatively high humidity and a 
small temperature differential between cut- 
in and cutoff of the machine should be 
maintained. The coiling should take care of 
maximum load requirements, yet it should 
not cause excessive humidity and conse¬ 
quent slime during the off cycle. Coolers 
with overhead coiling are made 8 J to 9 ft 
high and are equipped with suitable lou¬ 
vered drain pans properly insulated to pre¬ 
vent condensation. New modern coolers 
are being built with forced air circulation, 
some with ceiling type units in the center 
of the cooler ceiling, and others with a 
down draft type unit on the cooler wall. 

Vegetable Coolers 

10. Vegetable cooler design and con¬ 
struction are essentially the same as for 
meat coolers, the main difference being 
that here the shelving takes the place of 
meat rails. The floor should be metal 
covered, preferably with galvanized iron, 
to prevent slipping. Floor racks over the 
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metal floor are necessary to preA'^ent slip- 
ping. 

In. the past vegetable coolers have been 
held at higher temperatures than meat 
coolers, a satisfactory procedure for short- 
time storage. However, it has been proved 
that temperatures ranging from 34 to 40 F 
are more suitable for most vegetables, 
especially if they are to be stored for more 
than several days. 

Both gravity and forced air coiling are 
satisfactory. The coils must be selected to 
maintain a high relatwe humidity, and in 
the case of the forced air coil, the intensity 
of circulation should not be directed on the 
vegetables. If large quantities of warm veg¬ 
etables are placed in the cooler at one time 
this extra load should be considered when 
specifying the coil and machine equipment. 

Beer Coolers 

11. I 'requently walk-in coolers are used 
for cooling bottled and keg beer. Coolers of 
this type are known as blind storage cool¬ 
ers as they have no windows or small 
service doors. They may be of wood con¬ 
struction or of the new metal construction, 
both inside and out, with three inches of 
insulation and equipped with large capac¬ 
ity forced air coils for quick cooling. Since 
air velocity, direction of circulation and 
humidity are not factors, forced air coils 
blowing the circulation on the bottles or 
kegs are quite efficient. Some c.oolers in 
which a faucet and drip catcher are at¬ 
tached to the wall are also used as dis¬ 
pensers, and the beer is drawji directly 
from the kegs in the cooler. 

If keg beer is kept in the cooler, normal 
heat load requirements are satisfactory. 
However, if bottled beer is kept in the 
cooler, the additional load of the number of 
bottles stored per day must be considered. 

Restaurant Coolers 

12. Walk-in coolers arc a necessity in 
large restaurants, hotels and institutions. A 
restaurant of normal size has need for 
only one cooler for storing meats, vegeta¬ 
bles, and dairy products. Larger restau¬ 
rants, hotels, and institutions should have 
a three-compartment cooler of sufficient 
size to store meats in one compartment, 
vegetables in another, and dairy products 
in the third. The general construction is 


the same as for meat coolers but without 
display windows. 

Wood exterior and interior, porcelain ex¬ 
terior and wmod interior, and metal ex¬ 
terior and interior coolers are used, al¬ 
though many restaurant men still prefer 
the wood exterior coolers. In general, the 
construction is the same as for meat cool¬ 
ers. Since these coolers will be installed in 
or near the kitchen, which may be very 
hot and will be subjected to heavy service, 
the heat load requirements are greater than 
for other types of coolers. The machine 
and coils should be seJi'cted to maintain 
proper temperature in the cooler in am¬ 
bient temperatures as high as 120 F. 

Frozen-Food Coolers 

13. The increasing popularity of frozen 
foods has created a need for a low-teinpera- 
ture cooler suitable for storing quantities 
of frozen foods. This cooler is necessarily 
of heavier construction, at least f) in. of in¬ 
sulation being desirable. Great care must 
be taken to seal it with liydrolene, vapor- 
proof paper, or other suitable sealing mate¬ 
rial against the penetration of moisture 
vapor. The joints must be designed to 
make an air-tight fit and at the same time 
minimize conduction of heat through the 
framing. 

The entrance door must be designed so 
that it will seal perfectly without danger 
of freezing shut. To accomplish this some 
manufacturers are using an outside overlap 
door. The hinges and hardware must be 
extra heavy to carry the load of the door. 

Wood floor racks are required to allow 
circulation under the packages piled on the 
floor and at the same time prevent slipping. 

Cooling may be accomplished Avith plate 
coil stands, overhead plate banks, plates 
on the side walls, water defrost blower 
coils, or hot gas defrost blower coils. 

If blower coils of either the water defrost 
or hot gas defrost are used, they should be 
specified as not more than 10 deg tempera¬ 
ture difference to prevent excessive ac¬ 
cumulation of frost on the coils. 

If there will be a freezing load, this 
should be added to the heat load of the 
cooler when specifying the machine equip¬ 
ment. The condensing unit should be 
specified to have sufficient capacity at the 
suction pressure at which it will operate. 



554 


PART V. DOMESTIC AND COMMERCIAL SYSTEMS 


Unlefss the condensing unit has a built-in 
separator, it should be equipped with one. 

Bakery Coolers 

14. Bakers are fast learning the benefit 
of dough retarding, and are making use of 
it on a larger scale. Many of them started 
out with a small dough-retarding refriger¬ 
ator, and now require a larger bakery 
cooler, with an entrance door and ramp on 
one side for running racks and troughs into 
the cooler, and a row of reach-in doors and 
bakery slides on the other side for retarded 
dough. While the design of this cooler is 
different, the general construction is the 
same as that of the meat coolers. 

The coiling should be of a type that does 
not direct the intensity of the air on the 
surface of the dough, but will maintain 
temperatures above 32 F and below 36 F, 
will maintain the humidity above 85%, 
and will take the heat out of the dough 
quickly. 

Chill Bars 

15. Chill bars arc counter-type beverage 
dispensers used for cooling and dispensing 
bottled beer or other beverages. They 
come in various lengths, the most popular 
being 6, S, 10, and 12 ft. The average 
height is 36 to 38 in. so that they will slip 
easily under a standard bar. Unless in¬ 
stalled under a bar, they are usually 
equipped with Formica or similar acid- 
resistant and burn-proof top. The ex¬ 
terior may be Formica, metal or wood and 
the interior rust-proof metal. The back is 
equipped with sliding sash set at an angle 
to provide easy access to the interior. 

Most chill bars are of the dry refrigera¬ 
tion type in which bottled beverages are 
cooled by plate or forced air coils. Forced 
air cooling permits easier cleaning and 
provides more flexibility in the arrange¬ 
ment of the bottles. Since many states 
restrict sales of alcoholic beverages to res¬ 
taurants, a water-cooling attachment 
should be optional. 

Refrigerated Display Cases 

Refrigerated display cases are used for 
displaying meats, vegetables, delicatessen 
items, dairy products, candy, and frozen 
foods, each requiring its own special de¬ 
sign and arrangement. 


There has been a revolutionary trend in 
display case design during the past six or 
eight years. There are now available two 
distinct types of display cases—the closed 
and the open self-service type. 

Closed-Type Meat Display Cases 

16. In general, there are three types of 
closed-type refrigerated meat display 
cases; the single-duty type which has a dis¬ 
play compartment only, the double-duty 
type which has a display and a storage 
compartment, and the super-market case 
which is similar to the single-duty type 
but is deeper and provides more display. 

Display case lengths run from 4 to 18 ft 
but the standard or popular lengths are 
5, 6, 8, 10, 12, 14 and 16 ft. The standard 
height for meat cases is 50 in. and the 
standard depth 34 in., with the exception 
of super-market cases which are 36 to 42 in. 
in depth. 

The contour of the case is important. 
Consideration must be given to good vis¬ 
ibility of the product displayed, whether it 
be on the main shelf or mezzanine shelf, 
and at the same time the slope of the front 
glass must be such that undesirable reflec¬ 
tions will be at a minimum. Accessibility 
for the butcher is also important. The drain 
arrangement should be such as to facilitate 
cleaning of the case and cleaning of the 
trap. 

Among the first problems that confront 
the design engineer are the best wall thick¬ 
ness and thickness of insulation. The 
thicker the wall, the less will be the heat 
flow. However, there is a practical mini¬ 
mum, for shelf space is a vital factor. 
Thickness of insulation is also important 
for cases with gravity circulation. Sufficient 
heat must leak through the walls, when 
there is no service on the case, to cause the 
machine to cycle frequently enough to 
maintain circulation and prevent the meat 
from sliming in normal temperatures. On 
the other hand, too much leak will raise 
operation costs. Three inches has been 
found to be the most efficient thickness of 
insulation, when available shelf space, 
preservation of stock, and cost of insula¬ 
tion in heat units per dollar are all con¬ 
sidered. 

The number of panes of glass to use in 
the front of the case is also important to 
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the design engineer. The effectiveness of 
the display is reduced by the amount that 
the light is reduced in intensity or dis¬ 
torted in color in passing through the panes 
of glass. Each polished surface disperses 
4.6% of the light passing through it, so 
there is a dehnite reason for using as few 
panes of glass as economy and good refrig¬ 
eration will permit. Since glass is not a 
good insulator itself, dependence for in¬ 
sulation must be placed upon the air spaces 
between the panes. It is generall}^ accepted, 
and tests have proved, that an air space of 
^ to I in. gives maximum insulating value 
without permitting circulation between the 
glasses. As indicated by Fig. 1, a design 



employing three panes of glass allows good 
visibility and is economical. 

According to the modern trend in light¬ 
ing, display cases are supplied with 
fluorescent lights. Since fluorescent lamps 
give off much more light at a fraction of 
the wattage input taken by incandescent 
lamps, it is possible to install them inside 
the display fixture, a procedure which al¬ 
lows more efficient illumination and does 
away with undesirable reflections. Cases 
with mezzanine shelves cast a dark shadow 
on the main shelf when the top lights are 
turned on, so most manufacturers supply 
lights to be fitted underneath the mezza¬ 
nine shelf. Care should be taken that heat 
from these lamps does not interfere with 
the circulation inside the case. Both hot 
cathode (low voltage) lamps and cold 
cathode (high voltage) lamps are used. 


Glazing is an important construction de¬ 
tail, for if the front glasses become fogged, 
the display value of the fixture is nullified. 
It is difficult to seal the front glasses so 
that fog will not collect between them. 
Two methods of doing this are: (1) to seal 
the glasses tightlj’^; and (2) to leave an 
opening to the inside of the case at the 
top and bottom, to allow breathing to the 
inside of the case. Because? of its polished 
surface and freedom from imperfecl^ions, 
I-in. plate glass has been used extensively. 
However, some inanufiicturers use one slieet 
of i-in. plate glass on Ll.e outside and two 
sheets of A-in. sheet glass on the inside. 
Hard rubber sash glazed with two or three 
thicknesses of double-strength glass are 
generally used on the back of the case. 

The interior of the case should be con¬ 
structed 01 porcelain enamel on steel, stain¬ 
less steel, jr other material that can be 
washed easily and will not scratch, stain, 
or corrode. The drain trap and drain pipe 
must bt? sealed to prevent leakage of 
moisture into the insulation. 

Most double-duty display cases are 
cooled with direct-expansion type finned 
coils in the top and in storage cornpiirt- 
ment. Single-duty types use bare tube or 
plate coils underneath the trays on the 
main shelf. 

In the meat display cases employing 
gravity circulation with a top coil it is im¬ 
portant to have a drip pan underneath the 
top coil, not only to catch the defrost water 
from the coil but also to guide the circula¬ 
tion. The efficiency of the entire system 
depends greatly upon how well the drip 
pan allow^s the warm air to circulate 
through the coil. In modern cases this drip 
pan is split or louvered, to allow free pas¬ 
sage of air from the top coil. The drip pan 
must also be insulated to prevent con¬ 
densation on the under side when the doors 
are opened. Most drip pans employ an 
air space of f to i in. between two thick¬ 
nesses of metal having a moisture-resistant 
finish on the bottom surface. 

Some case manufacturers use forced air 
circulation in which finned coils are in¬ 
stalled in the bottom of the case and air is 
forced upward through the coils to the top 
of the case and then back to the fan 
through ductwork. Another method ia to 
install a blower coil at one end of the case. 
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Air is drawn in along the horizontal length 
of the case in the top compartment and 
dispersed into the bottom compartment. 
Still another method is to install a blower 
coil in the center of the case, force the 
cooled air out on the floor, and then pull it 
vertically into a flue at the top of the case. 
The main point to keep in mind is that a 
high humidity must be maintained and 
the intensity of the air cannot be directed 
on the products. 

Single installations of one condensing 
unit and one case usually give best results. 
The refrigerant is fed to the coils through a 
metering device, such as a thermostatic 
expansion valve or capillary tube similar 
to that used on domestic refrigerators. The 
control may be either of the pressure or 
temperature type. The recent development 
of a control that cuts in by coil tempera¬ 
ture and cuts out by case temperature is 
being used successfully. 

Temperatures generally accepted for 
meat display cases are 40 to 45 F on the 
mezzanine shelf, 30 to 38 F on the main 
shelf, and 34 to 30 F in the base. Frequent 
cycling with small variation in temperature 
and humidity between on-and-off cycles is 
desirable for best results. A long on-cyclc 
tends to pull the moisture out of the meat 
and a long off-cycle tends to put it back on 
the surface of the meat. The first results in 
dehydration and the second in sliming. 

The heat load on a refrigerated display 
case will vary with its construction. Those 
cases well insulated and with the sash prop¬ 
erly sealed will have less heat loss. The ac¬ 
cepted method of determining heat loads 
is to figure the actual heat leakage through 
the walls and through the glass, and add 
an allowance of from 25 to 00% to take 
care of service. Thirty-five per cent added 
for a service load is average. Another 
method to determine the heat leak is to 
place a bank of lamps inside the case in a 
controlled ambient with an integrating 
watt meter connected with the lines to the 
lamps. The amount of power required to 
maintain a definite temperature difference 
between inside and outside temperature 
will determine the heat leakage through 
the walls. 

Delicatessen Cases 

17. Delicatessen cases are distinguished 
from meat cases in that a varied type of 


product is kept in them requiring addi¬ 
tional shelf space. For this reason, delica¬ 
tessen cases are usually 54 in. high and are 
equipped with two mezzanine shelves in 
addition to the main shelf. They also have 
a storage compartment for storing meats, 
butter, milk, cheese, and bottled goods. 
Standard lengths are 6, S and 10 ft. 

General construction details are similar 
to those of meat display cases; however, 
due to the added height the contour is 
different. The front glasses are wider and 
the sliding sash on the rear are more nearly 
vertical, allowing easy access to all the 
shelves. An average temperature of 40 to 
42 F in the display compartment and a 
temperature of 38 to 40 F in the storage 
compartment is required. 

Closed-Type Dairy Cases 

18. Increased attention paid to the sale 
of dairy products has brought about a new 
design called dairy cases. The popular type 
is a self-serve upright model with large 
sliding display sash in the upper compart¬ 
ment and smaller sliding or reach-in doors 
in the storage compartment. Some manu¬ 
facturers arrange the sash to raise verti¬ 
cally through the use of counter balances. 

Dairy cases require good lighting and 
frequently an advertising sign is incor¬ 
porated into the lighting fixture. 

Temperatures of 36 to 45 F are satis¬ 
factory, depending on the product dis¬ 
played. The coiling may be gravity type or 
forced air, and the machine should be se¬ 
lected to operate 16 hr in a 90 F room with 
service on the fixture. 

One type being used in both large and 
small stores is shown in Fig. 2. This case is 
a semiportable, self-contained type, which 
can be moved from place to place in the 
store with little difficulty. 

Closed-Type Vegetable Cases 

19. Closed vegetable display cases are 
usually of the self-service type with sliding 
sash giving accessibility to the display 
compartment. They are built in 6, 8, 10, 
and 12-ft lengths. Most vegetable cases 
have storage compartments, equipped 
with solid sliding or swinging doors, under¬ 
neath the display compartment. 

One arrangement is similar to the up¬ 
right self-service dairy case with the dis¬ 
play sash vertical or almost vertical. An- 
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other popular arrangement ia a low case 
with the main vegetable display shelvea 
about 36 in. off the floor so that the cus¬ 
tomer has to reach forward only slightly 
to examine the contents of the shelf con¬ 
veniently. The sliding sash on this case are 
almost in a horizontal position. 

The construction of the vegetable case is 
similar to that of meat eases. If a porcelain 
liner is used, it should be acid-proof. Slid¬ 
ing sash may have hard rubber frames or a 
small metal binding edge around the glass, 
depending on the application. 



forced-air type designed to maintain tem¬ 
peratures of 65 to 67 F and a relative 
humidity of approximately 70%. In view 
of the higher temperatures, insulation of 
1 to 2 in. is considered satisfactory. The 
condensing units are usually the small 
hermetic type. 

Closed-Type Frozen-Food Case 

21. With the increasing popularity of 
frozen foods, display cases are a “lousi^’ 
in food stores. There are two typc.s of 
closed frozcii-fi)i‘d rlisplay cases—tlie type 



Fig. 2. Two Views of Portable Dairy Display Case 


High levels of illumination are desirable 
to the proper display of vegetables in order 
to bring out the vivid colors. For this pur¬ 
pose fluorescent lights have proved very 
satisfactory. 

The coiling may be gravity type or 
forced air. A very high relative humidity, 
and an average temperature of 38 to 45 F 
in the display compartment and 36 to 40 F 
in the storage compartment, are required. 
To accomplish this the machine is usually 
specified to operate not more than 16 hr 
per day in a 100 F ambient. 

Closed-Type Candy Case 

20. The closed-type candy case is a small 
self-contained type case 5 to 6 ft long, 30 
in. deep and 36 in. high. It is designed to 
set against the wall or out in the store. The 
refrigerated storage compartment is ac¬ 
cessible from a front reach-in door. It has 
a small, well-lighted display compartment 
for displaying candy. The coiling is usually 


which displays the frozen foods but is not 
accessible to the customer, and the self- 
serve type which provides display and at 
the same time allows the customer to help 
himself. Both types are similar in con¬ 
struction to the frozen food chest. 

Cases with an inclined display glass 
should have at least four thicknesses of 
glass to prevent fogging over. They should 
be well lighted and the coiling should be 
designed to keep the products displayed at 
the proper temperature. 

The self-serve type case may have flat or 
inclined sliding doors, friction type or on 
rollers. The doors should be designed to 
prevent freezing and sticking. Good light¬ 
ing is essential to good display and most 
manufacturers incorporate advertising and 
price display merit into the lighting fixture. 

The closed-type frozen-food case with 
inclined glass display usually has a plate 
coil shelf for displaying the merchandise, 
and the coiling for the storage compart- 
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ment as well as for the self-service case is 
similar to that of frozen-food chests. A 
temperature of 0 F is required for the safe 
storage of frozen foods. 

The condensing unit should be specified 
to operate not more than 16 hr per day in 
a 90 F room. 

Open-Type Self-Serve Display Cases 

Open-type display cases are essentially 
wells of cold air into which the products 
are placed. 

Open Vegetable Cases 

22. The open type of self-service vegeta¬ 
ble and fruit display and storage case is a 
development of the last decade. It is built 
both single-duty and double-duty in vary¬ 
ing lengths, 6 to 12 ft long, and is approx¬ 
imately 40 in. high and 36 in. deep from 
front to back. It consists of little more 
than an open-top compartment or tank 
with insulated ends anti back wall, and 
with glass front for display. Mirrors are 
placed above the back wall in a sloping 
position to multiply the display and give 
the impression of a greater mass of pro¬ 
duce. Coiling may be plates placed around 
the inside lining, including the floor, or as 
dividers. Some manufacturers use a finned 
or plate coil on the back wall in conjunc¬ 
tion with the liner coils to create a very 
slow and gentle circulation in the cabinet. 
Another arrangement is to install a fin coil 
in a vertical duct back of the mirrored 
section so that a thermal syphon system is 
created. The coils are so arranged as to 
maintain a line of refrigeration even with 
the top of the display. 

The vegetables are displayed at such a 
level as to be most convenient for inspec¬ 
tion by the customer, and at the same time 
to be seen for a long distance by any pros¬ 
pective customer. 

With this type of case it is necessary to 
maintain a very high relative humidity to 
keep the product in its original condition 
and avoid dehydration. 

Vegetables inside the refrigerated zone 
become chilled and the top, being entirely 
open to the warm air of the room, allows 
moisture in the warm air to be condensed 
on the vegetables. Contrary to most ex¬ 
pectations, there is no great exchange be¬ 
tween the warm and the cold air. 

Since there is a gradient of temperature 


between the bottom and the top of the dis¬ 
play section in the open type of case, due 
to the very little amount of circulation al¬ 
lowed, vegetables requiring lower tempera¬ 
tures should be stored in the lower part of 
the compartment, and those requiring the 
higher temperatures placed higher in the 
case. In general it can be said that the 
temperature range will vary from 35 to 
46 F. A short running time and compara¬ 
tively long off period on the operation 
cycle of the compressor are essential for 
proper refrigeration conditions. 

High 1 evels of illumination are desirable 
for the proper display f)f vegetables in or¬ 
der to bring out vivid colors. For this pur¬ 
pose fluorescent lights are popular and 
have proved very satisfactory. The same 
light for illuminating the display can be 
used to light an advertising display design. 

Open Meat Cases 

23. Most meat cases are 10 and 12 ft 
in length and are equii)ped with mirror 
top sections to enhance the display. The 
refrigeration may be accomplished with a 
coil located in a vertical duct behind an 
insulated mirror section, making a thermal 
syphon system, with i)late coils in the bot¬ 
tom and around the sides, or with a com¬ 
bination of finned and plate coils. The tem¬ 
perature gradient fri>m the bottom shelf 
to the top edge of the display glass will de¬ 
pend upon the type of coiling and the 
depth of the well. The top six inches is 
usually the buffer zone between the storage 
temperature and the room temperature 
and should be used only for short time dis- 
play. 

Since meats will be wrapped in moisture- 
proof paper a high hr^ aidity is not re¬ 
quired. Lighting shoulu be of the fluores¬ 
cent type and of high intensity. This type 
of case should not be installed where fans 
or drafts will blow over the case, forcing 
the cold air out and the warm air in. 

The condensing unit should be of suffi¬ 
cient size to maintain proper temperatures 
and at the same time cycle sufficiently to 
allow defrosting even under maximum 
conditions. 

Open Dairy Case 

24. The open-type dairy case is similar 
to the meat case. In many cases it is the 
same with special step-type shelves to al- 




Meat Case DoublB-Duty Meat Case —Single-Duty Chill Bar 

Fig. 3. Various Types of Commercial Refrigerators 


low building the display up higher. Dairy 
products such as milk and cream should be 
stored in the lower temperature region of 
the displaj’^ compartment, whereas cheese, 
butter, etc., may be stored in the higher 
temperature area. 

Later style dairy cases have two nr even 
three refrigerated shelves. 

Open Candy Cases 

Z5. Open-type self-service candy cases 
are a recent development. They are very 
similar in construction to the closed type 
with the addition of an open-type display 
above the storage compartment. Refriger¬ 
ation in the display compartment is accom¬ 
plished with plate coils on the floor and 
along the sides or with a fin coil at the 


back. Care must be taken to prevent con¬ 
densation of moistui c on the packages and 
also to protect the liottom of the packages 
from condensation or defrost water. 

Open-Type Frozen-Food Display Cases 

26. The advance made by the frozen- 
food industry during the past few years has 
made a definite demand for frozen-food 
casD.s. Freezer chests and ice-cream cabi¬ 
nets have been used for storing frozen foods, 
but they do not provide display or acces¬ 
sibility. 

The design of an open-type frozen-food 
display case is similar to that of an open- 
type meat case. Since frozen foods require 
temperatures of — 5 F to -|-5 F, the con¬ 
struction of these cabinets is necessarily 
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Fig. 4. Types of Refrigerated Cabinets 



Closed Type Candy 
Case 


much heavier. The insulation should be 
from 4 to 6 in. thick and must be sealed in 
so it is moisture tight. The exterior and 
interior lining around the top must be 
properly separated with suitable breaker 
strips to prevent heat flow. 

The coiling should be designed to main¬ 
tain proper temperatures and at the same 
time provide a buffer temperature between 
the outside air and the top of the display 
so that there will not be an excessive 
amount of condensation on the plates. 
Ice-cream freezer plate type coils, some 
equipped with eutectic hold-over solutions, 
are used. Tiiese coils may be made up of 
tubing which is soldered or mechanically 
fastened to plates, or they may be of the 
all-steel welded-plate type. Some manu¬ 
facturers use a fin coil in conjunction with 
the plate coils to cool and dehydrate the air 
before it comes in contact with the plates. 

The frozen food stored in the case should 


be stored low enough in the case to avoid 
being affected by the higher temperatures 
in the buffer area and the room tempera¬ 
ture above. Some cases are provided with 
a lid that may be closed over night aiirl 
over weekends. Several manufacturers are 
experimenting with an automatic defrost¬ 
ing arrangement that periodically de¬ 
frosts the coils. 

Since the product is already frozen when 
placed in the case it is not necessary to fig¬ 
ure a product load. Only the heat leak 
through the walls and service are con¬ 
sidered when selecting the condensing unit. 
It is most important to protect the case 
from drafts and fans. High intensity 
fluorescent lighting is used to light the dis¬ 
play brilliantly; it may also be enhanced 
through the use of a sloping mirror section 
at the back or with vividly colored litho¬ 
graphs showing pictures of the various 
frozen foods. 
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/^NCE the source of trouble in a re- 
frigeration system is located, it is 
usually an easy matter to correct it, the 
main difficulty in servicing work being the 
location of the trouble. It is important 
that a systematic method of analysis be 
followed. It would be considerably better 
for the service man to take the first half 
hour to observe the arrangement and oper¬ 
ation of the machine than to take a blind 
shot at the cause of the trouble and make 
any adjustment in the hope that it will cor¬ 
rect the trouble. Such a procedure often 
adds trouble because the adjustment was 
not necessary or proper. 

When the service man is following a 
systematic method of trouble shooting, he 
will first listen carefully to the complaint 
of the owner or operator of the equipment. 
This will give him his first clue as to the 
cause of the trouble. He should then care¬ 
fully check the complaint to see if it is 
justified. 

In some instances the cause of the 
trouble will be immediately apparent but 
in the large majority of cases some measur¬ 
ing of pressures, temperatures and running 
time will have to be made. In this latter 
case, it will be necessary to determine the 
type of machine, since the method of lo¬ 
cating the trouble will depend upon the 
type of the refrigerating machine and the 
method of control. 

Classification of Complaints 

For the purpose of this discussion, re¬ 
frigerating machines have been classified 
both by the method of refrigerant con¬ 
trol and motor control. The refrigerant 
control methods include thermostatic ex¬ 
pansion valve, automatic expansion valve, 
low-side float, high-side float and capillary 
tube. Motor controls are classified as to 
temperature and pressure. 

Owner’s or operator’s complaints may 
also be classified. These complaints are, in 
the order they are taken up; (1) Refriger¬ 


ated space too warm, (2) refrigerated space 
too cold, (3) refrigerating machine runs 
too long, (4) water bill too high, (5) elec¬ 
tric bill too high, (6) refrigerating system 
too noisy and (7) odors in refrigerated 
space. 

Before a man doCo any trouble shooting 
he should be familiar with the operation of 
the various systems under all kinds of con¬ 
ditions. The basic s^^stems of controls as 
shown in Table 1 are especially important. 
He should know how a system normally 
operates and what pressures, tempera¬ 
tures and running times to expect under 
such conditions so that he will readily 
recognize the abnormal. 

To determine the source of the trouble it 
is desirable to make observations as fol¬ 
lows: 

1. The temperature of the refrigerated 
space or of the substance cooled 

2. Temperature of the cooling unit 

3. Suction pressure 

4. Head pressure 

5. Temperature of liquid and suction 
line 

6. Sound of refrigerant control valve 

7. Running time 

8. Noise. 

Temperature of Refrigerated Space 

The temperature of the cooling unit 
cannot be determined exactly, but an ap¬ 
proximation can be secured by clamping an 
accurate thermometer to the surface. It 
will be found that the temperature of the 
surface will be about 10 deg F higher than 
the temperature of the refrigerant in the 
evaporator, as shown by the suction pres¬ 
sure when the condensing unit is running. 

The suction pressure will give an indica¬ 
tion of the temperature of the refrigerant 
in the cooling coil. If the suction pressure 
reading is made at the condensing unit and 
the suction lines are long, the pressure in 
the cooling unit will be from 1 to 5 psi 
lower than at the evaporator. 
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Table 1. Types of Refrigerant Controls 


Refrigerant 

control 

Application evapo- Condensing Features 

rator 

Capillary tube 

Domestic only Flooded Temperature No moving parts; self-com¬ 

pensating; must have exact 
refrigerant charge. 

Low-side float 

Commercial Flooded Pressure- Simplicity; good heat triins- 

Domestic temperature fer; evaporator must be kept 

Multiple systems level; requires comparatively 

large amount of space and 
refrigerant. 

High-side float 

Domestic Flooded Pressure- Wear on needle and seat is 

Commercial Dry temperature slight because liquid is 

handled most of time; must 
have exact refrigerant 

charge. 

Automatic 

expansion 

Domestic Dry Temperature Requires small space. Easily 

Commercial adjusted. Permits use of 

easily constructed cooling 
coil; must be used with 
steady loads. 

Thermostatic 

expiiiision 

1 

Domestic Flooded Pressure- Permits use of easily con- 

Commercial Dry temj)Brature stnieted cooling coil; utilizes 

Multiple systems full length of coil; requires 

com])aratively small amount 
of refrigerant. 


Nomially it will be found that in retail 
fixtures the temperature differential be¬ 
tween the refrigerant and air will be from 
17 to 27 F. For wholesale storage of eggs, 
poultry, cheese and the like, the tempera¬ 
ture differential should be for normal oper¬ 
ation 14 to 17 F; for cut meats, vegetables, 
fruits, beer in wooden kegs 18 to 22 F; for 
meats in carcasses and some fruits 21 to 
27 F; and for goods where humidity con¬ 
trol is not important, such as bottled 
beverages, food in cans and beer in steel 
kegs, 27 to 37 F. 

Head Pressure 

In normal operation it wall be found 
that the temperature of the condensing 
refrigerant will be about 30 to 35 F higher 
than the temperature of the air entering 
the condenser in an air-cooled condensing 
unit and about 20 to 25 F higher than the 
water entering a water-cooled unit when 


the units are operating. These figures are 
for suction temperatures of from 10 to 
20 F. Lower suction temperatures will re¬ 
sult in lower head pressures and tempera¬ 
tures while higher suctions will result in 
higher head pressures and temperatures. 

Fig.l shows the approximate head pres¬ 
sure of air-cooled condensing units using 
Freon-12, methyl chloride and sulfur 
dioxide. 

Liquid and Suction Line Temperatures 

The temperature of the liquid line will 
give an indication of the condition of the 
refrigerant within the liquid line. Normally 
the temperature of the liquid line is 
slightl}'^ above the temperature of the air 
or water leaving the condenser. If it is 
noted that the line is considerably warmer, 
this condition is probably due to the fact that 
the line is filled with gas rather than liquid 
due either to improper operation of the con- 
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denser or a shortage of refrigerant in the 
system. If, on the other hand, the line is 
much cooler than the leaving temperature 
of the condenser air or water, expansion of 
the refrigerant is probably taking place in 
the liquid line. This condition is 
caused by too great a pressure 
drop due to too long a line, too 
small a tube, excessive lift or a 
restriction such as a kink or par¬ 
tially closed valve. 

The suction line temperature 
is normally a trifle lower than 
the room temperature but it will 
fall somewhat as the amount of 
refrigerant circulating is in¬ 
creased. If the line is consider¬ 
ably colder than normal or is 
frosted, it is an indication that 
liquid refrigerant is entering the 
suction line. Such a condition 
could be caused by improper op¬ 
eration of the refrigerant control 
valve. 

The temperature of the com¬ 
pressor will give a good indica¬ 
tion of the operation of the sys¬ 
tem. Normally the compressor 
head is fairly hot to the touch unless it is 
water-cooled. If it is not water-cooled and if 
it is fairly cool there is a good possibility 
that for some reason or other not enough 
refrigerant is being circulated. If it is very 
hot it will be found that the head pressure 
is excessive due to poor condensation or to 
air in the system. 

The base of the compressor normally will 
be slightl}'^ above room temperature. A 
very warm compressor base may indicate a 
shortage of oil while a cool base may be 
caused by excessive oil or liquid refrigerant 
being slugged back through the suction 
line from the evaporator. 

Normally the refrigerant control valve is 
fairly quiet in operation, there being only 
a slight noise due to the refrigerant passing 
through the orifice. However, when gas is 
passing through the vah'^e instead of 
liquid a noticeable hissing noise will be 
heard. If the valve is completely quiet it is 
a good indication that no refrigerant is 
passing through. 

Automatic condensing units will run 


from 5 to 20 hr or more a day, de¬ 
pending on a number of factors such as air 
temperature, design of unit and system 
and the setting of controls. Extremely 
short cycles or very long periods of con¬ 


tinuous operation should be noted as they 
are indications of improper operation. 

Unusual noises in the ct)mpressor, motor, 
drive or refrigerant control valve should be 
noted as they serve as a good indication of 
trouble. 

Trouble Shooting Charts 

The following trouble shooting charts 
are not intended to serve as an inflexible 
guide for the service man, but they are 
designed merely to show one method of 
approach. Nothing can take the place of a 
fundamental knowledge of refrigeration 
and of the normal operation of refrigera¬ 
tion equipment in trouble shooting work. 
Yet these charts should be of considerable 
help not only to the man just starting in 
servicing but also to the more experienced 
man in pointing out how a logical method 
of approach will simplify trouble shooting. 

The first observation to be made by the 
service man'is how the condensing unit is 
operating, for example, whether it is 
operating at all, short cycling or operating 



Fig. 1. Approximate Head Pressure of Air-Cooled Con¬ 
densing Units Using Freon-lZ, Methyl Chloride and Sulfur 
Dioxide 
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continuously. The next obBervation Ib made suction and liquid line, and sound of re- 
to determine the type of system, that is, frigerant control valve, 
whether it is a high-side or low^side float It will be noted that the charts are so 
or thermostatic or automatic expansion arranged that all the troubles which apply 
valve system and whether it is pressure or to any type of system are first taken up, 
temperature controlled. then those applying only to systems with 

Once the method of operation and type of pressure controls, then ones applying to 

system are determined it is then necessary systems with thermostatic or temperature 
to make detailed observations on the con- controls, and finally those applying only to 
dition of the system. These include the particular systems. This arrangement not 

suction pressure, head pressure, tempera- only considerably reduces the size of the 

ture of the evaporator, compressor, motor, charts but also makes them easier to use. 


COMPLAINT: REFRIGERATED SPACE TOO WARM—I 
First Observation: Condensing Unit Not Operating 
Type System: Any 


Observations 

Trouble 

Remedy 

Suction pressure—above nor¬ 
mal cut-in point 

Head pressure—normal 

No current to condensing 
unit due to: 

1. Open switch 

1. Close switch 

Evaporator—high superheat 

2. Fuse blown 

2. lieplace fuse 


3. Power lines dead 

3. Have lines repaired 


4. Broken connection 

4. Repair 


Suction, temperature, or head 
pressure control 

1. Control out of adjustment 

1. Adjust 


2. Control contacts corroded 

2. Clean with sandpaper 


3. Broken mercury bulb 

3. Replace bulb or control 


4. Spring broken or worn out 

4. Replace spring or control 


—control stuck open 

5. Control out-of-level 

5. Level 


6. Leaky bellows or joints 

6. Repair or replace 


Motor overload switch open 
due to: 

1. Belt driving compressor is 

1. Loosen belt 


too tight 

2. Failure of holding mecha¬ 

2. Replace or repair 


nism or dirty contact points 
3. Low line voltage 

3. Decrease load on line or 


4. Bearings too tight or lack 

increase wire size 

4. Oil or repair 


of oil 

5. Compressor stucii 

5. Repair or replace 


Motor failure 

Repair or replace 
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Observations 

Trouble 

Remedy 

Suction pressure—above nor¬ 
mal cut-in point 

Head pressure—high 

Evaporator—high superheat 

High head pressure cut-out 
□r motor overload switch 
open due to high head pres¬ 
sures caused by: 

1. High air temperature en¬ 
tering air cooled condenser 

2. Condensing water temper¬ 
ature too high 

3. Air in system 

4. Clogged condenser 

1. Use an evaporative con¬ 
denser or cooler supply 
of air 

2. Use an evaporative con¬ 
denser 

3. Purge system 

4. Clean or replace con¬ 
denser 

Suction pressure—below nor¬ 
mal cut-in point 

Head pressure—low 
Evaporator—high superheat 

Space surrounding condens¬ 
ing unit is too cold 

Partially enclose condens¬ 
ing unit in box. Block off 
part of condenser 


Type System: Any with Pressure Control 


Suction pressure—below nor¬ 
mal cut-in point 
Head pressure—below normal 
Evaporator—high superheat 


An obstruction preventing 

refrigerant from circulating 

1. Closed liquid line service 
valve 

2. Liquid line stf)i)i)cd by 
kink 

3. Strainer or dehydrator 
plugged 

4. Liquid line solenoid valve 
failure 

5. Suction service valve 
closed 

6. Suction line stopped by 
kink in line or at flare nut 

7. Ice, wax or dirt plugging 
refrigerant metering valve 


8. Refrigerant charge lost 


1. Oi)en 

2. llGinove kink 

3. Clean 

4. Repair or replace 

5. Oj)cn 

G. Remove kink 

7. Clean valve. Install de¬ 
hydrator. Replace oil 
with oil of lower wax 
contr3nt 

8. Repair leak and recharge 


Type System: Thermostatic Expansion Valve—Pressure Controlled 


Suction pressure—below nor¬ 
mal cut-in point 

Head pressure—below normal 

Evaporator—high superheat 

1. Power element has lost its 
charge 

2. Expansion valve out of 
adjustment 

1. Rejjlncc expansion valve 

2. Adjust 

Type System: High-Side Float—Pressure Controlled 


Suction pressure—below nor¬ 
mal cut-in point 

Head pressure—below normal 
Evaporator—high superheat 

1. Float has leak in it and 
sinks in refrigerant 

1. Replace 
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COMPLAINT: REFRIGERATED SPACE TOO WARM—II 
First Observation: Condensing Unit Short Cycles 
Type System: Any 


Observations 

Trouble 

Remedy 

Suction pressure—above nor- 

If motor overload switch is 


mal cut-in point 

tripping 


Head pressure—normal 



Evaporator—high superheat 



Also: 



1. Motor hot 

1. Belt driving compressor 

1. Loosen belt 


too tight 


2. Lights dim when motor 

2. Low line voltage 

2. Decrease load on line or 

starts 


use larger wire 

3. Motor hot 

3. Motor too small 

3. Replace 

4. Motor hot 

4. Bearings lack oil 

4. Oil 

5. Motor may be hot 

5. Ground or short circuit in 

5. Repair or replace 


motor winding 


Suction pressure—above nor- 

Head pressure cut-out or mo- 


mal cut-in point 

tor overload switch opening 


Head pressure—high 

due to high head pressure 


Evaporator—high superheat 

caused by: 


1. Receiver pressure low. Mo- 

1. Partially closed discharge 

1. Open valve 

tor and compressor head 

service valve 


hot. Liquid line warmer 



than normal 



2. Motor and compressor head 

2. Air-cooled condenser 

2. 

hot. Liquid line warmer 

(a) Dirty 

(a) Clean 

than normal 

(b) Air temperature too 

(b) Install evaporative 


high 

or water-cooled con¬ 



denser 


(c) Poor air circulation 

(c) Remove obstruction 

3. Motor and compressor head 

3. Water-cooled condenser 

3. 

hot. Liquid line warmer 

(a) No water 

(a) Remove obstruction 

than normal 


in water pipe 

(a) No water discharged to 



sewers 


(b) Increase pressure or 

(b) Discharge water very 

(b) Restricted water flow 

pipe size, remove ob¬ 

warm 


struction 

(c) Discharge water very 

(c) Water temperature too 

(c) Install evaporative 

warm and quantity exces¬ 

high 

condenser 

sive 



(d) Discharge water cool 

(d) Corroded condenser 

(d) Clean or replace 

and quantity excessive 



4. Motor and compressor head 

4. Evaporative cooled con¬ 

4. 

hot. Liquid line warmer 

denser 


than normal 



(a) Hot dry air leaving 

(a) No water 

(a) Correct trouble in 

condenser 


water line or float valve 

(b) Hot dry air leaving 

(b) Spray nozzle clogged 

(b) Clean 

condenser 



(c) Hot dry air leaving 

(c) Pump not operating 

(c) Repair 

condenser 



(d) Same as (c) 

(d) Coil surface dirty 

(d) Clean 
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Observations 

Trouble 

Remedy 

(e) No air leaving con¬ 
denser 

(f) No air leaving con¬ 
denser 

(e) Air inlet or outlet ob¬ 
structed 

(f) Fan not operating 

(e) Remove obstruction 

(f) Repair 

5. Motor and compressor head 
hot. Liquid line warmer 
than normal 

5. Air in system 

5. Purge system 

6. Motor and compressor head 
hot. Liquid line warmer 
than normal and compres¬ 
sor may be jumpy and slug 
at start 

6. Too much refrigerant 

6. Release some refrigerant 

7. Receiver pressure low. Mo¬ 
tor and compressor head 
hot. Liquid line warmer 
than normal 

7. Restricted condenser tube 

7. Clean or replace 

B. Motor and compressor head 
hot. Liquid line warmer 
than normal 

8. Condenser too small 

B. Rejdace 

Suction pressure—normal 
Evaporator—normal superheat 

1. Evaporator too small 

1. Install larger evaporator 

Head pressure—low 

2. Evaporator surface dirty 

2. Clean 

Suction pressure—rises rap¬ 

Compressor is removing re¬ 

Remove obstruction to nir 

idly when compressor stops 
Evaporator—suction line 
frosted 

frigerant faster than it can 
be evaporated due to re¬ 
stricted air flow to evapora¬ 

flow. Defrost 

Head pressure—low 

tor or ice on evaporator. 



COMPLAINT: REFRIGERATED SPACE TOO WARM—III 
First Observation: Condensing Unit Short Cycles 
Type System: Any with Pressure Control 


Observations 


Suction pressure—rises rap¬ 
idly when compressor stops 
Head pressure—low 
Evaporator—high superheat 
Also; 

1. Hissing at metering valve 

2. Hissing at metering valve. 
Liquid line temperature de¬ 
creases with height above 
receiver 

3. Hissing at metering valve 
and temperature drop 
across obstruction 

4. Hissing at metering valve 
and temperature drop 
across obstruction 

5. Hissing at metering valve. 
Cold liquid line 


Trouble 


An obstruction in liquid or 
suction line is reducing flow 
of refrigerant or there is a 
refrigerant shortage 

1. Shortage of refrigerant 

2. Liquid line too small or 
too great a lift 

3. Strainer or dehydrator 
partially plugged or too 
small 

4. Liquid line partially closed 
by kink or other obstruc¬ 
tion 

5. Liquid service valve par¬ 
tially closed or too small 


Remedy 

Remove obstruction. Add 
refrigerant 


1. Add refrigerant 

2. Replace with larger line. 
Subcool liquid or install 
heat interchanger 

3. Clean strainer. Replace 
dehydrator charge. Rc- 
jilace strainer or dehy¬ 
drator 

4. Remove kink or obstruc¬ 
tion 

5. Open or replace 
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REFRIGERATED SPACE TOO WARM III (ContlnuBd) 


ObBervations 

Trouble 

Remedy 

6. Suction pressure in evapo¬ 
rator is much higher than 
at compressor 

7 Hissing at metering valve 
and temperature drop 
across solenoid valve 

6. Suction line partially 
stopped by kinks or other 
obstruction, or too small 

7. Liquid line solenoid valve 
too small 

8. Ice, wax or dirt partially 
closing metering valve 

9. Differential on control too 
small 

6. Remove obstruction. Re¬ 
place with larger line 

7. Replace 

B. Clean valve. Install de¬ 
hydrator. Replace oil 
with oil of lower wax 
content 

9. Increase differential 

Type System: Any with Temperature Control 

Suction pressure—rises rap¬ 
idly when compressor stops 
Head pressure—low or normal 
Evaporator—high superheat 

1. Differential on control too 
small 

1. Increase differential 

Type System: Thermostatic Expansion 

Suction pressure—rises rap¬ 
idly when compressor stops 

Head pressure—low or normal 

Evaporator—high superheat 

1. Test for ice—allow expan¬ 
sion valve to warm up to 
melt ice or tap lightly. Test 
for wax or dirt—flush valve 
by allowing large amount 
of liquid to flow through in 
a short time 

2. Same 

3. Try a short turn of expan¬ 
sion valve adjusting nut 
first. If this is no good, 
something else is wrong 

4. Warming feeler bulb raises 
suction pressure and de¬ 
creases superheat only 
slightly 

5. Warming power element 
with hands corrects trouble 
temporarily 

1. Ice, wax or dirt partially 
closing expansion valve 

2. Expansion valve orifice 
too small 

3. Expansion valve out of 
adjustment 

4. Expansion valve power 
element has partially lost 
charge 

5. Expansion valve in too 
cold a location and power 
element is cooler than 
feeler bulb 

1. Clean valve. Install de¬ 
hydrator. Replace oil with 
oil of lower wax content 

2. Replace with larger 
orifice 

3. Adjust 

4. Replace expansion valve 

5. Move expansion valve 
to warmer location 

Type System : High-Side Float with Pressure Control 

1. Evaporator partially 
sweated or frosted 

1. Shortage of refrigerant 

1. Add refrigerant 
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COMPLAINT: REFRIGERATED SPACE TOO WARM—IV 
First Observation: Condensing Unit Operates Continuously 
Type System: Any 


Observations 

Trouble 

Remedy 

Suction pressure—above nor¬ 
mal cut-in pressure 

Head pressure—low 

Kvaporator—high superheat 

Refrigerant is not circulating 
at proper rate due to obstruc¬ 
tion, ineflicient compressor nr 
shortage of refrigerant 


1. Compressor head and 
liquid line cooler than nor¬ 
mal 

1. Compressor belt slipping 

]. Tighten belt 

2. Hissing at refrigerant me¬ 
tering valve. Liquid line 
couler than normal 

2. Liquid line service valve 
partially closed or too 
small 

2. Opf'n or rejdiice 

3. Hissing at refrigerant me¬ 
tering valve. Tempera¬ 
ture drop across strainer 
or dehydrator 

3. Strainer or dehydrator 
partially plugged nr ton 
small 

3. Clean strainer. Install 
new dehydrator charge 
UEqdacR 

4. Hissing at refrigerant me¬ 
tering valve. Temperature 
drop across solenoid valve 

4. Liquid line solenoid valve 
too small 

4. Replace 

5. Hissing at refrigerant me¬ 
tering valve. Temperature 
drop across obstruction 

5. Liquid line partially 
closed by kink or other 
obstruction 

5. Remove obstruction 

6. Hissing at refrigerant me¬ 
tering valve and gradual 
drop in temperature of 
liquid line 

6. Liquid line too Binall or 
too great a lift 

6. Replace with larger line. 
Subcool liquid or in¬ 
stall heat interchangcr 

7. Suction pressure in evapo¬ 
rator is much higher than 
at compressor 

7. Suction line partially 
stopped by kinks or other 
obstruction, or too small 

7. Remove obstruction. 
Replace with larger line 

8. Hissing at refrigerant me¬ 
tering valve. Compressor 
head cooler than normal 

8. Shortage of refrigerant 

8. Add refrigerant 

9. Test for ice—allow valve 
to warm up to melt ice or 
tap lightly. Test for wax 
or dirt, flush valve by al¬ 
lowing a large amount of 
refrigerant to flow through 
valve in short time. Re¬ 
peat B number of times 

10. Liquid line and compres¬ 
sor head cooler than nor¬ 
mal 

9. Ice, wax or dirt partially 
closing refrigerant meter¬ 
ing valve 

10. Inefficient compressor 

(a) Leaky compressor 
valves 

(b) Leaky piston rings 

(c) Leaky gaskets be¬ 
tween cylinders 

9. Clean valve. Install de¬ 
hydrator. Replace oil 
with oil of lower wax 
content 

10. 

(a) Repair 

(b) Repair 

(c) Repair 

11. Compressor speed too low 

11. Low line voltage 

11. Decrease load on line or 
increase line size 

Suction pressure—above nor¬ 

Condensing unit capacity too 

Install larger condensing 

mal cut-in point 

Head pressure—normal 
Evaporator—high superheat 

small 

unit 
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PART V. DOMESTIC AND COMMERCIAL SYSTEMS 


REFRIGERATED SPACE TOO WARM IV (Continued) 


ObBervations 

Trouble 

Remedy 

Suction pressure—above nor- 

Condensing unit has reduced 


mal cut-in point 

capacity due to high head 


Head pressure—high 
Evaporator—high superheat 

pressure caused by: 


1. Receiver pressure low. Mo¬ 
tor and compressor head 
hot 

1. Partially closed discharge 
service valve 

1. Open valve 

2. Motor and compressor head 

2. Air-cooled condenser 

2. 

hot. Liquid line warmer 

(a) Dirty 

(a) Clean 

than normal 

(b) Air temperature too 
high 

(c) Poor air circulation 

(b) Install evaporative 
or water-cooled con¬ 
denser 

(c) Remove obstruction 

3. Motor and compressor head 
hot. Liquid line warmer 
than normal 

3. Water-cooled condenser 

3. 

(a) No water discharge to 
sewer 

(a) No water 

(a) Remove obstruction 
in water line 

(b) Discharge water very 
warm 

(b) Restricted water flow 

(b) Increase pressure or 
pipe size, remove ob¬ 
structions 

(c) Discharge water very 

(c) Water temperature too 

(c) Install evaporative 

warm and quantity exces¬ 
sive 

high 

condenser 

(d) Discharge water cool 
and quantity excessive 

(d) Corroded condenser 

(d) Clean or replace 

4. Motor and compressor head 
hot. Liquid line warmer 
than normal 

4. Evaporative cooled con¬ 
denser 

4. 

(a) Hot dry air leaving 
condenser 

(a) No water 

(a) Correct trouble in 
water line or water valve 

(b) Hot dry air leaving 
condenser 

(b) Spray nozzle clogged 

(b) Clean 

(c) Hot dry air leaving 
condenser 

(c) Pump not operating 

(c) Repair 

(d) Same as (c) 

(d) Coil surface dirty 

(d) Clean 

(e) No air leaving con¬ 
denser 

(e) Air inlet or outlet ob¬ 
structed 

(e) Remove obstruction 

(f) No air leaving con¬ 
denser 

(f) Fan not operating 

(f) Repair 

5. Motor and compressor head 
hot. Liquid line warmer 
than normal 

5. Air in system 

5. Purge system 

6. Motor and com])ressor head 
hot. Liquid line warmer 
than normal and compres¬ 
sor may be jumpy and slug 
at start 

6. Too much refrigerant 

6. Release some refrigerani 

7. Receiver pressure low. Mo¬ 
tor and compressor head 
hot 

7. Restricted condenser tube 

7. Clean or replace 

8. Motor and compressor head 
hot. Liquid line warmer 
than normal 

8. Condenser too small 

8. Replace 
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Observations 

Trouble 

Remedy 

Suction pressure—above nor- 

Condensing unit overloaded 


mal cut-in point 

due to: 


Head pressure—normal 

1. Hot foods 

1. Instruct owner in proper 
operation 

Evaporator—normal super¬ 

2. Doors left open 

2. Instruct owner in proper 

heat 


operation 


3. Loose fitting doors 

3. Replace 


4. Poor gaskets 

4. Replace 


5. Poor insulation 

5. Replace 


6. Condensing unit and coil 

6. Replace 


too small 



Type System: Any—Temperature Controlled 

Suction pressure—very low An obstruction is preventing 
and does not rise when conn- the flow of refrigerant 
pressor is stopped 
Head pressure—low 
Evaporator—high superheat 

1. Liquid line cooler than nor- 1. Liquid line service valve 1. Open 

mal closed 

2. Liquid line cooler than nor- 2. Strainer or dehydrator 2 . Clean strainer. Install 

mnl completely plugged new dehydrator charge 

3. Liquid line cooler than nor- 3. Liquid line closed by kink 3. Remove kink or obstruc- 

mal or other obstruction tion 

4. Liquid line cooler than nor- 4. Ice, wax or dirt completely 4. Clean valve. Install de¬ 
nial. Test for ice—allow closing refrigerant meter- hydrator. Replace oil 

valve to warm up to melt ing valve with oil of lower wax 

ice. Tap lightly to free ice content 

or dirt 

4. Liquid line cooler than nor- 5. Refrigerant metering valve 5. Repair or replace 
mal closed due to mechanical 

failure 

6. Suction pressure in Bvapo- 6. Suction line completely 6. Remove kink or obstruc- 

rator is much higher than stopped by kink, closed tion, open valve 

at compressor service valve or other ob¬ 

struction 

Suction pressure—high Metering valve stuck open Repair or replace 

Head pressure—normal or low and so much refrigerant en- 

Evaporator—warm ters low side that it cannot 

Suction line—sweating evaporate at a pressure low 

Hissing at metering valve enough to give a low tem¬ 

perature 


Type System: Thermostatic Expansion 

Suction pressure—above nor- Refrigerant is not circulating 
mal cut-in point at proper rate due to obstruc- 

Head pressure—low tion 

Evaporator—high superheat 
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REFRIGERATED SYSTEM TOO WARM IV (ContlnaBd) 


Observations 

Trouble 

Remedy 

1. Test for ice—allow valve to 
warm up to melt ice or tap 
lightly. Test for wax or 
dirt—flush valve by allow¬ 
ing large amount of liquid 
to flow through valve in 
short time. Repeat a num¬ 
ber of times 

1. Ice, dirt or wax partially 
closing expansion valve 

1. Clean valve. Install de¬ 
hydrator. Replace oil 
with oil of lower wax 
content 

2. Try turning expansion 
valve adjusting nut slightly. 
If this does no good some¬ 
thing else is wrong 

2. Expansion valve out of 
adjustment 

2. Adjust 

3. Warming feeler bulb raises 
suction pressure and de¬ 
creases superheat only 
slightly 

3. Expansion valve power 
element has partially lost 
charge 

3. Replace expansion valve 

4. Warming power clement 
with hands corrects trouble 
temporarily 

4. Expansion valve in too 
cold a location. Power ele¬ 
ment is colder than feeler 
bulb 

4. Move expansion valve to 
warmer location 

Suction pressure—above nor¬ 
mal cut-in point jiressure 

Head pressure—low 
Evaporator—sweating or 
frosting suction line 

Crankcase—sweating 

Expansion valve stuck open 

Repair or replace 


Type System: High-Side Float—^Temperature Control 


Suction pressure—very low 
and rises slightly when com¬ 
pressor is shut down 

Head pressure—low 
Evaporator—high superheat 

Shortage of refrigerant 

Add refrigerant 

Suction pressure—very low 
and does not rise when com¬ 
pressor is shut down 

Head pressure—very high 
Evaporatf)r—high superheat 

High head pressure has 
caused float to collapse and 
sink, closing refrigerant valve 

Determine cause of high 
head pressure and replace 
float 


COMPLAINT: REFRIGERATED SPACE TOO COLD 
First Observation: Condensing Unit Operating Too Long 
Type System: Any 


Observations 

Trouble 

Remedy 

Suction pressure—below nor- 

1. Pressure or temperature 

1. Adjust 

mal cut-in point 

control set too low 


Head pressure—normal 

2. Pressure or temperature 

2. Repair or adjust 

Evaporator—too cold—nor¬ 

Control defective—will not 


mal superheat 

cut out 
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Type System: Any—^Pressure Controlled 


ObservationB 

Trouble 

Remedy 

Suction pressure—above nor¬ 
mal cut-in point 

Head pressure—normal 
Evaporator—no superheat; 
frosted or sweating suction 
line 

1. Dirt, wax or ice on valve 
seat 

1. Clean. Use oil of lower 
wax content. Install de¬ 
hydrator 

Type System: Thermostatic Expansion—Pressure Controlled 

Suction pressure—above nor¬ 
mal cut-in point 

Head pressure—normal 
l^]vaporator—no superheat; 
frosted or sweating suction 
line 

1. Expansion valve out of 
adjustment 

2. Expansion valve feeler 
bulb loosely clamped to 
suction line 

1. Adjust 

2. Fasten securely 


COMPLAINT: CONDENSING UNIT OPERATES TOO LONG 
First Observation: Refrigerated Space Cold Enough 
Type System: Any 


Observations 

Trouble 

Remedy 

Suction pressure—above nor¬ 
mal cut-in point 

Head pressure—low 

Evaporator—superheat slightly 
higher than normal 

Also: 

Refrigerant is not circulated 
at proper rate due to an ob¬ 
struction, inefficient com¬ 
pressor or shortage of refrig¬ 
erant 


1. CuinpresBor head and 
liquid line cooler than nor¬ 
mal. Lights dim when mo'- 
tor starts 

1. Low line voltage 

i. Decrease load on line or 
install larger line 

2. Compressor head and 
liquid line cooler than nor¬ 
mal 

2. Compressor belt slipping 

2. Tighten belt 

3. Hissing at refrigerant me¬ 
tering valve. Liquid line 
cooler than normal 

3. Liquid line service valve 
partially closed or too 
small 

3. Open or replace 

4. Hissing at metering valve. 
Temperature drop across 
strainer or dehydrator 

4. Strainer or dehydrator 
partially plugged or too 
small 

4. Clean strainer. Install 
new dehydrator charge. 
Replace 

5. Hissing at metering valve 
Temperature drop across 
solenoid valve 

5. Liquid line solenoid valve 
too small 

5. Replace 

6. Hissing at metering valve. 
Temperature drop across 
obstruction 

6. Liquid line partially 
closed by kink or other 
obstruction 

6. Remove obstruction 

7. Hissing at metering valve 
and gradual drop in tem¬ 
perature of liquid line 

7. Liquid line too small or 
too great a lift 

7. Replace with larger line. 
Subcool liquid or install 
heat interchanger 

8. Suction pressure in evapo¬ 
rator is much higher than 
at compressor 

8. Suction line partially 
stopped by kinks or other 
obstruction or too small 

8. Remove kinks. Re¬ 
place with larger line 
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PART V. DOMESTIC AND COMMERCIAL SYSTEMS 


CONDENSING UNIT OPERATES TOO LONG (Continued) 


Observations 

Trouble 

Remedy 

0. Hissing at metering valve. 

9. Slight shortage of refrig- 

9. Add refrigerant 

Compressor bead cooler 
tbaii normal 

erant 


10. Liquid line and cumpres- 

10. Ineflicient compressor 

10. Repair or replace com- 

Bor head cooler than nor- 

(a) Leaky compressor 

pressor 

inal 

valve 

(b) Leaky piston rings 

(c) Leaky gaskets be¬ 
tween cylinders 


11. Test for ice—allow valve 

11. Ice, wax, or dirt partially 

11. Clean valve. Install de- 

to warm up to melt ice or 

closing metering valve 

hydrator. Replace oil 

tap lightly. Teat for wax 


with oil of lower wax 

or dirt—flush valve by al¬ 
lowing a large amount of 
refrigerant to flow through 
valve in short time. Re¬ 
peat a number of times 


content 

12. Same 

12. Compressorspecdtoolow 

12. Speed up by changing 
pulley size or using 
larger motor 

Suction pressure—above nor- 

Condensing unit capacity too 

Install larger condeiiHing 

mal cut-in point 

Head pressure—normal 
Evaporator—superheat higher 
than normal 

small 

unit 

Suction pressure—above nor¬ 

Condensing unit has reduced 


mal cut-in point 

capacity due to high head 


Evaporator—superheat slightly 
higher than normal 

pressure caused by: 


1. Receiver pressure low. Mo¬ 

1. Partially closed discharge 

1. Open valve 

tor and compressor head 
hot 

service valve 


2. Motor and compressor head 

2. Air-cooled condenser 

2. 

hot. Liquid line warmer 

(a) Dirty 

(a) Clean 

than normal 

(b) Air temperature too 

(b) Install evaporative or 


high 

water-cooled condenser 


(c) Poor air circulation 

(c) Remove obstruction 

3 Motor and compressor head 
hot. Liquid line warmer 
than normal 

3. Water-cooled condenser 

3. 

(a) No water discharged 

(a) No water 

(a) Remove obstruction 

to sewer 


in water pipe 

(b) Discharge water very 

(b) Re.stricted water flow 

(b) Increase pressure or 

warm and quantity exces¬ 


pipe size, remove ob¬ 

sive 


struction 

(c) Discharge water very 

(c) Water temperature too 

(c) Install evaporative 

warm and quantity exces¬ 
sive 

high 

CDndBn.ser 

(d) Discharge water cool 
and quantity excessive 

(d) Corroded condenser 

(d) Clean or replace 
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Observations 

Trouble 

Remedy 

4. Motor and CDinjiressor head 

4. Evaporative cooled con- 

4. 

hot. Liquid line wanner 

denser 


than normal 



(n) Hot dry air leaving 

(a) No water 

(a) Correct trouble in 

condenser 


water line or float valve 

(b) Hot dry air leaving 

(b) Spray nozzle clogged 

(b) Clean 

condenser 



(c) Hot dry air leaving 

(c) Pump not operating 

(c) Repair 

condenser 



(d) Same as (c) 

(d) Coil surface dirty 

(d) Clean 

(e) No air leaving con- 

(e) Air inlet or nutlet ob- 

(e) Remove obstruction 

denser 

structed 

(f) No air leaving con- 

(f) Fan not operating 

(f) Repair 

denser 



5. Motor and com|)ressor head 

5. Air in system 

5. Purge system 

hot. Liquid line warmer 
than normal 



fi. Motor and compressor head 

6. Too much refrigerant 

6. Release some refrigerant 

hot. Liquid line warmer 
than normal and com])res- 
sor may be jumpy and slug 
at start 



7. Receiver pressure lf)w. Mo- 

7. Restricted condenser tul)e 

7. Clean or rBj)IacD 

tor and compressor head 
hot 



8. Motor and compressor head 

8. Condenser too small 

8. Rci)liice 

hot. Liquid line warmer 



than normal 



Suction pressure—above nor¬ 

Condensing unit overloaded 


mal cut-in point 

due to: 


Head pressure—normal 

1. Hot foods 

1. Instruct owner in proper 

Evaporator— norimal sui)er- 


alteration 

heat 

2. Doors left open 

2. Instruct owner in jjroper 
operation 


3. Loose fitting doors 

3. Replace 


4. Poor gaskets 

4. Replace 


5. I’oor insulation 

5. Replace 


0. Condensing unit and coil 

6, Replace 


too small 


Type System: Thermostatic Expansion 


Suction pressure—above nor- 

Refrigerant is not circulating 


mal cut-in point 

at proper rate due to obstruc- 


Head pressure—low 

tion 


Evaporator—high superheat 



1. Test for ice—allow valve to 

1. Ice, dirt or wax partially 

1. Clean valve. Install de¬ 

warm up to melt ice or tap 

closing expansion valve 

hydrator. Replace oil 

lightly. Test for wax or 


with oil of lower wax 

dirt—flush valve by allow- 


content 

ing large amount of liquid 
to flow through valve in 
short time. Repeat a num¬ 
ber of times 
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PART V. DOMESTIC AND COMMERCIAL SYSTEMS 


CONDENSING UNIT OPERATES TOO LONG (Continued) 


ObservationB 

Trouble 

Remedy 

2. Try turning expansion 
valve adjusting nut slightly. 
If this does no good some¬ 
thing else is wrong 

2. Expansion valve out of 
adjustment 

2. Adjust 

3. Warming feeler bulb raises 
suction pressure and de¬ 
creases superheat only 
slightly 

3. Expansion valve power 
element has partially lost 
charge 

3. Replace expansion valve 

4. Warming power element 
with hands corrects trouble 
temporarily 

4. Expansion valve in too 
cold a location. Power ele¬ 
ment is colder than feeler 
bulb 

4. Move expansion valve to 
warmer location 


COMPLAINT; WATER BILL TOO HIGH 


First Observation: Refrigerated Space Cold Enough 
Type System: Any—Head Pressure Controlled Water Valve 


Observations 

Trouble 

Remedy 

Water flow—high 

Hoad pressure—normal 

1. Water pressure too high 

2. Water valve out of adjust¬ 
ment 

3. Valve stuck open 

4. Condenser is dirty result¬ 
ing in poor heat transfer 

1. Install pressure regulat¬ 
ing valve 

2. Adjust 

3. Repair 

4. CTlean or replace 

Water flow—normal 

Head pressure—normal 

1. Water valve leaks when 
shut oil 

2. Condensing unit operates 
too long 

1. Repair 

2. Seesection entitled “Con¬ 
densing Unit Operates 
Too Long’* 

Water flow—high 

Head pressure—high 

Excessive water flow caused 
by high head pressure due to: 

1. High water temperature 

2. Air in system 

3. Too much refrigerant 

4. Condenser is dirty result¬ 
ing in poor heat transfer 

5. Condenser too small 

6. Partially closed discharge 
or receiver valve 

1. Install evaporative con¬ 
denser 

2. Purge 

3. Remove some refrigerant 

4. Clean or replace 

5. Replace 

6. Open 


Type System: Any—Electric Water Valve 


Water flow—normal 

1. Water valve leaks when 

1. Repair 


shut off 


2. Condensing unit operates 

2. See section entitled “Con¬ 


too long 

densing Unit Operates 
Too Long" 
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Obaervations 

Trouble 

Remedy 

Water flow—high 

1. Water pressure too high 

1. Install pressure regulat¬ 



ing valve 


2. Water valve stuck open 

2. Repair 


3. Water valve too large 

3. Install smaller valve 


COMPLAINT: ELECTRIC BILL TOO HIGH 


First Observation: Refrigerated Space Cold Enough 
Type System: Any 


Observations 

Trouble 

Remedy 


1. Wrong electric rate 

2. Machine operates too lung 

1. Get ill touch with electric 
power cumpany 

2. See section entitled "Con¬ 
densing Unit Operates 
Too Long" 


Type System: Any 

COMPLAINT: NOISE 


Observations 

Trouble 

Remedy 

C>omi)resBor is noisy 

1. Compressor foundation 
bolts loose 

2. Drive belt is noisy 

(a) Squeaks 

(b) Belt slaps because it 
is loose or worn 

1. Tighten 

2. 

(a) Clean. See if pulleys 
are in line. Use soaj) or 
belt dressing 

(b) Tighten 


3. Compressor bearings worn 

3. Repair 


4. Valves noisy 

5. Squeaky seal 

(a) Oil level too low 

(b) Defective seal 

4 . Repair 

5. 

(a) Add oil and repair 
if necessary 

(b) Replace or repair sefil 


6. Compressor pumping oil 

6. Remove excess oil 


7. Shipping blocks not re- 
noved 

7. Remove 


8. Excessive refrigerant 

8. Purge some refrigerant 


9. Air in system 

9. Purge 


10. CcTmpressor bearings worn 

10. Repair 

Motor is noisy 

1. Motor loose on base 

1. Repair or replace 

2. Bearings lack oil 

2. Add oil 


3. Brushes squeak 

3. Replace or fit brushes to 
commutator 


4. Motor bearings worn 

4. Tighten bolte 
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Type System: Any 


COMPLAINT: ODORS 


Observations 

Trouble 

Remedy 

Odor in refrigerated space 

1. Cabinet dirty or spoiled 
food 

1. Clean and w^ash with 
strung solution of baking 
soda and water 


2. Strong foods left uncov¬ 
ered 

2. Instruct owner to cover 
all strong foods 


3. No trap in drain to sewer 

3. Install trap 


4. Cabinet door kept closed 
when system is shut off 

4. Have owner leave door 
open when system is 
turned off 


5. Ilefrigerant leaks 

5 . Locate and rej)air 


6. Brine leaks 

0. Locate and repair 


7. Coil surface dirty 

7. Wash with baking soda 
solution 

Odors outside of cabinet 

1. Refrigerant leaks 

1. Locate leak and repair 


2. Brine leaks 

2. Locate leak and repair 


3. Belt burned due to slip¬ 
ping 

3. Tighten belt. Replace if 
necessary 


4. Motor overheated 

4. Locate cause of trouble 
Install overload relay 
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35. AIR CONDITIONING 


Part I. Theory of Air Conditioning 


I. Properties of Mixtures of Dry 
Air and Steam (“Moist” Air) 

1. The water vapor or steam mixed with 
dry air in the atmosphere is superheated 
when the relative humidity is less than 
100% and saturated when the relative 
humidity is 100%. The state of a mixture of 
dry air and saturated steam is completely 
defined if the dry bulb temperature and 
total pressure of the mixture are known. 
The tables of Chapter 10 give the proper¬ 
ties of mixtures of dry air and saturated 
steam for a total pressure of 29.921 in. Hg 
abs and for temperatures from —160 F to 
200 F. 

The state of a mixture of dry air and 
superheated steam is not completely de¬ 
fined by dry bulb temperature and total 
pressure. A third property of state is neces¬ 
sary, such as relative humidity, partial 
pressure of the water vapor, saturation 
ratio, dew point, or temperature of adia¬ 
batic saturation (also called thermody¬ 
namic wet bulb temperature). 

2. Such a property in a mixture of dry 
air and water vapor is the temperature of 
adiabatic saturation, sometimes called the 
thermodynamic wet bulb temperature. If a 
mixture of dry air and water vapor flows 
over a large surface of water, the specific 
humidity of the mixture will be increased, 
and the mixture may be saturated. If the 
saturation process occurs at constant total 
pressure and with no external heat transfer, 
the temperature at which the mixture will 
be saturated depends upon the initial state 
of the mixture and upon the temperature 
at which the makeup water is supplied. 

If the water is assumed to be supplied at 
the exit temperature of the saturated mix¬ 
ture, then this temperature, now defined 
as the temperature of adiabatic saturation, 
depends only upon the initial state of the 
mixture and is, therefore, a true property 


of state. The temperature of adiabatic sat¬ 
uration is also the. temperature at which 
mixtures of air and water vapor may be 
saturated by contact with recirculated 
water in adiabatic processes of evaporative 
cooling. 

Tne state of a mixture of dry air and 
water vapor is fixed and the various prop¬ 
erties of state may be found when the 
total pressure of the mixture, the dry bulb 
temperpture, and the ternporature of adia¬ 
batic saturation are known. There is little 
difficulty in finding the first two of these 
quantities, but the experimental deter¬ 
mination of the temperature of adiabatic 
saturation is more difficult. The tempera¬ 
ture of adiabatic saturation of a mixture 
of air and water vapor is commonly taken 
as the temperature indicated by the wet 
bulb thermometer of a sling psychrometer. 
This procedure is quite accurate but en¬ 
tirely fortuitous, for the same procedure 
may involve large errors for other mix¬ 
tures, particularly when the molecular 
weight of the gas is greatly different from 
that of the vapor. 

To read accurately the temperature of 
adiabatic saturation of air-water vapor 
mixtures, the wet bulb thermometer must 
be swept by an air stream at a velocity of 
at least 500 fpm and must be exposed to 
radiation from surfaces that are at a tem¬ 
perature close to the dry bulb temperature 
of the air. A wet bulb thermometer in rela¬ 
tively stagnant air (air velocity of 20 fpm), 
when unshielded from radiation from sur¬ 
faces at the dry bulb temperature, will 
read a temperature that is about 15% of 
the wet bulb depression higher than the 
temperature of adiabatic saturation; if 
shielded from radiation, the wet bulb 
thermometer in stagnant air will read a 
temperature that is about 15% lower than 
the temperature of adiabatic saturation. 


[SBl] 
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For extremely high air veloeities (5,000 
fpm or more), the wet bulb thermometer, 
whether shielded or unshielded from sur¬ 
faces at the dry bulb temperature, will 
read closely the temperature of adiabatic 
saturation. 

The energy balance for the process of 
adiabatic saturation is 


/i + 


W'-W 

7,000 


h/^=h' 


( 1 ) 


where/i= the enthalpy of the mixture of 
dry air and water vapor, Btu 
per lb of dry air 

W =the specific humidity of the mix¬ 
ture, grains per lb of dry air 

W' =the specific humidity for satura¬ 
tion at the temperature of adia¬ 
batic saturation, grains per lb of 
dry air 

/i/»=tlie specific enthalpy of the 
liquid (or solid) at the tempera¬ 
ture of adiabatic saturation, Btu 
per lb 

/i'=the enthalpy of the saturated 
mixture at the temperature of 
adiabatic saturation, Btu per lb 
of dry air 


The saturation ratio of the mixture, /x, 
also known as percentage humidity or per 
cent saturation is the ratio of the specific 
humidity t)f the mixture to the specific hu¬ 
midity for saturation at the dry bulb 
temperature, or 


Therefore, 


h = W- 


- h/r 

7,000 


Also, the enthalpy of the mixture is given 
by the following equation 

h = ha — ha) = ha (3) 

where ha = the enthalpy of the dry air in 
the mixture at the dry bulb 
temperature, Btu per lb of dry 
air 

=thc enthalpy of the mixture of 
dry air and saturated steam at 
the dry-bulb temperature, Btu 
per lb of dry air 


For simplicity in the use of Eq 3, it may 
be assumed with small error that the 
enthalpy of dry air in a mixture of dry air 
and superheated steam is equal to the 
enthalpy of dry air at the same total pres¬ 
sure and dry bulb temperature. Actually, 
because the partial pressure of the dry air 
in a mixture is less than the total pressure, 
the enthalpy of the dry air in the mixtuie 
slightly exceeds the enthalpy of dry air at 
a pressure equal to the total pressure. 

It may be shown from the preceding 
equations that the saturation ratio is 


A* = 


h' 


_k 

“ 7,000 


h,—ha 


W,hr 

7,000 


(4) 


If the pressure-volume product of super¬ 
heated steam is the same as the pressure- 
volume product of saturated steam at the 
same temperature, it may be shown that 
the volumt^ of a mixture of dry air and 
superheated steam per pound of dry air is 

V=Va-\-niv,-Va) (5) 


where Va =the specific volume of dry air at 
the total pressure and tempera¬ 
ture of the mixture, cu ft per lb 
V. =tlie volume of the mixture of 
dry air and saturated steam at 
the dry bulb temperature, cu ft 
per lb of dry air 

3. Examples will now be given to show 
how the properties of state of a mixture of 
dry air and superheated steam may be 
found from the tables of Chapter 10 cover¬ 
ing properties of mixtures of dry air and 
saturated steam: 

Find the saturation ratio, specifii; hu- 
miility, relative humidity, dew point, en¬ 
thalpy and volume of a mixture of dry air 
and superheated steam when the dry bulb 
temperature is 80 F and the wet bulb tem¬ 
perature is 65 F if; (a) the total pressure is 
the standard atmospheric pressure of 29.92] 
in. Hg abs; (b) the total pressure is 29.00 
in. Hg abs. 

(a) From Table 1 (Chapter 10) at t' = 65 F, 
find IF'= 92.51 grains per lb of dry air, 
hff =33.1 Btu per lb of steam and ^'=30.03 
Btu per lb of drj' air; from the same table at 
f = 80 F, find = 19.23 Btu per lb of dry air, 

= 43.63 Btu per lb of dry air, and 
ir. = 155.8 grains per lb of dry air. The per- 
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centage humidity (saturation ratio) of this 
mixture may then be found from Eq 4 as 
follows: 


u 


30.03-19.23- 


43.63-19.23- 


92.51(33.1) 

_ 7,0 00_ 

155.8(33.1) 

f,’ooo 


= 0.438 


From Eq 2, the specific humidity of the 
mixture is then found to be 


TF=0.438(155.8) 

= 68.22 grains per lb of dry air 


The relative humidily, 0, is the ratio of 
Ihc parlial pressure of the steam in the mix¬ 
ture to the saturation pressure of steam at 
the dry-bulb temperature. It is permissible 
to interpolate in Table 1 (Chapter 10) on the 
basis of this specific humidity to find the 
partial pressure of the steam in this mixture 
to be 0.461 in. Hg. The relative humidity is 


0.461 
1 .0323 


= 0.447 


liy a similar interpolation the dew point 
is found to be 50.G F. This is the temperature 
at which condensalion of the water vapor 
would begin if the mixture win e cooled at the 
constant total pressure of 29.921 in. llg. 

The enthalpy of the mixture may be found 
from Eq 1 as 


, ,, W'-W 

h=fi - hf‘ 


7,000 

24.29(33.1) 

= 30.03-- - 

7,000 

= 29.92 Btu per lb of dry air 


The volume of the mixture per lb of dry 
air is found from Eq 5 as 

i; = 13.602+0.438(14.09-13.602) 

= 13.816 cu ft 


(b) When the total pressure of the mixture 
differs from the standard atmosphere, proper¬ 
ties of the mixture of dry air and saturated 
steam at the given total pressure must be 
found first. At a total pressure of 29.0 in. Hg 
and a temperature of 80 F, properties of dry 
air are found as follows: 


Va-^- (13.606)-0.0042 

29.0 

= 14 .034 cu ft per lb 

-=19.233 Btu per lb 


Properties of a mixture of dry air and 
saturated steam at a pressure of 29.0 in. 
Hg aud a temperature of 80 F follow; 


V, =- 


13.606(29.921) 

2976 ^^ 0 : 123 ^ 


-0.0042 


= 14.552 cu ft per lb of dry air 
7,000 V, 7,000(14,552) 

Vg 633 


= 160.9 grains per lb of dry air 

, 9.327 

29.921 


1TO.9 

'*’77060 


(1090.1) 


= 44.43 Btu per lb of dry air 


In a sirnihir manner, properties of a mix¬ 
ture of dry air and saturated steam at a 
pressure iif 29.0 in, llg and a temperature of 
65 F may be slii>wii to be y, = 13.942 eu ft 
per lb of dry air, IF, = 95.52 grains per lb of 
dry air, and /t, = 30.50 Btu per lb of dry air. 

The properties of the mixture of dry air 
and superheated steam follow: 


95.52(33.1) 
30.50-19.2:1:1—- 


= 0.443 


160.9 33.1 

44.43-19.233----- 

7,000 

IF =0.443(160.9) 

= 71.28 grains per lb of dry air 
y = 14 .034 + 0 .443 (14.552 -14.034) 
= 14.333 cu ft per lb of dry air 
(95.52-71.28) 

,. = 30.50- - (3.3.1) 

= 30.39 Btu per lb of dry air 
/14.552\ 

0=0.413 (- r-;-) =0.450 

\14.333/ 


The partial pressure of the steam in the 
mixture is 0.450 (1.0323) or 0,1645 in. Hg, 
and the dew point, or saturation tempera¬ 
ture of steam at this pressure, is 55.1 F. 


II. Processes in Air Conditioning 

4. a. Regardless of the nature of the 
process by which the state of a mixture of 
air and water vapor may be changed in 
conditioning the air, two important rela¬ 
tions for such processes are the conserva- 
tion of weight and the conservation of 
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energy equations. In drawing up a weight 
balance for steady flow conditions^ the 
weight of all fluids entering the equipment 
(whether heater, cooler, etc.) must be equal 
to the weight of all fluids leaving in the 
same unit of time. In setting up the energy 
balance for steady flow of the fluids 
through the apparatus with no appreci¬ 
able changes in elevation or velocity, the 
enthalpy of all fluids entering plus any 
heat or mechanical energy supplied (minus 
any heat or mechanical energy removed) 
may be equated to the enthalpy of all 
fluids leaving the apparatus. 

b. The fundamental processes required 
in air conditioning are heating, cooling, 
humidifying, dehumidifying, and mixing; 
in addition, there are the processes of 
cleaning, supplying, exhausting, and dis¬ 
tributing the air. The refrigerating en¬ 
gineer is usually concerned with maintain¬ 
ing the required dry bulb temperature 
and relative humidity within an enclosure 
where there is a gain of heat and a gain of 
water vapor. The required conditions may 
be maintained by direct expansion of a 
refrigerant in coils in the enclosure or by 
tlio supply of conditioned air. When the 
latter method is used, the conditioned air 
must be supplied at the proper rate and at 
a lower dry bulb temperature than the 
room air in order to balance the gain of 
heat; the specific humidity of the condi¬ 
tioned air must also be lower than that 
maintained in the enclosure, in order to 
balance the gain of water vapor. 

Assume that a dry bulb temperature of 
ir and a wet bulb temperature of t/ must 
be maintained in an enclosure where there 
is a gain of heat of Qh Btu per hr from 
transmission, solar effect, lights, people, 
processes, air change, etc., and a gain of 
water vapor of Qv grains per hr from air 
change, processes, people, etc. If the con¬ 
ditioned air is supplied at the rate of Af. 
lb per hr (dry) and in a state a with a 
dry-bulb temperature of and a specific 
humidity of Wa, the weight balance for 
water vapor is 

( 6 ) 

The energy balance is 

( 0 44W \ 


From these relations, the required specific 
humidity of the conditioned air supplied 
to the enclosure is 


Wa^ 


(l,690+0.44TF.)(^-<,) 


7,000_Q* 

Q. 


-h0.44(fr-f.) 


For a given state of air in the enclosure 
and a given gain of heat and water vapor, 
fixing any one of the other three variables, 
(1) dry bulb temperature of conditioned 
air, (2) specific humidity of conditioned 
air, or (3) weight rate of supply of condi¬ 
tioned air, will immediately fix the remain¬ 
ing two. 

Example. A room is to be maintained at a 
dry bulb temperature of 80 F and a wet 
bulb temperature of 67 F (lFr=78.3). There 
is a gain of heat of 30,000 Btu per hr and a 
. gain of water vapor of 105,000 grains per hr. If 
the dry bulb temperature of the conditioned 
air supplied to the room is 65 F, find the 
required specific humidity and rate of supply 
of conditioned air. 

Solution. From (8) the required specific 
humidity is 


1F»=78.3- 


(1714.5) (15) 
2,007 


= 65.5 gr per lb of dry air 


From (6) M* 


105,000 

~l2.8 


= 8,200 lb of dry air per hr 


The state of the conditioned air that must 
be supplied to the room may he found on the 
psychrometric chart of Chapter 4 from the 
known dry bulb temperature (65 F) and the 
known specific humidity (65.5). The corre¬ 
sponding wet bulb temperature is 59 F; also, 
the volume of the supply air is 13.42 cu ft 
per lb of dry air, and the conditioned air 
must therefore be supplied at the rate of 
1,830 dm. 

5. a. Some of the processes in air con¬ 
ditioning will be explained with reference 
to the psychrometric chart. Adiabatic 
saturation or evaporative cooling may be 
represented on the psychrometric chart 
without appreciable error by a process of 
constant wet bulb temperature. This proc¬ 
ess is exemplified by the humidification 
of air in spray-type equipment if the spray 
water is neither heated nor cooled. For 
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BNample, if the initial dry bulb tempera¬ 
ture of the air is 90 F, initial wet bulb 
63 F, and if the dry bulb is reduced to 
72.5 F by spraying the air with recircu¬ 
lated water, the initial and final properties 
of the mixture are: 



Initial 

Final 

Dry bulb temperature, F 

90 

72.5 

Wet bulb temperature, F 

63 

6:i 

Relative humidity, % 

20 

60 

Dew point, F 

44.5 

57.6 

Specific humidity, gr per lb 

43 

71 

Entlialpy, Btu per lb 

28.35 

28.47 


b. Cooling with dehtunidihcation may 

be accomplished by passing air through a 
spray of water or over a surface maintained 
at a temperature below the initial clew 
point of the air. The problem is to select 
the surface and its temperature such that 
dchumidification and sensible cooling will 
be in the right proportion to balance the 
moisture and sensible heat gains in the 
conditioned enclosure. A skeleton psy- 
chrometric chart is shown in Fig. 1 in 
which the specific humidity is plotted as 
ordinate vs. the dry bulb temperature as 
abscissa. State 1 represents the air intro¬ 
duced to the cooling surface, while 
represents the temperature of that surface. 
If a point, iS, is located on the saturation 
curve at the temperature f,, the state of 
the air leaving the surface (one such point 
is represented by 2) will be on the straight 
line from 1 to S (with constant surface 
temperature). 

The temperature at point 2 depends on 
the rate of flow of air, the area of the cool¬ 
ing surface, the sensible heat transfer co- 



Fig. 1. Cooling and Dohumidiflcation of Air 



Fig. 2. Use of E eheat to IncTease 
Dehumidification Ratio 


efficient of the surface, the surface tem¬ 
perature, and the dry bulb temperature 
of the entering air. 

The straight line joining the state of the 
air entcrng the air conditioner and that 
leaving it may fail to intersect the satura¬ 
tion curve as shown by the dashed line 1-2 
ill Fig. 2. This indicates that the ratio of 
latent to sensible heat loads is so great 
that at least two treatments must be used. 
With the state of the entering air fixed, 
the maximum ratio of latent to sensible 
cooling capacity obtainable with either 
spray- or surface-type equipment is fixed 
by the slope of the straight line drawn 
tJirough this point tangent to the satura¬ 
tion curve. When the ratio of latent to 
sensible cooling loads is greater than can 
be handled in a single process, the air may 
be reheated after cooling. As shown in 
Fig. 2, the air may be cooled by a surface 
at f, to some point X, where the desired 
specific humidity exists. In this cooling, 
there is a greater reduction in the dry bulb 
temperature than is desired; if the air 
were admitted to the conditioned space in 
state X the temperature maintained would 
be lower than the design value. To avoid 
this the air must be reheated without 
change in specific humidity from X to 2. 

When reheating is necessary, the re¬ 
frigeration capacity must be greater than 
the total heat gain by the amount of heat 
added during reheating. In this case the 
temperature of the cooling medium should 
be as high as is economical in order to get 
the most refrigerating effect for the ex¬ 
penditure of a given amount of energy. 
Increasing the temperature of the cooling 
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Fig. 3. Mixing of Two Quantities of 
Air at Different Conditions 

medium, however, raises the surface tem¬ 
perature and moves point X to the left, 
tliereby in creasing tlie amount of relieat- 
ing required, so there is an economical limit 
to the temperature of the cooling meilium 
used. 

c. The mixing of two quantities of air 

in different states may be represented on 
the psycliroinetric chart by a straight line 
joining the points representing the initial 
states, as shown in Fig. 3. Let point 0 
represent the condition of outdoor air. Let 
point N represent the condition of indoor 
or recirculated air. Tlic mixture is then 
represented by state 1 so located that the 
ratio of the distance from to 1 to the 
distance from to 0 is eipial to the ratio 
of the supply of outdoor air to the total 
circulation. Then 

(lu-tA) (9a) 

M 

(9b) 

M 

where A/o = the weight rate of supply of out¬ 
side air 

M =the weiglit rate of total circula¬ 
tion (outside plus recirculated 
air) 

d. In Fig. 4 is shown a summary of what 
happens to air in typical summer condi¬ 
tioning. Air at state 1 is cooled and de¬ 
humidified to state 2, wliere it enters the 
duct system. In the duct system heat may 
be transferred to the air, warming it to 3. 
The air is then introduced to the condi¬ 
tioned space in state 3. Here the air picks 


up heat and moisture until its state is 
changed to N. The length of the line from 
3 to 4 is proportional to the sensible heat 
gain of the room (exclusive of the heat 
gain of outdoor air supplied mechanically 
and mixed with the return air). The 
length of the line from 4 to A is proi)or- 
tional to the latent heat gain of the room 
(exclusive of mechanical outdoor air sup¬ 
ply). Air is removed from the room in state 
N and mixed with outdoor air in state 0, 
thereby increasing its specific humidity 
and dry-bulb temperature to the condi¬ 
tions represented by state 1. The length 
of the line from A to 5 is proportional to 
the sensible heat gain from tVie supply of 
outdoor air, and tliat of the line from i) to 1 
is proportional to the latent heat gain from 
the supply of ou til our air. 

e. Although most of the previous dis¬ 
cussion has involved surface cooling, tlii; 
same principles may be applied when 
spray-type equipment is used. In this case 
the temijerature of tlie refrig['Tated spray 
water would rephice the temperature of 
the cooling surface, in the analysis of 
the cooling process. 

f. Dehurnidilication may also be ac¬ 
complished by using the absorbing or ad¬ 
sorbing properties of various liquids and 
solids. Absorbents change physically or 
chemically during the absorption of water 
vapor; liquid absorbents include solutions 
of calcium chloride, lithium chloride, and 
ethylene glycol, while ealcium cldoride is 
also used in the solid form. Adsorbents do 
not change phy.sically or ohemically during 
the process of dehumidifying air. Solid ad¬ 
sorbents have a porous, sub-micrnscoj)ic 



t 


Fig. 4. Summary of Air Passages 
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structure with many small voids and an 
extremely large area of adsorbing surface; 
silica gel, activated alumina, activated 
charcoal and activated bauxites are ex¬ 
amples of solid adsorbents. 

Liquid absorbents may be reactivated 
by heating the solution to drive off water 
vapor into a stream of activating air. Solid 
adsorbents arc commonly reactivated by 
contact with a stream of hot (.‘100 F to 
400 F) products oF combustion or hot air. 

In the process of adsorption, the dry 
bulb temperature of the air increases ap- 
preciablj^ and the wet bull) temperature of 
the air increases slightly as tlie specilic 
hiiinidity of the air decreases. Typical 
initial and final states of a mixture of air 
and water vapor resulting fr[)m an ailsorp- 
tion process using silica gel are: 


Initial Final 


Dry bulb temiiciaturc, V 

75 

128 

Wet bulh temperature, F 

70 

73.5 

Specific humidity, grains 

l)er Ih uf dry air 

102.2 

38 

Fiitlialiiy, iJtu fier Ih of dry 

air 

34.0 

3G.6 


In the above example, the dehumidified, 
Wiinn air would be (iooled before delivery 
to an air-coTiditi Oiled enclosure. 

Dehumidification by processes of ab¬ 
sorption or adsoriition is used principally 
where low hiimidity must be maijitained 
or where a close control of humidity inde¬ 
pendent of temperature control is desired. 

III. Comfort and Health as 
Influenced by Air Properties 

6. Some of the principal factors tluit 
affect human comfort insofar as it is influ¬ 
enced by air environment are: Dry-liulb 
temperature, humidity, air motion, air dis¬ 
tribution, odors, dust, sinokc), bacteria and 
toxic gases. Other properties of the air that 
may influence human comfort, but the ef¬ 
fects of which are not so clearly established 
at the present time, are the ozone content 
and the ionic content. Large changes in air 
pressure also have effects upon health 
and comfort that are beyond the scope of 
this discussion. The simple processes of 
heating and cooling are used to change the 
dry-bulb temperature of the air only. 
Ventilation is the process of changing the 


air within an enclosure by supplying and 
distributing fresh air and exhausting used 
air. Air conditioning, however, is now un¬ 
derstood to mean the simultaneous control 
of at least the first three of the above listed 
factors. 

Human occupancy of an enclosure 
produces the following alteration in the 
properties of the air: (1) oxygen is used in 
metabolism; (2) carbon dio.vide, a waste 
product of metabolism, is exhaled; (.'!) the 
dry-bulb temperature of the air is in¬ 
creased, because the energ}^ liberated in 
metabolism is partly lost as heat; (4) the 
hunudity of the air is increased by the 
evaporation of moisture from the body 
surface and the respiratory tract; (5) odors 
are given off, and ((») the number of small 
ions in a unit volume of the air is decreased. 

Old and fallacious beliefs were that hu¬ 
man discnpifort was a consequence of the 
increase in the carbon dioxide content of 
the air in an enclosure or of the prusonous 
effi‘ct of products of organic decomposition 
in respired air. The modern theory is that 
human discomfort results when the tem¬ 
perature-regulating system of the l)ody is 
unable to comi)ensate comfortably for 
differences between the rate of f 3 iiergy 
release in metabolism and the riite at 
which heat can be dissipated from tlie 
body b}'’ evapfjration, radiation, convec¬ 
tion, and coiidnction. 

7. ()ni‘ iirlntrary index of tlie eorn- 
bined effects of ilry bulb temperature, hu¬ 
midity, and air motion upon the feeling 
of warmth or cobl is effective temperature. 
The nnmerical value assigned to the effec¬ 
tive temperature is tin; dry bulb tempera¬ 
ture of saturated still air producing the 
same feeling of warmth or cold as the air 
in any giveai state and motion. Effective 
temperature, then, is not a temperature at 
all, but an index that combines the effects 
of temperature, humidity, and air motion. 

The engineering problem involved in 
providing summer comfort reduces to the 
maintenance of comfortable and reason¬ 
ably uniform combinations of dry bulb 
temperature, relative humidity (or wet 
bulb temperature), and air motion. At the 
same time, clean outdoor air must be sup¬ 
plied and vitiated air removed in sufficient 
quantities to keep by dilution the concen¬ 
tration of odors, smoke, and fumes below 
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objectionable limits. Due to acclimatiza¬ 
tion or human adaptation to changing air 
conditions and also to various personal and 
psychological factors, it is practically im¬ 
possible to set up invariable standards that 
will insure comfort for each human occu¬ 
pant in every air-conditioned enclosure. 
Instead, all that can be done is to prepare 
standards of recommended practice based 
upon experience in an attempt to provide 
comfort for most of the people. 

Fig. 1, Chapter 37, is based on A.S.H.V.E. 
comfort data, with lines of constant ef¬ 
fective temperature and zones for sum¬ 
mer and winter where the majority of 
people feel comfortable. In the absence of 
very precise information, it seems desir¬ 
able to limib the comfort zones to a range of 
relative humidity from 30 to 70%. This 
comfort chart applies only to inhabitants 
of the United States between 20 and 70 
years of age living where central heating 
of the convection type is used during four 
to eight months of the year. Application 
of the summer comfort zone is further 
limited to homes, offices, etc., where the 
exposure of the occupants to the artificial 
conditions is for periods of 3 hr or more. 
When the exposure is relatively short, as 
in a bank or a store, the contrast between 
indoor and outdoor conditions becomes 
more evident, and higher indoor tempera¬ 
tures should be carried if the conditioning 
is to be done for the benefit of the custom¬ 
ers. Factors other than the time of occu¬ 
pancy which must be used to supplement 
the information given on the comfort 
chart are the effects of high or low wall 
and glass temperatures (affecting radiation 
to or from the body surface), the state of 
activity of the occupant (the comfort 
chart is for people at rest), the amount of 
clothing worn, the extent of crowding of a 
room (effect upon radiation from body), 
and the state of the body at entry to the 
conditioned enclosure. 

B. Table 1 gives suggested indoor con¬ 
ditions that are desirable for certain out¬ 
door dry bulb temperatures; the condi¬ 
tions apply to people engaged in sedentary 
or light muscular activity where the period 
of occupancy of the conditioned space is 
over 40 minutes. This schedule is not ab¬ 
solute and should be used with judgment. 


For periods of occupancy shorter than 40 
minutes, the effective temperatures in the 
table should be slightly increased. Due to 
the effects of adaptation, higher effective 
temperatures may be more comfortable in 
southern climates. 

Table 1. Preferred Schedule of Indoor Air 
Conditions Corresponding to Out¬ 
door Summer Dry Bulb 
Temperatures 

(Period of occupancy over 40 min; indi¬ 
viduals engaged in sedentary or light 
muscular activity) 


Outdoor 

Indoor Air Conditions 

temper- 

aturs, 

F 

EffectivB 

temper¬ 

ature 

Dry 

bulb, 

F 

Wet 

bulb, 

F 

Relative 

humidity, 

% 

100 

75 

83 

66 

40 


75 

82 

67 

45 


75 

81 

68 

51 


75 

80 

70 

60 

95 

74 

82 

64 

36 


74 

81 

66 

44 


74 

80 

67 

51 


74 

79 

68 

57 


74 

78 

70 

68 

90 

73 

81 

63 

36 


73 

80 

64 

41 


73 

79 

66 

50 


73 

78 

67 

56 

84 

72 

80 

61 

32 


72 

79 

63 

41 


72 

78 

64 

46 


72 

77 

66 

60 

80 

71 

78 

61 

36 


71 

77 

63 

45 


71 

76 

64 

52 


71 

75 

66 

61 


Constant air motion is necessary in 
an enclosure to maintain uniformity in 
temperature and humidity. The air dis¬ 
tribution may be considered satisfactory 
if the variation in dry bulb temperature 
is 3 F or less throughout the frequented 
portion of a single room. The maximum air 
velocity in the zone between the floor and 
the five-foot level that can be tolerated by 
people at rest is about 50 fpm. 

The cooling effect on the clothed human 
body of air at a given temperature in- 
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creases with the square root of its velocity; 
air at 65 F and a velocity of 100 fpm will 
produce about the same convection heat 
loss from the clothed human body as air at 
a temperature of 40 F and a velocity of 
15 fpm. 

The total quantity of air that must 
be supplied to a conditioned space is fixed 
by the heat and water vapor loads and the 
state of the air supplied. Only a part of 
this air need be introduced from the out¬ 
side as fresh air, in most cases. The greater 
the amount of air that can be recirculated, 
the smaller is the load on the refrigerating 
equipment. In the absence of any other 
means of removing odors and tobacco 
smoke, there is a minimum quantity of 
clean outdoor air that must be supplied in 


Table 2. Ventilation Standards for 
Summer Cooling 



Cfm per person 

Application 

Pre¬ 

ferred 

Mini¬ 

mum 

Apartment 

20 

15 

Banking space 

10 

7i 

Barber shop 

10 

7i 

Beauty parlor 

10 

7i 

Broker’s board room 

30 

20 

Cocktail bar 

40 

25 

Department store 

7i 

5 

Directors’ room 

40 

30 

Funeral parlor 

10 

5 

Hospital room 

20 

15 

Hotel room 

20 

15 

Office, general 

15 

10 

Office, private 

20 

15 

Restaurant 

15 

12 

Shop, retail 

10 

7i 

Theater 


5 

For general application 



Each person, not smoking 

7i 

5 

Each person, smoking 

40 

25 


a given case to give adequate ventilation. 
Standards of suggested practice are given 
in Table 2. In no case, however, should the 
air change be less than that required by 
local ordinances. 

9. Extended studies have been made 
and published by the A.S.H.V.E. on the 
heat and moisture losses from the human 
body at work and at rest under different 
atmospheric conditions. The human body 


loses heat by convection to the surround¬ 
ing air and by radiation to surrounding 
solid surfaces whenever the temperature of 
the body is higher than the temperature of 
the air or of these surfaces. Heat is also 
dissipated by evaporation of moisture from 
the body surfaces whenever the tempera¬ 
ture of these surfaces exceeds the dew 
point of the air. The heat lost by radiation 
and convection increases the sensible cool¬ 
ing load, and the heat lost by evaporation 
of moisture increases the latent cooling 
load. The hourly rate of heat loss and the 
distribution of the heat loss at a dry bulb 
temperature of the surrounding air of 79 F 
are given in Fig. 3 of Chapter 37 for several 
different states of activity. 

The toial hourly loss of heat from the 
human body at rest is substantially con¬ 
stant for any effective temperature within 
the liinirs of the comfort zones. The distri¬ 
bution of the total loss of heat between 
sensible heat and latent heat depends 
chiefly upon the dry bulb temperature of 
the air and the state of activity. Within 
the limits of the comfort zones, this dis¬ 
tribution is not greatly affected by the 
humidity of the air, although humidity be¬ 
comes very important at higher dry bulb 
temperatures. For a constant state of ac¬ 
tivity, the fraction of the total loss that is 
in the form of sensible heat decreases as the 
dry-bulb temperature of the air increases. 
The effect of dry bulb temperature upon 
heat and moisture losses from the human 
body is shown in Table 3. 

10, a. The quality of air, from the stand¬ 
point of ventilation, is affected by the 
amount and nature of the dust carried. 
Dust is sometimes classified as solid par¬ 
ticles in the air between 1 and 150 microns 
in diameter (one micron is one-thousandth 
of a millimeter). Classified in this manner, 
dusts settle in accordance with the laws of 
gravity. Some industrial operations pro¬ 
duce dusts that, due either to their abra¬ 
sive or toxic actions, are injurious to health 
when inhaled. 

The dust content of the air may be meas¬ 
ured by impingement, scrubbing, electro¬ 
static precipitation, or settling. In the 
Owens dust counter, a measured volume of 
air is drawn into the apparatus by a piston, 
moistened and caused to impinge upon a 
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Tabic 3. Heat Losses from Human Body 


A. Ah affected by state of activity; indoor dry bulb tcinijcraturc of BO F (ACRMA Application Engineer¬ 
ing Standards, 1947) 


Activity 

Total loBB, 
Btu per hr 

Sensible 
heat loss, 
Btu per hr 

Equivalent 
latent heat 
loss, 

Btu per hr 

Moisture 
evaporated, 
grains per hr 

Seated at rest 

330 

180 

150 

1,000 

Seated, very light work 

400 

195 

205 

1,370 

Moderately active, standing, light work 

450 

200 

250 

1,670 

Light factory work 

750 

220 

530 

3,560 

Moderately heavy factory work 

1,000 

300 

700 

4,600 

Heavy work 

1,450 

465 

985 

6,560 


B. As affected by room dry bulb temperuturo 


Indoor dry- 
bulb temp 

F 

Per person seated at 
very light work 

Per person at light 
factory work 

Sensible, 

Btu per hr 

Equivalent 

latent, 

Btu per hr 

Sensible, 

Btu per hr 

Equivalent 

latent, 

Btu per hr 

80 

195 

205 

220 

530 

75 

240 

100 

295 

455 

70 

275 

125 

365 

385 


Table 4. Physiological Effects of 
Gases and Vapors 

(Ci)ncBntrntion in parts per 10,000 
parts of air by volume) 


Substance 

Rapidly 

fatal 

Maximum 
allowable 
for pro¬ 
longed 
exposure 

Ammonia 

50 

1 

Aniline 

— 

0.05 

Arsine 

2.5 

— 

Benzene 

200 

1 

Carbon dioxide 

1000 

50 

Carbon disulfide 

20 

0.2 

Carbon 'monoxide 

40 

1 

Chlorine 

10 

0.01 

Gasoline 

240 

5 

Hydrochloric acid 

10 

0-1 

Hydrocyanic qcid 

30 

0.2 

Hydrofluoric acid 

2 

0.03 

Hydrogen sulfide 

6 

0.2 

Lead 

— 

5 

Nitrobenzene 

— 

0.01 

Phosgene 

0.5 

0.01 

Phosphine 

10 

— 

Sulfur dioxide 

4 

0.1 

Toluene 

200 

2 

Turpentine 

— 

1 

Xylene 

200 

2 


glass disc. The dust partitdes collected on 
the disc are counted under a microscope. 
One arbitrary rule concerning the quality 
of the air is that the number of dust 
particles present in a well-ventilated room 
should not exceed 25,000 per cu ft. 

b. Fumes are usually classified as par¬ 
ticles between 0.2 and 1 ijd»^T[m in diameter 
and may result from distillation or chemi¬ 
cal reaction. The physiological effects of 
certain gases and vapors appear in Table 4. 

c. Smoke may be classified as particles 
less than 0.3 micron in diameter, usually 
re.sulting from incomplete combustion. 
Smokes do not settle from the air and may 
be so fine as to penetrate, in part, most 
filters. To ventilate a room occupied by 
tobacco smokers may require a supply of 
as much as 20 cfm of air per smoker more 
than is supplied when the occupants are 
not smoking. 

d. The usual procedure in determining 
the bacteria content of the air is to expose 
culture plates to the air for 2 min, then 
incubate at 98 F for from 24 to 48 hr and 
count the colonies of bacteria which have 
developed under a microscope. 
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11. Distinct from the effect of the prop¬ 
erties of air upon human comfort are the 
environmental influences upon health. 
Sucli influences are difficult to measure 
due to inability to establish a concise and 
accurate definition of health or disease. 
The general relationship between extreme 
conditions of weather and human health is 
well known. High environmental tempera¬ 
tures and humidities produce a rise in body 
temperature owing to a decrease in the rate 
of heat loss by radiation, convection, and 
evaporation. When the temperature of the 
fiiivironmciit attains that of the body, the 
loss of heat by radiation and convection 
stops. 

However, the effectiveness of air condi¬ 
tioning in the treatment of intlividuals suf¬ 
fering from symptoms of hay fever and 
pollen asthma has been demonstrated. 
Also of interest but of no statistical value, 


because of the limited number of subjects, 
are the experiments conducted by Kerr 
and Lagen, which seem to indicate that 
the common cold cannot be transmitted 
from one person to another in a properly 
air conditioned room. 

A high relative humidity (about 65%) 
has been found to be beneficial to the 
health and growth of premature infants up 
to the time that the infants reach a w^eight 
of about 5 11). 

Airborne contagion may be reduced by 
dust elimination ard droplet-nuclei disin¬ 
fection. Solutions of friethylene glycol and 
propylene glycol are germicidal for most 
airborne bacteria, particularly in dust-free 
air with relative humidity lietweeii 40 and 
60%. Additional data, however, are needed 
for conclusive evirlence of the effects of gly¬ 
col solutions and ultr!ivi()let radiation. 


Part II. Air Purification* 


Purification of air is one of the major 
functions of air conditioning. Just as air 
temperature may be controlled through the 
use of heating and cooling coils in the 
system, so the content of air as regards 
dust, fumes, pollens, otlors anti other con¬ 
taminants may be controlled through the 
use of the various air cleaning devices 
which are available. These devices are in¬ 
stalled in the duct system, preferably 
ahead of the coils or at the intakes of unit 
air conditioners. Sufficient area is provided 
to assure the air velocity at which the par¬ 
ticular device operates with the greatest 
efficiency. Provision is made for the re¬ 
moval of the filtering elements for cleaning 
or reactivation. In many installations, 
permanent gages are installed which indi¬ 
cate the resistance through the cleaning 
devdee. When the resistance reaches a pre¬ 
scribed point, the elements are taken out 
and cleaned or thrown away according to 
the type of equipment used. 

In practically all air conditioning sys¬ 
tems, a certain quantity of air is dis¬ 
charged from the system and replaced with 

* This portion of Chapter 35 was prepared by C- N. 
DeveraU. 


fresh air or new air. The balance of the air 
is recirculated through the conditioner, is 
rccooled, reheated, humidified or dtdiuinid- 
ified according to what function the con¬ 
ditioner may be perffjnning at tlie time. 

In some systems where the contamina¬ 
tion of air is very slight, the recirculated 
air is n[)t cleaned but is mixed with the 
fresh air which is subjected to a cleaning 
treatment before it enters the system. In 
other cases, where coiitiiinination is In^avy, 
both fresh and recirculated air are treated. 
Ill certain systems, even the air wasted 
must be cleaned before it may be dis- 
chargiMi to the atmosphere because it must 
always be remembered that what may be 
"waste air" to one system may become the 
"fresh air," in part or in whole, of a sys¬ 
tem installed next door. 

Fresh air, so-called, is air taken into the 
system from out-of-doors to make up for 
the ail discharged from the system. Its 
degree of freshness may vary widely. It 
may contain very little contamination or 
it may well be less "fresh" than the air in 
the conditioned area and so may require a 
great deal of cleaning or purification. Air 
recirculated in the conditioned space may 
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pick up anything from a little fine dust to 
heavy, airborne waste from machine 
processes, smoke, fumes, organic vapors 
and odors. The amount of purification re¬ 
quired in any given system must, therefore, 
be based on the job the system has to do, 
the conditions under which it must operate 
and the content of the air available for 
makeup. 

The selection of equipment for the sys¬ 
tem becomes the problem of the designing 
engineer, who must evaluate all of the 
points mentioned and decide what type of 
equipment or what combination of types 
of equipment will best suit his needs. An 
expensive system which might be perfectly 
justified in one case might be entirely out 
of line in another, from the standpoint of 
first cost, operation and maintenance. 

Equipment Types 

There are a number of methods available 
for the cleaning and purification of air. All 
of them have certain merits; most of them 
have certain deficiencies. Some of the 
methods will remove heavy particles but 
will pass the fine particles. Some will effi¬ 
ciently collect the fine particles but would 
soon become clogged if subjected to the 
heavy particles. Some will remove fumes, 
organic vapors or odors but would not be 
suitable for the removal of solids. Very 
frequently a combination of two or more of 
the above-mentioned types will be the 
answer. 

The various types of equipment avail¬ 
able will fall into the following general 
classifications; 

Centrifugal collectors 

Air washers 

Dry-type filters 

Viscous filters for manual operation 

Viscous filters for automatic operation 

Electrostatic precipitators 

Adsorption equipment 

The centrifugal collector will be effec¬ 
tive in the removal of the heavy, airborne 
contaminants found in industrial plants, 
such as waste from woodworking ma¬ 
chines, exhaust from standing, grinding 
and buffing operations, fly ash, etc., all of 
which have particles of considerable mag¬ 


nitude and specific weight. These heavy 
particles are "whirled out” of the air 
stream as it flows through a centrifugal 
collector operating on the centrifuge prin¬ 
ciple. After the air has passed through this 
device, it is either wasted to the atmos¬ 
phere or taken through a secondary proc¬ 
ess composed of equipment of a different 
type which will remove the finer particles, 
rendering the air fit for reuse. 

Air washers fall into two general types. 
One is the spray washer composed of a 
watertight casing, banks of spray nozzles 
which break the water up into very fine 
droplets and eliminators for the arresting 
of entrained moisture which would other¬ 
wise go through into the air stream. The 
other type is the surface or scrubber type 
which presents a very considerable surface 
of scrubber plates to the air stream, which 
surface is sprayed or washed down con¬ 
stantly with spray nozzles from above. Im¬ 
purities are removed in the spray unit 
through the action of the falling droplets 
from the sprays which contact the contam¬ 
inants and carry them down into the pan. 
In the scrubber unit, the air passing 
through the unit is impinged upon the 
wetted surface, the contaminants captured 
and carried down through the washing 
action of the sprays above. 

The air-cleaning function in air washers 
is usually combined with the treatment of 
air to control its temperature and moisture 
content. As a matter of fact, the cleaning 
action is rather secondary to these other 
two important functions. The control of 
the spray temperature permits delivery of 
air at a given dew point which, in turn, 
controls the moisture content of the air in 
the system. It does, however, do a pretty 
good job of cleaning where certain types of 
impurities are present. In the case of water- 
soluble, organic vapors a pretty fair job of 
cleaning can be done. 

The scrubber principle is used in certain 
types of waste-air systems, such as paint- 
spray booths, etc., where the air is drawn 
through vertical eliminators which are 
washed down with scrubber nozzles. In 
many localities, paint-spray waste would 
not be permitted to be discharged to the 
atmosphere without first going through 
Borne kind of a cleaning system. 
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Dry-type filters, so-called, are either of 
the throwaway type or the semi-permanent 
type. The throwaway type filter, as its 
name indicates, is made up of a number of 
elements which, after they have picked up 
their quota of airborne impurities, are dis¬ 
carded and replaced with new ones. They 
are usually made up of cardboard frames 
filled with filter media of paper, gauze, 
metallic or glass wool, animal hair, etc. 
They are necessarily made of such ma¬ 
terials that their cost will be low. The 
semi-permanent types are made up in the 
same general form but are provided with 
permanent metal frames and supports for 
the filter media. When they have per¬ 
formed their function, they are withdrawn 
from the frame; the filter media is removed, 
thrown away and replaced by the user. 
Witli this type of filter, the permanent sec¬ 
tions will be built of durable materials but 
the filter media must, of course, be of low 
cost. 

Viscous-type filters of the manually- 
operated type arc usually made up in much 
the same form as the dry-type filter as re¬ 
gards to size, etc. In this type of filter, 
however, the frame and filter media are of 
a permanent type and are considerably 
more expensive. The filter media is usually 
made of durable wools or fibres, screen 
wire, metal punchings, etc., contained in a 
metal frame and treated with a viscous oil 
which captures and holds the particles 
picked up through impingement in their 
passage through the filter. When the filter 
becomes loaded to the point where further 
resistance would unduly retard air flow, it 
is taken out of the bank and cleaned in an 
oil bath, allowed to drain and replaced in 
service. 

Both the dry-type and manually-oper¬ 
ated viscous filters are usually mounted in 
permanent slides placed in the intake air 
ducts. Access must be provided for the re¬ 
moval of the filter elements either by pull¬ 
ing them through slides in the wall of the 
ducts or by entering the duct through an 
access door and removing them from the 
face of the frame. 

Automatic viscous filters are usually 
made up of frames somewhat similar to 
those described for manually-operated 
viscous filters or of a series of perforated 


metal plates through which the air must 
pass. The frames or plates are mounted on 
an endle.ss chain and are driven in vertical 
motion through the air stream, then 
through a cleaning bath or trough in the 
bottom of the unit. The plates or frames 
pass through this cleaning bath, are 
cleansed of their impurities, recoated with 
the adhesive and drained before they re¬ 
enter the air stream. This type of filter is 
very efficient, is very widely used and is, of 
course, corrE\spoTidingly expensive from a 
first cost standpoint. Wliere a large amount 
of air is handled the year around, the 
comparatively low service cost of this type 
of filter should be consider£*d. 

The electrostatic precipitator operates 
on the principle that airljorne particles 
subjected Lo the inriuence of a high-tension 
electric field will become charged or 
ionized and will be precipitated when they 
contact an electrode of opposite polarity. 
The units are made up of a series of plates, 
coated with a viscous material which cap¬ 
tures and holds the precipitated particles. 

In one type of unit which is manually 
operated a periodic shutdown is necessary 
for the cleaning of the device. The plates 
are washed ilnwn with water sprays and 
then recoated with the viscous oil. In 
another type plates are mounted on an 
endless chain very similar to the arrange¬ 
ment described for the automatic viscous 
filter, and the plates are carried succes¬ 
sively through the air stream, then through 
a cleaning bath in which the dust par¬ 
ticles are removed and the surface re- 
coated for another trip through the air 
stream. 

The electrostatic precipitator has found 
wide use in the removal of heavier, air¬ 
borne particles such as fly ash, etc. It is 
frequently used in conjunction with dry or 
viscous filters as the first stage, taking out 
the heavier particles, after which the air 
passes through the dry or viscous filters 
for final cleaning. 

Adsorption equipment, as the name im¬ 
plies, is used for the adsorption of odors, 
organic gases and vapors. The air is usually 
taken through a first stage filter before 
passing on to this device. There are a 
number of adsorbents, of which activated 
charcoal or activated carbon is a good 
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example. This material has a very high 
adsorption value, as it will pick up 40% to 
50% of its own weight in many of the gases 
ordinarily found in the air we breathe. By 
properly proportioning the adsorptive 
area, the system may be made to operate 
for long periods of time without servicing. 
When they become saturated the filter 
beds are reactivated by the application of 
heat at about 1,000 F. 

Activated carbon is placed in perforated 
containers or canisters, so arranged that 
they may be placed in the air stream and 
easily removed for reactivation. The time 
cycle of reactivation will depend upon the 
retentivity of carbon for the particular 
gases or vapors picked up in this operation. 
This type of equipment has been found 
particularly desirable in the removal of 
odors in rooms used for public assembly, 
such as restaurants, theatres, meeting 
halls, etc. Much commendable Avork has 
been done in the design of the equipment 
for ready servicing. Application 13ata Sec¬ 
tion 42, published in the September, 1948, 
issue of Refrigerating Engineeringy covers 
this subject in detail. 

Design Data 

No attempt is made here to present de¬ 
sign data. The manufacturers of the vari¬ 
ous types of equipment have done a great 
deal of research, each on his own particular 
equipment. These manufacturers will be 
glad to supply very complete design data 
upon request and, as improvements are 
constantly being made in the equipment, 
it is well to keep in touch with these manu¬ 
facturers so that the very latest informa¬ 
tion may be available. 

A certain amount of similarity exists in 
the respective types and considerable 
physical standardization has been done in 
the way of element sizes and general in¬ 
stallation arrangements. Filters 16 in. X 20 
in., 20 in. X 20 in., 16 in. X 25 in. face area 
will be found in many of the manufacturers’ 
lines and, indeed, a great many of the 
filters are interchangeable with other 
makes of filters for a given frame arrange¬ 
ment. The thickness of these filter ele¬ 
ments varies from 1 in. to 4 in. or 5 in. Two 
1-in. elements are frequently used, the in¬ 
take element only being discarded at each 


cleaning. The second element, being fairly 
clean, is brought forward to take the place 
of the discarded section and a new one 
inserted back of it. 

Air Velocity 

Air velocities through air cleaning equip¬ 
ment will vary to a considerable degree. In 
centrifugal equipment, velocities will range 
from 50 to 2,000 fpm, according to the 
specific weight and nature of the particles 
handled. Air washer velocities will average 
around 500 fpm. Velocities through filters 
of the dry type seem to average around 
300 fpm, while in the vdscous filters they 
will vary from 300 to 500 fpm. Air resist¬ 
ance data are given in terms of clean 
filters and will vary in the different makes 
from .06 to .2 in. ITzO, the higher resistance 
as a rule existing in the filters in which 
higher air velocities are used. 

The manufacturer should be consulted 
as to the arrangement of the equipment 
and should be fully acquainted with the 
specified design data as to allowable air 
resistance, efin, etc. Local safety codes and 
underwriters^ requirements should be care¬ 
fully studied before the choice of any filter 
is made. Good practice would indicate 
filter media of a fire-resisting type and it 
will be found that many codes specifically 
require this feature. 

In general, the choice of the equipment 
either in individual types or in combina¬ 
tion should be made upon the basis of the 
work to be done, the efficiency desired and 
the conditions under which the equipment 
must operate. 
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36. FANS AND DUCTS 


I. Fans 

l^ANS are used in air conditioninR and 
^ ventilation applications to produce air 
flow at free delivery or through duct sys¬ 
tems. The type and style of fan to be used 
depends upon the noise limitations, volume 
of air required, and the static pressure of 
the given application. 

1. The usual classifications are the pro¬ 
peller type and centrifugal type. The pro¬ 
peller fan is used where air movement 
against small static pressures is required, 
and usually affords quieter operation at 
low pressures than the centrifugal fan. 
This is usually in cases where little or no 
ductwork is used. ''J'he centrifugal fan will 
operate efficiently against the 
higher static iiressurcs encoun¬ 
tered in duct systems, and with 
less noise than the propeller fan. 

Central plant air conditioning 
systems and ventilating systems 
using ducts for air distribution 
generally use centrifugal fans 
("blowers”) because the static 
pressures encountered are usually 
too high to be handled efficiently 
by a propeller fan. 

In the propeller fan, air is dis¬ 
charged in a direction parallel 
with the shaft. In the case of the 
centrifugal fan, the blades may 
be straight, as in a paddle wheel, nr curved 
forward or backward in the direction of air 
flow. Air is discharged from centrifugal 
fans in the plane of rotation. Many designs 
of both types are on the market. 

Centrifugal fans with forward curved 
blades differ in performance from those 
with backward curved blades. To yield a 
specified air output the former have to be 
run at slower speed, or they may be smaller 
in diameter. If similar fans are run at the 
same speed, the output of the one with 
forward curved blades will be considerably 
greater than that of the fan with backward 
curved bladea. 


There is also a difference in typical char¬ 
acteristic performance as is shown in Figs. 1, 
2 and 3. 

^Sometimes it is desirable to adopt suit¬ 
able fan speeds in relation to output, which 
may work out to better advantage with 
one style wheel than with the other. 

A third style of centrifugal fan utilizes 
wide radial blades. kSuch fans are often 
used in very large sizes. 

Total pressure of b fan is the difference 
between the total pressure head (sum of 
static and velocity pressure heads) of the 
air leaving, and the total pressure head of 
air entering tlie fan. Total pressure is thus 
a measure of the useful work done on the air. 


Static pressure is the pressure of air at 
rest, or it is the pressure exerted equally 
in all directions independently of any pres¬ 
sure exerted by the air because of its 
motion. 

Static pressure of a fan may be defined 
arbitrarily as the total pressure of the fan 
minus the velocity pressure corresponding 
to the air velocity at the fan outlet. This 
is most commonly accepted as a definition 
□f static pressure at the present time, but, 
though useful, it is not a true definition. 
Since it is an arbitrary statement, it may 
be subject to modification, and in working 
with fan data care should be exercised to 



Fig. 1. Typical CharacteristicB of Propeller Fans 
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ascertain the exact definition used in con¬ 
nection with such data. 

Air horsepower is a measure of the work 
required to move the actual volume of air 
against a pressure equal to the total fan 
pressure, thus: 

Air horsepower 

cfinX (total pressure in in. H 2 O) 

" 6,356 


StEmdard air is air weighing 0.075 lb per 
cu ft, which conesponrls to air having 
a barometric pressure of 29.021 in. Hg, 
a dry-bulb temperature of 6SF and 10% 
relative humidity. This definition is 
universally accepted and gives a standard 
basis for all air flow calculations. Laws 
which will be given later may be used for 
corrections when air deviates from stand¬ 
ard conditions. 



Fig. 2 (Left). ChB.TB.cter- 
Istic Curves for Forward 
Curved Centrifugal Fans 


Fig. 3 (Right). Character¬ 
istic Curves for Backward 
Curved Centrifugal Fans 



Total efficiency, also called mechanical 
efficiency, is the ratio of the power required 
to move the actual volume of air against 
the total pressure of the fan to the shaft 
power input (brake horsepower): 

Total efficiency 

cfmX(total pressure in in. H 2 O) 
6,356 X (hp input to shaft) 

Static efficiency is the ratio of the power 
required to move the actual volume of air 
against the static pressure of the fan to the 
shaft input: 

Static efficiency 

cfm X (static pressure in in. HaO) 

6 356 X (hp input to shaft) 


Brake horsepower is the input to the 
fan shaft, but does not always include 
bearing or belt losses. This point must be 
watched carefully when selecting the driv¬ 
ing motor. 

2. Fan characteristic curves, represent¬ 
ative of propeller fans in general, are 
shown in Fig. 1. The curves show that the 
capacity of the fan drops quickly with an 
increase of static pressure, and that the 
horsepower increases because of the re¬ 
duced efficiency with increased pressure. 
Hence, propeller fans are limited, for the 
most part, to the movement of relatively 
large volumes of air at comparatively low 
static pressures. 
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Characteristic curves for a forward 
curved centrifugal fan are shown in Tig. 2. 
This type of fan is widely used, has a large 
capacity for the space occupied, and is 
quiet in operation. The point of maximum 
efficiency is very close to the point of 
maximum static pressure. Forward curved 
fans should be operated close to this point. 
At lower pressures operation may be ac¬ 
companied with objectionable noise. Ife- 
yond the point of maximum efficiency (to 
the left of the j)eak of the curve of static 
efficiency), forward curved fans may be 
unstable in operation and subject to wide 
variations in air flow with comparatively 
small changes in static pressure. This may 
be accompanied by excessive noise caused 
by fluttering, or sudden changes in air 
flow. The pow’cr curve rises continuously 
from a minimum at shut-off to a maximum 
at free delivery, showing that from the 
standpoint of the fan alone the driving 
motor might be subject to overloading or 
underloading in case it were subject to 
fluctuating static pressure. 

h’ig. d shows characteristic curves for a 
backward curved centrifugal fan. Its usual 
high-speed operation often makes desirable 
direct-connected motor drive, even wdth 
large size fans, and its non-overloading 
power curve has advantages. The steep 
pressure curves to the right of the point of 
maximum efficiency give a relatively flat 
regulation curve, so that considerable 
changes in static pressure do not greatly 
affect the air flow. The inaxiinurn power 
requirement generally occurs at the point 
of maximum efficiency. If a motor is 
selected for this point, the possibility of 
its being overloaded is eliminated, even 
though the static pressure of the system is 
considerably smaller than expected. 

There are other variations in centrifugal 
fans between the full forward and full 
backward curve types, but they all have 
characteristics varying betw-ecn those of the 
above mentioned fans. 

3. The actual operation of a fan in a 
given system depends upon the fan char¬ 
acteristics and the system characteristics. 
Fig. 4 show^s how a given fan wdll operate 
with a typical duct system. The fan will 
always operate at the point of intersection 
of the system characteristic with the fan 


characteristic. When a different operating 
condition is required, it is necessary to 
change either the fan speed or the system 
characteristic. Referring to this figure, 
suppose a fan is operating at point C, the 
intersection of system II characteristic 
wuth the 2G5 rpin fan characteristic, 
where it is delivering 21,400 cfm. If it 
is desired to reduce the air flow to 10,000 
cfm it can be accomplished by changing 



Fig. 4. System Characteristic Curves and Fan 
Characteristic Curves for a Forward Curved Cen¬ 
trifugal Fan 


the fan speed to 235 rpin, in which case 
the point of operation will be point A. 
Another method is to throttle tlie duct 
system so that the point of oi)cration is I). 
When the desired result is produced by 
changing the fan speed, the operating 
point moves along the system character¬ 
istic and remains at the same high effi¬ 
ciency point on the fan characteristic. 
When the change is made by throttling, 
the operating point moves along the fan 
characteristic curve toward the unstable 
region, with increased static pressure and 
some decrease in required motor horse¬ 
power. However, this decrease in motor 
horsepow^er is less than if the change is 
effected by reducing the fan speed, be¬ 
cause the efficiency is decreased. 

Changes in Operating Characteristics 

4. The following principles may be used 
to determine the operating characteristics 
of fans, either centrifugal or propeller, 
when the conditions of operation change. 
These laws, although approximate, are 
sufficiently accurate for most practical 
purposes. 
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a. With a given fan in a given duct sys- 
tem and constant air density: 

1. The capacity varies directly as the 
fan speed. 

2. The pressure (either static or 
total) varies directly as the square 
of the fan speed. 

3. The fan horsepower varies directly 
as the cube of the fan speed. 

h. With a constant weight of air circu¬ 
lated by the fan: 

1. The speed, capacity, and pressure 
vary inversely as the density. 

2. The horsepower varies inversely 
as the square of the density. 

c. To maintain a constant pressure at 
the fan, the speed, capacity, and 
horsepower must vary inversely as 
the square root of the density. 

d. With speed constant and capacity 
constant, the pressure and horse¬ 
power vary directly as the density of 
the air. 

5. The first of the above rules is useful 
in determining the effect of a change of 
speed on the operating characteristics of a 
fan. The others are useful in selecting fans 
and determining their performance when 
the air density differs appreciably from 
standard because of change of temperature 
or elevation above sea level. The following 
examples are illustrative of their use. 

I. A certain fan is operating in a given 
system under the following conditions, 
with 68F air. 

Capacity =19,000 efin 
Static pressure—0.93 in. HjO 
Speed-235 rprn 
Bhp-4.9 


What will be the conditions of operation 
if the speed of the fan is increased to 265 
rpm without making any changes in the 
distribution system? From rule a: 


/265\ 

Capacity— 19,000 X( —- 1 — 21,400 cfm 
\236/ 

/265\* 

Static pressure—0.93 X (-) — l.lSin. HtO 

\235/ 

/265\" 

Horsepower—4.9X1) —7.0 
\235/ 


These laws may be applied to the cal¬ 
culation of new fan characteristic curves 


for different speeds, if the characteristic 
curve for one speed is known. In the case of 
Fig. 4, suppose that it is required to deter¬ 
mine the location of the static pressure 
curve for 265 rpm, when the 235 rpm 
curve is known. The expressions for finding 
the point D corresponding to the point B 
are as follows: 


/265\* 

Static pressure =0.96X( —— ) —1.22 
\235/ 

/265\ 

Cfm = 16,800X1- 1-19.000 

\235/ 

Therefore D is definitely located by the 
above values of static pressure and cfm. 
In like manner, other points may be 
located and the complete curve plotted. 

II. A certain fan application has the 
following requirements: 

Required cfm= 10,000 at 68F 
Static presBure=0.59 in. HzO 
Mean barometric pressure = 25.4 in. Hg. 
The problem is to select the fan and 
determine its speed and horsepower: 

a. The air density at 25.4 in. Hg 

= 0.075X = 0.06357 

\29.92 / 

b. Use rule b to work backward to de¬ 
termine the cfm and static pres¬ 
sure, with standard air, to be used in 
selecting the fan from standard rat¬ 
ing tables. 

1. The volume of standard air equiv¬ 
alent to the same mass of re¬ 
quired air is 

0.06357 

10,000 X-—-^8,500 cfm 

0.075 


2. The static pressure varies in¬ 
versely as the density. 


0.59 X 


0.06357 

0.075 


0.50 


c. The following data are obtained from 

a standard rating table: 
Capacity-8,500 cfm 
Static pres8ure=0.50 in. HzO 
Speed-207 rpm 
Brake horsepower-1.07 hp 

d. Use rule b to check the fan perform¬ 
ance with 68F air at a barometric 
pruBure of 25.4 in. Hg. 
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0.075 

Speed-207 = 244 rpm 

0.075 

Capacity8,5Q0X _ „ =10,000 cfm 

0.0G357 

0.075 

Stutic pressure =0.50X^-^^^py = 0.59 in. H 2 O 


Bhp = 1.07X 


/ 0.075 y 
U.06357 ) 


1.48 hp 


III. Take the case of a certain fan de¬ 
livering 3,000 cfm at 230 rpm, with 
4.6 hp, at an air temperature of 6SF 
(density =0.075) and a static pressure of 
1.00 in. HzO. Determine the speed, capac¬ 
ity, and horsepower requirements if the 
pressure is maintained constant and the 
air temperature rises to 220 F (density 
0.0584). From rule c: 


Speed=230^ =261 rpm 

y .0584 * 

Capacity =3,000 = 3400 cfm 

r .0584 


IV. An air conditioning system located 
in a city where the mean barometric pres¬ 
sure is 25.4 in. Hg (air density at 68F 
=•0.06357 lb per cu ft) requires that 
10,000 cfm of 68F air be circulated. 
The static pressure under actual operating 
conditions is calculated as 0.59 in. II 2 O. It 
is required to select a fan, determine its 
speed and horsepower. 

a. Use rule d to work backward to deter¬ 
mine the cfm and static pressure, 
with standard air, to be used in 
selecting the fan from standard rating 
tables. 

The capacity will remain constant 
at 10,000 cfm. 

The static pressure will vary di¬ 
rectly as the density. 


Stati c pressure with stan dard air = 
XO.59=0.695 


0.075 

0.06357 


b. The following data are obtained from 
a standard rating table. 

Capacity-10,000 cfm 


Static pressure-0.695 in. H|0 
Speed = 244 rpm 
Brake horsepower-1.74 hp 
c- This fan will have the folloAving char¬ 
acteristics, with 68 F air at 25.4 in. 
barometric pressure (by rule d): 

Speed = 244 rpm 
Capacity = 10,000 cfm 


/0.06357\ 

Statin pressure = .695 (- 1 —0.59 in. 11*0 

\ 0.075 / 

\ 0.075 / ^ 


Fan Selection 

6. In order to select the proper fan for 
a given installation it is necessary to know 
the following: 

a. Volume of air required per minute at 
a definite density 

b. Total resistance pressure of the sys¬ 
tem when the fan is delivering air of 
this same density 

c. Noise limitations 

d. Space available 

e. Type of load, variable or otherwise 

f. Type of motive power available 

Fan manufacturers simplify fan selec¬ 
tion by supplying tables or curves of fan 
characteristics, which usually give the 
following information for each size of fan: 

a. Volume of air handled 

b. Outlet velocity 

c. Fan speed in rpm 

d. Tip or peripheral speed of fan rotor 

e. Brake horsepower 

f. Static pressure 

This information is given for air under 
standard conditions, i.e., 6S F, 10% relative 
humidity (density =0.075 lb per cu ft). 

Fans should be operated as closely as 
possible to the point of maximum effi¬ 
ciency. This also usually corresponds to 
the point of quietest operation. 

Table 1 gives representative values of 
outlet velocities and tip speeds for forward 
and backward curved centrifugal fans. 
Tables of this sort are an aid in selecting 
fans which will operate near their points of 
maximum efficiency and with a reasonable 
degree of quietness. Although the numbers 
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Table 1. Air Velocities and Tip Speeds Used with Multiblade Fans 


Press 
(static) 
in. H^jO 

Forward curved fans 

Backward curved fans 

Outlet vel, 
fpm 

Tip speed, 
fpm 

Outlet vel, 
fpm 

Tip speed, 
fpm 

0.250 

1,000-1,100 

1,500-1,700 

1,000-1,100 

3,300-3,700 

0.375 

1,000-1,100 

1,700-1,900 

1,000-1,100 

3,700-4,100 

0.500 

1,000-1,200 

1,900-2,100 

1,100-1,300 

4,100-4,500 

0.625 

1,100-1,300 

2,100-2,400 

1,100-1,300 

4,500-4,700 

0.750 

1,200-1,400 

2,400-2,700 

1,100-1,300 

4,700-4,900 

0.875 

1,300-1,600 

2,700-2,900 

1,100-1,200 

4,700-4,900 

1.00 

1,400-1,800 

2,900-3,100 

1,000-1,100 

4,900 5,100 

1.25 

1,700-1,900 

3,100-3,400 

1,000-1,100 

5,000-5,200 

1.50 

1,800-2,100 

3,400 3,BOO 

1,000-1,100 

5,200-5,600 

1.75 

1,900-2,300 

3,800 4,200 

9D0 1,000 

5,600 6,000 

2.00 

2,200-2,600 

4,200-4,500 



2.25 

2,400-2,800 

4,500-4,700 



2.50 

2,600-3,000 

4,700-4,900 




here are repreaentative of the general run 
of fans of these types, values recommended 
by the manufacturer of the particular fan 
under consideration should be used. 

The following precautions should be ob¬ 
served when applying fans to air condition¬ 
ing systems. The fan should be selected to 
deliver the required cfm at a slightly 
greater static pressure than the calculated 
value of the system, in order to allow for 
small errors in calculation and to assure 



Fig. 5. standard Designation of Fans 


1. Counter-Clockwiae Top ITurizontiil. 2. ClockwiBB 
Top Horizontal. .1. Clockwiaa Unttoin Horizontiil. 4. 
CountBr-ClDckwiae Uolloin llurizoiiltil. 

5. Clockwise ITp niast. (1. CriuniBr-ClockwiBe Up 
niaBt. 7. Couiiter-Cliickwisii Down UIiibI. 8. ClockwiBB 
Down niaal. 

0. Countcr-ClockwiBB Top AnRulnr Down. 10. Clock¬ 
wiBB Top Angular Down. 11. Clorkwiae lloLtoiii Angular 
Up. 12. Countcr-ClockwiBB nottom Angular Up. 

13. Counter-ClockwiBB Top Angular Up. 14. ClockwiBB 
Top Angular Up. 15. ClockwiBB Dottom Angular Down. 10. 
Counter-CloakwiBB nottom Angular Down. 


the delivery of the required amount of air. 
Also, the motor should have a nameplate 
rating somewhat in excess of the brake 
horsepower as obtained from the fan 
catalog data, for the following reasons: 

a. To provide for losses in the bearings 
of the fan, and belt drives, when used. 

b. To yjrovide a margin for increasing 
the fan speed in case it is found, after 
installation, that the fan will not de¬ 
liver the required output. 

c. To provide a margin of reserve in the 
case of a forward curved fan to pre¬ 
vent overloading the motor in case 
anything happens to decrease the 
resistance pressure of the system, or 
in case the calculations were too high. 

Tlic mechanical arrangement of a fan is 
important, and is influenced by the space 
available and the arrangement of the S 3 ^s- 
tem. The National Association of ]'"aii 
Manufacturers^ has adopted a.method of 
designating fans as follows (Fig. 5): Facing 
the driving side of the fan, blower, or blast 
wheel, if the proper direction of rotation is 
counter-clockwise, the designation is 
counter-clockwise. (The driving side of a 
single inlet fan is considered to be the side 
opposite the inlet, regardless of the actual 
location of the drive.) This method of desig¬ 
nation applies to all centrifugal fans, single 
or double wddth, and single or double inlet. 

The discharge of a fan will be deter¬ 
mined by the direction of the line of air 
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Friction Loss in Inches of Water Per 100 Feet 

Fig. 6. FrictiDii Losses in Round Ductwork 

discharge and its relation to the fan shaft, charge is horizontal and above the shaft, 
as: C/p blast: If the line of discharge is 

Bottom horizontal: If the line of air dis- vertically upward, 
charge is horizontal and below the shaft. Down blast: If the line of discharge is 

Top horizontal: If the line of air dis- vertically downward. 
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In addition to the deaignationB as to dis¬ 
charge, fans are supplied with different 
arrangements, and single or double width, 
single or doublet inlet. A single inlet fan 
takes in air from only one side; a double 
inlet fan from both sides. Double inlet fans 
are usually approximately twice as wide 
as single inlet fans. 


II. Design of Duct Systems 

This section discusses the design of a 
duct system from the standpoint of deter¬ 
mining the correct sizes of ducts to carry 
the right amount of air to each supply 
opening or from each return opening, and 


of determining the pressure drop in the 
duct system. Hence, a considerable por¬ 
tion of this section is devoted to the pres¬ 
sure drops in various parts of a duct sys¬ 
tem. A knowledge of what causes pressure 
loss is of value not only in determining 
the total pressure drop of a given system, 
but also in avoiding arrangements which 
cause excessire pressure 
loss, and in balancing pres¬ 
sure losses in the various 
branches to proportion air 
flow properly. 

7. The pressure drop in 
a duct system is made up 
of two components: 

a. Frictional resistance 
between the air and 
the duct walls. 

b. Dynamic losses oc¬ 
curring at pipe en¬ 
trances, elbows, take¬ 
offs, grilles and other 
points where the ve¬ 
locity or direction of 
flt)W changes. 

Friction losses may be 
exj)ressed by the usual hy¬ 
draulic equation foi- fluid 
flow. For practical engi¬ 
neering purposes this has 
been converted to the form 
of Fig. 6. This chart gives 
friction loss in inches of 
water per 100 ft of straight 
duct having a circular 
cross section vs. cfni air 
velocity, and duct diam¬ 
eter. It is based on stand¬ 
ard air. 

As an example, it is de¬ 
sired to convey 2,000 cfm 
of standard air through a 
duct with a resistance not 
to exceed 0.06 in. per 100 
ft. From the chart it is 
found that a 20 in. round 
duct at 900 fpin may be used. 

Fig. 7 gives the sizes of rectangular and 
round ducts offering equal frictional re¬ 
sistance when the same amount of air 
flows through each. As an example, a 
22 in. round duct has e.ssentially the same 
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Fig. 7. Equivalent Diameters of Rectengular Ducts 
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frictional resistance as a 20X20 in. square 
duct of a 10X45 in. rectangular duct. 

It should be noted that for the same 
quantity of air the velocity in a rectangu¬ 
lar duct is somewhat lower than that in an 
equivalent round duct. 

The pressure loss through a given rec¬ 
tangular elbow varies according to its 
shape. 

8. Dynamic losses are usually expressed 
as a certain number of velocity heads. 
Velocity head is given by Equation (1) 



where 

I/, = velocity head, ft of air 
v = velocity, fps 

^=32.2 (acceleration of gravity) 

Pressures in air conditioning systems are 
commonly measured in in. 1120 , and 
velocities in fpm. Equation (1) thus be¬ 
comes; 

CF/60)* I2w 

2^ 62T4 



where 

/u= velocity head, in. lEO 

F= velocity, fpm 

1 /;= density of air, lb per cu ft 

For standard air this reduces to 

h,= ( 3 ) 

V4005/ 

9. Pressure losses in 90 deg elbows may 
be determined from Figs. 8 and 11. Figs. 8, 
9, and 10 give the per cent velocity head 
lost vs. the ratio of the radius of curvature 
of the center line of the elbow to the depth 
of the duet. The solid curves ai e for elbows 
followed by a section of straight pipe 
several diameters in length. The dotted 
curves are for elbows discharging directly. 

Pressure losses in round elbows arc given 
in Fig. 8. The solid curve is taken directly 
from Bussey^, while the dotted curve is 
calculated from the other by means of the 
data for pipe regain given by Wirt". 


Pressure losses in square elbows are 
given in Figs. D and 10. These are taken 
from Wirt", who has given most satis¬ 
factory compilation of data on losses in 
rectangular elbows. 



Fiti. Resistance of Round Elbows 



Fig. 9. Resistance of Square Elbows with 
Round Corners 

It will be noted that the pressure loss 
decreases as the radius ratio increases, but 
that a ratio in excess of 1.5 affords rela¬ 
tively little additional saving. It is also 
to be noted that an elbow distdiarging 
directly has a greater loss than one fol¬ 
lowed by a section of straight pipe. In the 
latter case there is a regain of static pres¬ 
sure in the pipe as the crowded portion of 
the air stream in the outer portion of the 
elbow diffuses in the pipe beyond the el¬ 
bow. The amount of the pipe regain varies 
from 30 to 40%. 

A comparison of Figs. 9 and 10 shows 
that a rectangular elbow with a square 
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outer corner is about 10% better than 
one with a rounded corner. Correction 
factors, by which to multiply the losses 
given in Figs. 0 and 10, when the duct is of 
rectangular cross section with various 
aspect ratios, are given in Fig. 11. Aspect 
ratio is the width of the elbow measured 
along the axis of the turn divided by the 



Fig. 10. Resistance of Square Elbows 
with Square Corners 



Fig. 11. Effect of Aspect Ratio on 
Resistance of Elbows 

depth of the elbow measured along the 
radius of the turn. Fig. 11 illustrates an 
elbow with an aspect ratio greater than 1. 
lb may be seen that the loss in a rectangu¬ 
lar elbow decreases as the aspect ratio in¬ 
creases. This is just opposite to the varia¬ 
tion ill frictional resistance of straight pipe, 
where the loss increases if one dimension is 
much greater than the other. 

From these curves it may be deduced 
that right angle elbows may be used, with 
a very low pressure loss, if fitted with 
properly designed turning vanes, which 
really break up the elbow into a number of 


parallel elbows with advantageous radius 
and aspect ratios. 

10. Pressure losses in changes of cross 
sectional area of the duct are given in 
Fig. 12. Ill Fig. 12 the change of section 
is abrupt. Curves A and /? both give the 
loss in terms of the velocity head in the 



Fig. 12. Effect of Changes of Section 


smaller pipe. In Fig. 13 the change of 
section is gradual. The angle of divergence 
factor is applied to the per cent velocity 
head given by curve A of Fig. 12. Fiir ex¬ 
ample, if the ratio Ai/Azis 0.5 (or V-i/Vx 
= 0.5) the per cent velocity head lost if the 
change of section is abrupt is 25. TTowever, 
if the change of section is gradual, with an 
angle of divergence, a, of the angle of 



Fig. 13. Angle of Divergence. Degrees 

divergence factor is 0.2. Hence the actual 
loss is 

/i/= 0.2X0.25 /i„ = 0.05 K 

A few sjiecial cases are given in Fig. 15. 
Fig. 15a is an elbow of less than 00“. Losses 
dc])ciid on the elbow angle, a. Multiply the 
losses for 90° elbows given in Figs. S, 9, 10 
and 11 by the elbow angle factor from Fig. 
14. 

Fig. 15b relates to the lost head when a 
duct discharges directly into a large space 
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and Fig. 15c to the loss when the opening 
from a large space to a duct is flush with 
the wall of the space. Fig. 15d refers to the 
case wdiere the duct projects somewhat 
into the space from which air is exhausted. 



2U 4D bB BQ 


ANGLE BETWEEN CENTER 
LINES OF ELBOW 

Fig. 14. Elbow Angle Factor 


11. The simplest way to keep losses due 
to duct turns in square elbows at a mini¬ 
mum is to use large radius ratios and large 
aspect ratios. In case space limitations 
make this impracticable duct turns with 
vanes will reduce excessive loss, see Fig. 
16. To determine the characteristics of 
vanes this formula may be used 



where 

D=dej)th of duct, in. 



Fig. 15. Special Cases of Pipe Ends 



Ii^= width of duct, in. 
iV= number of blades (using nearest 
whole number) 



I- ^9 - ^ 


Fig. Ifi. Use of Duct Vanes 


Again the axial widtli, Aiv, has tliia 
relation 

Aw = /)/(JV-hl) 

where 

p=1.14 Aw 
r= 1.2 lS Aw 

1 = 0.75 Aw (lip on blade) 
t= AiiJ/lG (thickness) 

Blades should be as thin as possible 
without endangering loss of their Bhaj)B. 



Fig. 17 


Calculation of Fan Pressure 

12. One of the objects of calculating the 
resistance of the duct system is to deter¬ 
mine the pressure against which the fan 
must deliver the required amount of air. 
Fig. 17 illustrates a fan exhausting air 
from and returning it to a room. The sym¬ 
bols used in Fig. 17 have the following 
significance: 


Fd” Discharge velocity at the fan 
Static pressure at fau discharge 
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Total TesiBtance of the supply sys¬ 
tem, including the duct and heat¬ 
ing and cooling surfaces (in blow- 
through systems) 

Discharge velocity of air from the 
supply grilles 

Static pressure in the room 
Total resistance of the return sys¬ 
tem, including the duct, filters and 
heating and cooling surfaces (in 
draw-through systems) 

V(=Air velocity approaching the fan 
inlet 

Static pressure at fan inlet 


Writing Dernoulli’s equation between 
points 1 and 2, 

y 1 y a 

——(4) 
2g 


and between points 3 and 4, 

Vi^ 

h„ — -~ — \-h,{-{-hfr (5) 

Adding Equations (4) and (5), and trans¬ 
posing. 




( 6 ) 


From the discussion on fans, it can be 
seen that the left side of the above equa¬ 
tion is the total pressure of the fan. Hence 

[f<-hf+^ (7) 

2|7 

where 

Total pressure of the fan 
/i/“Total resistance of supply and re¬ 
turn ducts, filters and heating and 
cooling elements 

Discharge velocity of air from the 
supply grilles 


In the foregoing it is stated that the 
most generally used expression of fan static 
pressure is: 

Vi* 

(B) 

2^ 

where 

H.-fan static pressure 


Substituting (8) and (7) 


H, 



TV 

2g 




The result of this analysis is that, strictly 
speaking, the fan should be selected to 
have a static pressure equal to the sum of 
all the frictional and dynamic losses of the 
supply and return system plus the velocity 
head corresponding to the supply grille 
discharge velocity, but that the system 
should be credited with the velocity head 
corresponding to the fan outlet velocity. 
However, it is common practice to reserve 
the fan outlet velocity pressure as a factor 
of safety. This seems to be reasonable, es¬ 
pecially since fan catalogs do not at pres¬ 
ent show the effect of the arrangement of 
the inlet connection to the fan on the fan 
pressure. It has been shown that this ar¬ 
rangement may have a very considerable 
influence on the fan pressure (4). Further¬ 
more, transitions are frequently used be¬ 
tween the fan outlet and the main trunk 
of the duct system which do not fully pre¬ 
serve the velocity pressure at the fan dis¬ 
charge. Therefore, it is common practice to 
select the fan on the basis of Equation (10). 
That is, the fan static pressure is calculated 
as that required to overcome the total 
resistance of the system plus the supply 
grille discharge velocity head. 

( 10 ) 


Design Procedure 

13. Any duct system consists of one or 
more trunks leading from or to a plenum 
chamber, fan or other common point. Re¬ 
gardless of which path the air follows, it 
finally issues from a grille into a room at 
atmospheric pressure. The pressure drop 
must, of necessity, be the same along each 
path, and hence the volumes of air flowing 
in each trunk or branch will automatically 
distribute themselves to fulfill this condi¬ 
tion. It is the object of the ideal design to 
have this automatic distribution in ac¬ 
cordance with the desired flow in each 
branch, and with all volume control damp¬ 
ers open. 

The following logical procedure may be 
followed in designing a duct system: 

a. Sketch a line diagram showing each 
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trunk and branch duct, and the location 
of each supply opening (make a separate 
similar sketch for the return-air system). 
Mark on the diagram the location of each 
elbow and change of section that will be re¬ 
quired. This sketch should be based on a 
careful consideration of the building con¬ 
struction and of the most satisfactory ar¬ 
rangement of supply and return openings 
from the standpoint of air distribution. 
Care must also be exercised to keep the 
system as simple as possible. 

b. Determine the air quantity from each 
supply opening on the basis of the heat 
loss or heat gain of the zones served 

by that opening. 

c. Mark on each supply and re¬ 

turn opening the air velocity to be I 
employed, after having determined ^ 
these from considerations of air dis¬ 
tribution. I 

d. Mark on each section of the 
system the amount of air flowing in 
that section. 

e. Determine the sizes of all 
main and branch ducts by first as¬ 
signing a tentative velocity for 
each section and then calculating 
the duct size from the air volume 
and velocity. Trunk velocities 
should be reduced as the distance from the 
fan increases, and short branches near the 
fan should have higher velocities than long 
branches far away. 

f. Calculate the pressure drop through 
several of the more important paths. If 
these differ from each other by more 
than approximately 20%, increase the 
velocities in the paths with the lower re¬ 
sistances or decrease the velocities in the 
paths with the higher resistances. Finally 
recalculate the pressure drops. 

g. Estimate whether all remaining paths 
have approximately, the same pressure 
drop. If in doubt, calculate the pressure 
drops. 

h. Repeat the above procedure for the 
return air system. 

i. The total duct resistance is the sum of 
the resistances of a supply and return 
system. 

Another method that is frequently em¬ 
ployed, after completing steps a to d 
above, is to determine the sizes of all main 


and branch ducts on the basis that the 
friction loss per foot will be the same in 
all ducts. Unless the system balance is to 
be entirely dependent on damper settings, 
this method offers the disadvantage that 
the resistances of the shorter branches are 
automatically lower than those of the 
longer branches. However, it may be used 
as a starting point for step e in the method 
outlined above, especially when the pres¬ 
sure available at the fan is specified. 

14. The following example, based on the 
simple duct system for a small cooling job 
in Fig. IB, illustrates the application of the 
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Fig. IB. Example of PresBure against Fan 


data and procedure described above. This 
example is based on the premise that the 
duct system must be designed to have a 
pressure drop not to exceed 0.30 in. II|0. 

The quantity and velocity of air dis¬ 
charged from each grille is determined to 
meet the requirements for cooling and air 
distribution. 

The pressure drops through grilles are 
determined from catalog data, and the dis¬ 
charge velocity head is calculated from 
Equation (3). The sum of these two may 
be termed the total discharge loss. These 
may be tabulated as follows: 

Grille No. 4 11 18 

Grille pressure drop 0.050 0.032 0.050 

Discharge velocity 

head 0.062 0.040 0.062 


Total discharge loss 0. 112 0.072 0.112 

As a first approximation, assume that 
one-third of the duct losses occur in the 
return system. This leaves 0.20 in. for the 
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Table 2. Duct Design Example 


Duct 

section 

Round 

diam, 

in. 

Rectangular 

dimensions, 

in. 

Velocity, 

fpm 

Friction 
per 100 ft, 
in. H 2 O 

Total 
friction, 
in. H 2 O 

Velocity 
head, 
in. H 2 O 

1 

15 

B X25 

1150 

O.IB 

0.018 

0.0S3 

3 

11 

B X13 

1110 

0.20 

0.020 

0.077 

6 

11 

B X13 

1110 

0.19 

0.019 

0.077 

B. 10 

9 

B X 9 

BOO 

0.15 

0.037 

0.040 

13. 15, 17 

12 

B X15 

4B0 

0.035 

0.019 

0.014 


supply sysicm, Fig. IK. Design the longast 
path (to grille No. IS) to have a pressure 
loss not to exceeil 0.20 in., aiirl then bahinec 
the other two paths for the same loss. The 
total diseharge loss is 0.112, leaving O.OSS 
in. for friction, elbows, etc. Assume that 
one-third of this is dynamic loss. This leaves 
0.058 in. for friction ah)ne. Tlie total length 
of the run is 75 ft. Hence the allowable fric¬ 
tion loss is 0.077 in. per 100 ft if all sections 
were to have equal friction per ft. However, 
in order to help balance the pressure drops 
in the paths to grilles 4 and 11 it is advisa¬ 
ble to increase the velocities slightly in sec¬ 
tions 1 and 6, and to decrease the velocity 
in section 13. Assume that the losses in 
sections 1, (i and 13, 15, 17 are each one- 
tiiird of the allowable 0.058. Determine the 
allowable friction loss per 100 ft and from 
Fig. 0 select the correct size of round duct. 


Section No. 

1 

6’ 

13 

Allowable friction 

0.019 

0.019 

0.019 

Allowable friction 

per 100 ft 

0.19 

0.19 

0.035 

CTm 

1600 

800 

400 

Hound duct dianie- 

ter, in. 

15 

11 

12 

Actual friction per 

100 ft 

0.18 

0.19 

0.035 

Velocity in round 

duct, fpm 

1300 

1210 

510 

Table 3 




Section 

No. 

Dynamic loss, 
in. H 2 O 

Nature of loss 

2 

0.021 

Elbow 

5 

0 

Velocity reduction 

7 

0.013 

Elbow 

9 

0.010 

Elbow 

12 

0.013 

Velocity reduction 

14 

0.004 

Elbow 

16 

0.004 

Elbow 


Section 3 must have a friction equal to 
twice that of section 1, or about 0.36 
in. per 100 ft. However, in Fig. 6 it is 
found that this corresponds to a velocity 
of 1,400 fprn. This would introduce a 
considerable dynamic loss in section 2. 
Hence, compromise with an 11-in. round 
duct, having a velocity of 1,200 fpm and a 
friction loss of 0.20 in. per 100 ft. 

The allowable loss for seetions S and 10 
is 0.019 plus the difference between the dis¬ 
charge losses at 18 and 11, making a total 
of 0.059, or 0.24 in. per 100 ft. Use a 9-in. 
round duct, having a velocity of 910 
fpm and a loss of 0.15 in. per 100 ft. 

Note that in the above preliminary lay¬ 
out it is not necessary to go to the ex¬ 
treme of using fractional diameters in the 
round duct sizes. 

Now select from Fig. 7 the dimensiuns 
of rectangular ducts corresponding to the 
round sizes calculated above. Calculate the 
velocity and velocity head in each duct 
section. It is assumed here that a duct hav¬ 
ing a depth of 8 ip. is convenient. See 
Table 2. 

Dynamic losses will now be calculated 
at the various sections. All elbows will be 
assumed to have a radius ratio of 1.5. 
From Fig. 9, the per cent of velocity head 
lost in a square elbow is 26. 

The take-off at section 2 is considered 
an elbow with aspect ratio 8/13 = 0.62. 
From Fig. 11 the aspect ratio factor is 1.2. 
Hence the loss at 2 is 

1.2X0.26X0.066=0.021 in. 

At section 5 there is no change in ve¬ 
locity so that the entry loss is negligible. 

In the take-off at 7 there are losses from 
the elbow effect and from the velocity de¬ 
crease. However, the hitter is small (ve¬ 
locity ratio = 0.72). The aspect ratio of 
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Table 4. Summary of Example 


Grille No. 4 

Grille No. 11 

_ . 

Grille No. 18 

Duct 

sec¬ 

tion 

Fric¬ 

tion 

Duct 

sec¬ 

tion 

Fric¬ 

tion 

Duct 

section 

Fric¬ 

tion 

1 

o.Dia 

1 

O.OIB 

1 

0.018 

2 

0.026 

5 

0 

5 

0 

3 

0.020 

6 

D.019 

6 

0.020 

4 

0.112 

7 

0.020 

12 

0.022 



8, 10 

0.040 

13, IS, 17 

0.014 



9 

D.DIO 

14 

0.0D3 



11 

0.072 

16 

0.003 





18 

0.112 

Total 

0.176 


0.179 


0.191 


manner. These are summarized as in 
Table 3. The total pressure drop in each 
path may now be calculated as shown in 

Table 4. 

Of course these calculations are not per- 
fectl}^ accurate. Adjustable splitter damp¬ 
ers may be installed at sections 2 and 7. 
If this is not convenient, volume dampers 
may be installed in each branch. 
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Table 5. Typical Single Inlet Centrifugal Blower Wheeis (Torrington) 


Dimensions 

No. of 
Blades 

Sp 

Cfm 

Hp 

Sp 

Cfm 

Hp 

Diam 

Width 





1,725 rpm 


3,450 rpm 


4| 

21 

30 

0 

220 

0.035 

0 

440 

0.28 




0.2 

190 

D.03D 

0.8 

380 

0.24 




0.4 

150 

0.025 

1.6 

300 

0.20 





1,140 rpm 


1,725 rpm 


51 

3 A 

32 

0 

230 

0.021 

0 

350 

0.075 




0.1 

195 

0.018 

0.3 

280 

0.056 




0.2 

155 

0.015 

0.6 

156 

0.030 

6A 

31 

32 

0 

360 

0.050 

0 

550 

0.167 




0.2 

285 

0.042 

0.5 

430 

0.130 




0.4 

180 

0.037 

1.0 

220 

0.075 


411 

36 

0 

750 

0.160 

0 

1,160 

0.62 




0.2 

670 

0.140 

0.5 

990 

0.52 




0.4 

560 

0.120 

1.0 

840 

0.44 

m 

5A 

36 

0 

1,160 

0.35 

0 

1,750 

1.20 




0.3 

1,050 

0.30 

1.0 

1,490 

1.00 




0.6 

900 

0.26 

2.0 

1,060 

0.65 





860 rpm 



1,140 rpm 


11 

51 

42 

0 

1,225 

0.033 

0 

1,620 

0.075 




0.2 

1,140 

0.029 

0.6 

1,420 

0.06 




0.4 

1,030 

0.026 

1.2 

1,060 

0.043 


this elbow is 0.80, anrl from Fig. 11 the 
aspect ratio factor may be taken as 1.0. 
Assume the loss in this elbow to be 26% 
of the velocity head in section 6. 

The dynamic losses at sections 9, 12, 14 
and 16 may be calculated in a similar 
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A IR conditioning is defiiicd ii.s tliesiniul- 
tancous control of temperature, hu¬ 
midity, air motion and air purity in any 
given space. This definition give.s rise to 
the terms ‘'winter air conditioning,” ''sum¬ 
mer air conditioning,” “complete air con¬ 
ditioning,” when considering air condition¬ 
ing for comfort. Industrial air conditioning 
is not considered in this chapter. 

Winter air conditioning includes heating, 
humidification, air distribution and air 
cleaning, when outside temperatures are 
below the inside or room temperature. It is 
the well known science of heating and 
ventilating, involving the calculation of 
heat loss from conduction through building 
construction, heating requirements for 
ventilating air, and heating requirements 
for humidification. 

Summer air conditioning includes cool¬ 
ing, dehumidifying, air distribution and air 
cleaning, when outside temperatures are 
above the inside or room temperature. It 
involves the calculation of heat gain from 
conduction through building construction, 
direct .sunlight heat gain through glass and 
indirect sunlight heat gain througli opaque 
building construction, heat gain from lights 
and motors (including fan motor) within 
the conditioned space; as well as heat and 
moisture gain from people, from outside air 
required for ventilation, and from appli¬ 
ances and other heat and moisture gener¬ 
ating equipment within the conditioned 
space. 

Complete air conditioning includes both 
heating and cooling, and both humidifying 
and dehumidifying, together with air di.s- 
tribution and air cleaning. It therefore in¬ 
volves all the calculations for both winter 
and summer air conditioning. 

Design Conditions 

1. The first step in the approach of an air 
conditioning problem is to determine the 
proper design conditions. Outside condi¬ 
tions are based on U.S. Weather Bureau 
statistics, and inside conditions upon the 


type and duration of occupancy, and also 
upon the outside temperature. 

Inside conditions for cooling. The de¬ 
termining factor for inside design condi¬ 
tions is comfort measured by the chart 
shown in Fig. 1 in terms of effective tem¬ 
perature, wdiich is an index of conditions 
producing the same degree of comfort (sec 
Chap. 35). De.sign conditions have also 
been lecomniended for various cities in the 
United States as in Table 2, Chap. 11. In¬ 
side conditions arc given in terms of effec¬ 
tive temperature, separately for occupan¬ 
cies unde! 40 minutes and for occupancies 
over 40 minutes. Inside temperature and 
humidity conditions corresponding to the 
recommended effective temj)crature can be 
determined by reference to Fig. 1. For in- 
.side conditions for cities not listed in 
Table 2, Chap. 11, reference should he 
made to the comfort chart of Fig. 1. An 
effective temperature condition within the 
comfort zone should be chosen for cooling 
such that the differential between the in¬ 
side and outside dry bulb temperature is as 
low as practicable. Temperature differen¬ 
tials of from 10 to 20 deg are most desira¬ 
ble, and differentials of 25 to 30 deg should 
be avoided if possible. However, inside 
conditions higher than SO to S2 F dry bulb 
are seldom very comfortable in practice, as 
the very low humidities required for com¬ 
fort at high dry bulb temperatures are 
difficult to maintain. Therefore, in very 
warm climates, a differential of 25 to 30 
deg may be necessary at extreme outside 
conditions. Normally, humidities are kept 
within the range of 35 to 05%. 

Inside conditions for heating. For heat¬ 
ing, the recommended practice for inside 
design conditions for human comfort are 
70 F dry bulb temperature and 35% rela¬ 
tive humidity with 30 F outside tempera¬ 
ture. In w armer climates where the outside 
temperature seldom gets down to freezing, 
it is often desirable to maintain inside 
temperatures from 72 to 75 F. 

Outside conditions, The tables of Chap- 
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ter 11 Kive reeomrnonded outside design 
conditions for br»th heiiting and cooling 
seasons. For cities in)t listed in this table, 
reference can be made to local Weather 
Bureau reports for maximum and average 
maximum conditions of dry bulb and wet 
bulb teini)eratures for the warmest month 
for cooling/ and to the minimum and 
average minimum dry bulb tem[)cratures 
for the coldest month for heating.^ The out¬ 
side design conditions should be some¬ 
where between the maximum and average 
maximum for cooling, and between the 



RELATIVE HUMIDITY-PERCENT 

Fig. 1. Summer Cumfgrt Zone Section of Comfort Chertfor Air Motion 
15-25 fpm Using Basic Effective Temperature 


minimum and average minimum for heat¬ 
ing. It is seldom good engineering to design 
for the extreme maximum or absolute mini¬ 
mum outsiile conditions. 

Often wet hulb temperatures are not ob¬ 
tainable from Weather Ilureau ilata, but 
relative humidities are usually given. Wet 
bull) temperatures may lie obtained by 
taking simultaneous conditions of dry bulb 
and relative humiility and referring to the 
psychrometric chart as in Fig. 2. 

In the absence of more specific data for a 
required locality not listed in tables of 
Chap. 11, compare its Weather Bureau sta¬ 
tistics with similar statistics for listed 
cities to determine which is nearest cli¬ 


matically. Then the design conditions 
(both inside and outside) may be selected 
from this table for a city having a similar 
climate to the required locality. However, 
the comparison may require using one 
city’s heating design conditions and an¬ 
other’s cooling design conditions to ap¬ 
proximate closely the climate of tlie re¬ 
quired locality. 

Sensible Heat Load 

2. After selection of the proper tlesign 
conditions, the first step in the air conili- 
tioiiing calculations is 
to determine*, the sensi¬ 
ble head loail. Heat 
leakage calculations^ 
for summer air condi¬ 
tioning are simihir to 
heat loss ealculations 
for heating except that 
tlie flow of heat is re- 
ver.serl. In the heat gain 
calculations, the phe¬ 
nomenon of radiant 
heat gain from tlie sun 
])lM,y,s a inominimt part. 
Fu rth erm ore, heavy 

buil fling constru cti on, 
parti cul ally m as onry 

walls, lias a considera¬ 
ble beat fibs orbing ca¬ 
pacity which interposes 
a lag in the heat flow 
which often must be 
considered for reasnna- 
hartfor Air MdUdii Idy accurate results in 
heat gain calculations. 

It is often desirable 
in air conditioning computations to esti¬ 
mate the temperature in attic spaces be¬ 
tween tlie roof and the furred ceiling below. 
This can readily be done as the heat trans¬ 
fer from the outside to the attic space must 
equal the heat transfer from the attic to 
the conditioned space below. The fallowing 
formula may be used, solving for A’', the 
attic temperature: 

SU{T-X)=su{X-i) 

Where 

S =roof area in sq ft 
s = ceiling area in sq ft 
U =roof transmission factor, Btu per sq 
ft hr F 
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Table 1. Direct Sunlight Gain on Glass*’‘ 

(Btu per hr sq ft net glass urea)* 


Latitude 


20“ 



30“ 



40° 


July 

Aug. 

Sept. 

July 

Aug. 

Sept. 

July 

Aug. 

Sept. 

Northeast 

14B 

126 

1^1 

144 

118 

94 

138 

109 

58 

East 

178 

181 

179 

179 

181 

174 

179 

178 

165 

Southeast 

86 

120 

149 

104 

137 

165 

132 

157 

176 

South 

— 

14 

60 

19 

58 

107 

65 

104 

148 

Southwest 

86 

120 

149 

104 

137 

165 

132 

157 

176 

West 

17b 

181 

179 

179 

IBI 

174 

179 

178 

165 

Northwest 

14B 

126 

91 

144 

US 

94 

13B 

109 

58 

Flat skylight 

263 

258 

242 

256 

244 

218 

242 

220 

185 


♦ ValuoB Kivuii rcprnHont the maximum fur eiich expOBuro. 

For liiEht-colured BhadcB or iiiBide vciiobiaii blindB, use tiO % of uiiHliaded viiluen if nhiiile ia iiL leaat 3 drawn. For outaide 
veiiLdatFul iiwiiiriKH iliid vtuiLdiaii IdiiidH iirraneed to cut olT all direct Bunlight uhi 1.*) lUii per sii ft per hr for all oxpOHurM 
iiiBtead of values in table; for ordiiuiry awiiiiiRH not ventilated, uhc 25 lltu per bi] fl. per hr. When usiiiK Haab area nor¬ 
mally liQvinK about B5 % glasB area, multiply above valuca by 0.85. Use other approp iate curriu-tioii for dilTereiit per¬ 
centage of ghlHB. 


u = ceiling transmission factor, Btu per 
sq ft hr r 

T = outside roof temperature, F 
t=inside conditioned space tempera¬ 
ture, F 

A" = attic temperature, F 

To consider carefully all of the complexi¬ 
ties of variable heat flow through building 
construetion would make the calculations 
unduly long and tedious. It is, therefore, 
common practice in commercial work to 
make a number of ajjproxiniations which 
simj)Iify the problem and in the total give 
reasonably accurate results. For shaded 
outside walls or roofs, the full temperature 
difference between the inside and the out¬ 
side design conditions is used in the heat 
gain calculations, except in the case of ex¬ 
tremely heaA^y masonry walls in climates 
where the niglits are considerably cooler 
than the days. 

Sun effect. I'Dr sunlit walls it is safe to 
use an equivalent outside temperature of 
120 F in the United States, and for sunlit 
roofs an equivalent outside tempBrature 
of 140 F. For sunlit glass^ ^ add radiant 
heat gain in accordance with values given 
in Table 1. This radiant heat gain on sunlit 
glass is in addition to the transmission gain 
through the glass figured in the usual man¬ 
ner from the transmission factor, glass 
area, and the temperature differential. 
When calculating total cooling load, radi¬ 
ant heat gain from the sun need only be 


figured oi; the roof and on the exposure 
haAung the greatest railiant heat loath 

Wlnm roofs or walls are painted with 
ahjiniimm or have higlily reflective, light- 
colored surfaces, the radiant heat gain 
through such walls or roofs may be reduced 
50%. In otlier wonls, the surface tempera¬ 
ture for roofs may be reiliicetl to 120 F anti 
walls to no F, when using an outside de¬ 
sign condition of 100 F. 

Heat lag. The matter of lag through 
heavy building constructinn is much 
harder to account for in the heat gain cal¬ 
culations. In many cases, the peak of wall 
transmission may not coinciile with peak 
load for the cooling system due to tliis time 
lag in the triinsmission of lioat. Ordinary 
frame construction such as used in residen¬ 
tial work has but little capacity effect and 
full temperature differences should be used. 
Masonry wall time lag varies from 3 hr on 
a 0-in. concrete wall to 10 hr on a 22-in. 
thick, solid brick and tile, composition 
wall. Thus the heat from the sun effect on 
an cast exposure may just be getting 
through the wall when the sun has moved 
arounfl and is starting to shine on the west 
exposure. 

The effect of this lag is usually averaged 
by figuring sun effect only on one exposure, 
the one having the greatest area, and the 
roof. For example, if the south wall has the 
grcate.st sunlit area of glass and wall sur¬ 
face, the sun effect should be figured on the 
south exposure and not on the east and 
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west. When extremely heavy masonry 
west walls are encountered, the radiant 
heat may not get through these walls until 
after the building occupants go home for 
the evening. In such cases, no radiant heat 
gain need be figured for the west wall, but 
should be figured for either east or south 
exposures, if they are sunlit. 


per hr. Part of this is sensible heat, and the 
remainder is latent heat which adds mois¬ 
ture or humidity to the air. The total heat 
from people increases enormously as their 
activity increases, this increase being 
largely due to the greatly increased latent 
heat produced. Fig. 3 gives both sensible 
and latent heat quantities produced by 



Fig. 2. Psychrometric Chart (See Example II) 


Internal heat. In addition to the trans- 
misHion and radiant heat gain through 
walls, floors, ceilings and glass areas, there 
must be added to the sensible heat load, 
the heat gain from any objects in the con¬ 
ditioned space that give off heat,® and the 
heat gain from the outside air required for 
ventilation or to offset infiltration. Under 
this lieading come people, lights, motors 
(iiicluiling heat equivalent of brake horse¬ 
power of fan motor used for air circula¬ 
tion), and any heat evolved in process¬ 
ing. 

People. The total heat evolved by people 
at rest amounts to approximately 400 Btu 


people at rest, and at various conditions of 
activity, for different room temperatures. 

Food. For restaurants an allowance of 
about 30 Btu per person should be added, 
to account for the sensible heat gain from 
the food. However, where the heat generat¬ 
ing equipment such as steam tables, coffee 
urns, etc., is in the conditioned room and 
is accounted for in the heat gain calcula¬ 
tions (as in the case of a cafeteria), this al¬ 
lowance of 30 Btu per person is not in¬ 
cluded in addition. 

Electricity. The heat generated by 
lights, motors, and electrical equipment 
within the conditioned spaces must be in- 
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eluded in the sensible heat load. Lighting 
or electrical equipment load in watts mul¬ 
tiplied by the factor 3.4 will give the heat 
equivalent in Btu per hr. Often the electri¬ 
cal equipment will not be operating con¬ 
tinuously and the proper time factor 
should be applied in such cases. Table 2 
gives approximate values for heat gain 
from motors located within the condition¬ 
ed space. Usually motors are not fully 
loaded besides not operating continu¬ 
ously. Therefore, the proper load and 
operating-time factors should be applied to 
reduce the heat gain accordingly. An aver¬ 
age overall factor for a considerable num¬ 
ber of motors operating in the conditioned 
spaces is 50%. 


Table 2. Heat Gain from Motors 


Nameplate 

rating, 

hp 

Heat gain in Btu per hr p r hp 

Connected Connected 

load in load outside 

same room of room 

itoj 

4,250 

1,700 

^to3 

3,700 

1,150 

3 to 20 

2,950 

400 


The heat gain from the fan motor used 
to circulate the conditioned air mu.st also 
1)6 included in the sensible heat calcula¬ 
tions. Only the heat equivalent of the fan 
brake horsepower need be added since the 
motor heat losses Avill not be absorbed in 
the air stream. It is common practice, 
however, to use the nameplate horsepower 
(rather than the actual brake horsepower) 
for an additional factor of safety, multiply¬ 
ing the horsepower by 2,545 to obtain the 
heat equivalent in Btu per hr. 

Outside air. To the sensible heat gains, 
calculated as explained above, must be 
added the sensible heat gain from infiltra¬ 
tion and from outside air introduced, to ob¬ 
tain the total sensible heat gain. Infdtra- 
tioii may be figured by the Ajiplication 
I'/ngineeriiig Standards for Air (hmdition- 
ing for Comfort of the ACUMA.** The 
latter gives factors for infiltration through 
swinging and revolving doors, for infiltra¬ 
tion through cracks around windows and 
doors, and for ventilation standards (out¬ 
side air requirements) for various applica¬ 
tions. 

However, for simplicity, an arbitrary 


method of offsetting infiltration when cool- 
ing, by tiguring a minimum of a one hour 
air change of outside air in the conditioner! 
space, will give reasonable approximate 
results. Thus, when the outside air intro¬ 
duced is greater than the equivalent of a, 
one-hour air change, no infiltration need be 
figured. If the actual outside air require¬ 
ment is less than a one-hour air cliange, an 
additional amount should be added lor in¬ 
filtration so that the trjtal will be equiva¬ 
lent to a one-hour air cliange. This mini¬ 
mum outside air quantity i.s in addition to 
any exhaust that Ui.-iy be taken from the 
eonditioiied space. 

Table 3. Heat Gain from Restaurant 
Equipment 



Sensible 

Latent 


heat in 

heat in 


Btu per 

Btu per 


hr 

hr 

Coffee urns (steam) per gal 



capacity 

BOO 

BOO 

Coffee urns (electric) per gal 



capacity 

700 

500 

Coffee urns (gas burning) 



per gal capacity 

BOO 

800 

Steam tables (per sq ft top 



surface) 

400 

BOO 

Steam tables (electric) per 



sq ft top surface 

200 

350 

Steam tables (gas burning) 



per sq ft top surface 

B50 

430 

Gas toasters (64D slice.s per 



hr) 

12,000 

5,000 

Gas toasters (360 slices per 



hr) 

7,700 

3,300 

Gas toasters (small size) 

5,750 

B30 


W'hiin lujuiiJiniMit in IjriDilnd wiLli pnHilivi; uxhuiipt 
itbuvu vuluufn iiiuy bi; .^lU %. 

Latent Heat Load 

3. The secoiiil step in tlic cooling load 
calculations is to determine the latent 
heat load. This load eomes from the mois¬ 
ture pickup or hiimidil/y rise in the con¬ 
ditioned space, and from the excess 
moisture in the outside air if the outside 
dew jioiiit is higher than the inside design 
dew point. The moisture pickup in the 
conditioned space comes from people and 
an}^ .special proce.s.scs that give off mois¬ 
ture. « Fig. 3 gives the latent heat quantity 
produced by people at rest and at various 
conditions of activity. 

In dealing with cafeterias and restau- 
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SENSIBLE HEAT PER PERSON - BTU /HR 



rants we have many sources of moisture 
load to consider. Table 3 gives both sensi- 
l)lc and latent heat loads for coflfee urns, 
steam tables, and other restaurant equijj- 
nient. If surdi equipment is adequatcdy 
hooded with a positive exhaust, both the 
sensible and latent heat loads may be re¬ 
duced 50%. If the steam tables, coffee 
urns, etc., are in the conditioned space, no 
additional load is ordinarily figured for the 
food. Otherwise a factor of 30 Btu per 
person should be added to account for the 
latent heat from the food. 

The heat equivalent of moisture re¬ 
moved is 1,0G0 lUu per lb and there are 
7,000 grains of moisture per lb. Thus to 
change grains of moisture removed to 
latent heat load in Btu divide by 7,000 and 
multiply by 1,060. 

Air Quantities 

4. Outside air. The outside air quantity 
must be determined before the total sensi¬ 
ble and total latent heat loads can be cal¬ 
culated. As previously explained, the mini¬ 


mum outside air quantity for use in de¬ 
termining heat loads is equivalent to a one 
hour change of air in thi^ conditioned space. 
For ventilation requirements^ it is good 
practice to figure 10 cfm of outside air per 
person —25 to 40 cfpi if they are smokers. 
In crowded places such as theaters, where 
the concentration of people is very great, 
an absolute minimum of 5 to 7J cfm of out- 
si ilc air is often figured for peak load con¬ 
ditions. 

Supply air. The total air quantity circu¬ 
lated is a function of the internal sensible 
heat load and the temperature difference 
between the supply air and the conditioned 
room. The supply air temperature for cool¬ 
ing usually varies from 10 to 30 F below 
the room temperature. With the advance 
in air distributing methods, and in grille 
and diffuser design, temperature differ¬ 
ences of 20 to 30 F are being increasingly 
used without causing uncomfortable 
drafts. 

The immediate method of calculating 
the supply air quantity is to divide the 
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total internal sensible heat load (outside air 
and fan motor loads not included) by the 
heat taken up per pound of air circulated. 
Thus, the sensible load in Btu per min, di¬ 
vided by the temperature difference (be¬ 
tween the supply air and the mom) and the 
specific heat of air (0.24), will give the 
pounds of air circulated per minute. Multi¬ 
plying this value by the specific volume 
will give cubic feet of air per minute. 

Return air. The return air quiintitj' is, of 
course, merely the difference between the 

t^D-70-6D 

OUTSIDE 

I 

,///✓, 


27 IDD y 

CFN/I-. B0-6B-58 ^ 


Fig. 4. Surface Cooling Cycle, Showing Dry Bulb, Wet 
Bulb and Dew Point Temperatures at Various Points 
(Example II) 

supply and the outside air quantities. 
Many engineers prefer to usi! ptninds of air 
per minute in all the calculations, rather 
than cubic feet per minute, to avoid con¬ 
fusion due to the different specific volumes 
at various points in the air cycle. If the 
calculations are carried through using 
cubic feet per minute it simplifies the com¬ 
putations, and it is common practice to 
figure all air quantities in cubic feet per 
minute based on the specific volume at 
room conditions. 

Load Calculations 

5. The most important step in the re¬ 
frigeration load calculations is the prepa¬ 
ration of the '‘Btu sheet,” the heat load 
estimate. Example I is a typical calculation 


sheet for a medium size department store. 
At the top, the various air propi^rtie.s cor¬ 
responding to the out.side and inside design 
conditions shouhl first be set down. The 
outside dry and wet bulb de.sign conditions 
are obtaioeil from T;iblc 2, CMiap. 11, 
or other weatlier rlata availalile as pre¬ 
viously descrihed. The inside design con¬ 
ditions are dctennineil by refercmi* to 
Figs. 1 and 2, and by considering the phe¬ 
nomenon of effective temperature. The 
various otliEU' air proiierties neei'ssiiry for 
the air conditioning calculations 
can then be determined friiin the 
])sychroinetric cinirt, .‘ind tables of 
nir properties (see Clnijders 4 Jinil 
10 ). 

In Example 1 heat lag is ae- 
CL-a:iied for by figuring all ex|)osure,s 
shaded exeejiting thi‘ roof and the 
south w:ill. On shaded exjiosures 
the full temperature difference is 
used in the calcuhitions although 
adflitiomil lag may be present. No 
adilitioual factor of safety need la* 
aflded, wlien cjilculating in this man¬ 
ner, except ill unusual cases as the 
factors used are sufliciently safe to 
cover reasonable duct ami iijipa- 
ratus losses. 

The "dry tons” (sen.sible load) 
and "moisture tons” (latent load) 
should be calculateil separately, as 
indicated in Example I. Having 
calculateal these quantities, the next 
step is to determine the sen.sible- 
total heat ratio Hh/Iii, which is merely the 
total dry tons divided by the total re¬ 
frigeration load (the sum of the diy tons 
and the moisture tons.) 

Equipment Selection^ 

6. Surface cooling.^ Before the cooling 
equipment is selected to meet the ealcu- 
lated load requirements, the supply air, 
outside air and return air quantities must 
be decided upon in accordance with meth¬ 
ods already described. In selecting surface 
cooling coils, the governing factors are the 
entering air dry bulb and wet bulb tem¬ 
peratures (which determine the relative 
humidity), and the evaporator tempera¬ 
ture. Having arriveil at the air quantities, 
it is merely a matter of arithmetic to de¬ 
termine the entering air conditions by ref- 


SURFACE CODLING 
COILS 



CONDITIONED 

SPACE 

80 ”f. 

48^R.H- 
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Example I. Human Comfort Air Conditioning Calculations 



Winter 

db 

Summer 
db wb 

E.T. 

rh 

dp 

gr/lb 

Btu/lb 

cu ft/lb 

Outside 

35 

PO 

70 

_ 

37% 

60 

77.29 

34.04 

14.12 

Inside 

70 

BO 

66 

73.5 

49% 

5B 

71.B6 

30.79 

13.B4 


Department BtoTe, Ldb Angelea, CBlllornia. Type ef room—^Firat floor Bales area with lunch counter 
Room volume (Length 169) ft X width 103) ft X height 15) ft =272,000 cu ft 


Sensible Load (Dry Tons) 

1 Cooling 

1 H eating 

Heat Leakage 

Net sq 
ft of 
surface 

Heat 
transfer 
factDr '‘f 

U ' 

Btu 

per 

hr 

Heat 

transfer 

factor 

U 

Temp 

diff 

F 

Btu 

per 

hr 

Walls or portions of walls exposed to outside 








North 


— 

— 

-- 

— 

— 

— 

— 

South-shaded 


— 

— 

— 

— 

— 

— 

— 

South-unshaded 


950 

0.30 

40 

11.400 

0.30 

35 

9,975 

East 


1,300 

0.30 

10 

3.900 

0.30 

35 

13.650 

West-shaded 


570 

0.30 

10 

1.710 

0.30 

35 

5.985 

West-unshaded 


— 

— 

— 

— 

— 

— 


Walls or portions of walls directly in contact 








with ground 


— 

— 

— 

— 

— 

— 

— 

Glass in outside walla 









North 


— 


— 

— 

— 

— 

— 

South-Bhaded (entrance doors) 


240 

1.13 

ID 

2,712 

1.13 

35 

9,500 

South-unshaded (show windows and back- 








ing) 


1,435 

305 

0.45 

40 

25,B30 

0.45 

35 

22,600 

East 


1.13 

10 

3,447 

1.13 

35 

12,100 

West-shaded (entrance doors) 


120 

1.13 

ID 

1,356 

1.13 

35 

4,750 

West-shaded (show windows and backiug) 

915 

0.45 

10 

4,11B 

0.45 

35 

14,400 

Interior walls or portions of walls next to un- 








conditioned areas 









North 


2,625 

0.25 

5 

3,2B1 

0.25 

0 

. 

Ceilings or portions of ceilings 







35 

61,425 

Under flat roof 


17,550 

0.10 

60 

105,300 

0.10 

Under attic 


— 

— 

— 

— 

—• 

— 

— 

Under fin. rooms 


— 

-• 

■ - 

— 

— 



Skylights 


- 


- 

- - 


— 

— 

Floor or portions of floor 









Over fin. rooms 


— 

— 

— 

-■ 

— 


— 

Over basement 


17,550 

0.35 

5 

30,713 

0.35 

25 

153,565 

Over ground 


— 

— 

— 

— 

— 

— 

— 

Sub-total 





193,767 



307,950 



Cooling 




Heating 

Internal Heat 

Unit 

No. of 
units 

Factor 


Btu 
per hr 

Btu 
per hr 

Outside As infiltration and/or air 
air through conditioner 



(0.24) (60) (10) 


1 (0.24) (50) (35) 

437,580 

cfm 

11,700 



121,660 









13.B4 



13.47 


People (normal no. of people) 

person 

1,170 

220 


257,400 

Add to heating duty for latent 

Lights (watts on sunny day) 

watts 

B7,750 

3.4 


298,350 

load: 









Heat of vaporization for hu- 

Other sources of heat 






mldlfying 

- lb water per hr 

1. Cotfee urn—steam (hooded) 

gal 

3 

f.50) (BOO) 
(.50) (200) 

1,200 

X 1,060 - None X 1.060 - 0 

2. Steam tables electric (hooded) 

sq ft 

4 

400 




3. Motors—supply fan 

hp 

15 

2,545 


38,175 




4. Motors —three') hp 1 hptotal 

watts 

1,250 

27,650 

3.4 


4,250 

47,000 




5. Electrical apparatus (hooded) 

watts 

(.50) (3.4) 




6. Gas apparatus (hooded) 

small 

2 

(.50) (5,750) 

5,750 




toaeter 










Total sensible cooling load^ 967,952 

Gross heating 




Total sensible load. 

tons 

load 


745,530 





967,952 

Minus lights 

298,350 






—-80.7 








12,000 

1 Net heating load 

447,180 
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Example I. Human Comfort Air Conditioning Calculations. (Continued) 


Latent load (Moisture tons) 



Cooling 


Cooling load Bummation 

Internal Heat 

Unit 

No. of 
Units 

Factor 

Btu 

per 

hr 


Outside As infiltration 
air and/or air 

through condi¬ 
tioner 

cfin 

11,700 

(1,060) (60) (5.43 Gr) 

(13.84) (7,000) 

41,650 

Total sensible heat load, tons 
BO.7 

Total latent heal 

People 

person 

1,170 

IBD 

210,600 

load, tons 21.2 


other BourcBB of moisture 

1. Coffee urns—steam | gal 

(hooded) 

2. Steam tables—elec-j an ft 

trie (hooded) 

3. Gas apparatus I small 

(hooded) I toaster 


(.50) (BOO) 
( 50) (350) 
(.50) (B30) 


Total latent heat load, Btu per hr 

Total tons latent heat load 
254,080 

=-- 21.2 

12,000 


I ,200 
1 ,700 
B30 

254,080 


I Total load, tons 101.0 


Senaible-tota* 
heat ratio 


80.7 

101.9 


hi 


= 0.70 


(TenCD to the tnbles of mit properties. Sur¬ 
face cooling coil tonnage ratings are found 
from manufacturers’ tables at various 
entering air conditions, evaporator tem¬ 
peratures and sensible-total heat ratios, 
hjht. It is usually necessary to refer to the 
psychrometric chart, Fig. 2, at some time 
during the process of selection. It is also 
often necessary to vary the air quantities 
(particularly the supply air quantity), in 
order to obtain an economical coil selec¬ 
tion. Example II illustrates typical calcula¬ 
tions for the selection of surface cooling 
coils for the cooling load calculated in Ex¬ 
ample I. (Conclusions based on a coil 
manufacturer’s data.) 

Air washer cooling.“ When using an air 
Washer for dehumidifying, the governing 
factors in the selection are the entering air 
wet bulb temperature, and the required 
leaving air dew point temperature. The 
supply, outside and return air quantities 
are determined in the same general manner 
as for surface cooling, but in addition the 
dehumidified air quantity must be calcu¬ 
lated. Only sufficient air is dehumidified, 
by going through the air washer, to balance 
the total sensible load. The dehumidifier 
leaving air dew point is determined from 
the latent load requirements. 

For most comfort cooling applications, 
the dehumidified air quantity will be the 


supply air quantity, as it is uiiiisiial for the 
dchumidifier leaving air temiieraturc to b(^ 
more than 30 deg below tlie required room 
temperature. Where tlic supply air quan¬ 
tity, or "room difTusion" (ilifTerence be¬ 
tween room and Hiii)])ly air temperature), 
is definitedy fixed by specili(“ations, or in 
cases of unusual air distribution problcm.s 
requiring a low room difTusion, it may be 
necessary to bypass a portion of the supply 
air around the air washer. Most air washers 
are provided with a tjypass luiving auto¬ 
matic dampers for control, but the con¬ 
tinuous bypassing of a minimum amount 
(as in Example III) is not ordinarily re¬ 
quired. However, Exanqde HI has been 
figured with the same air quantities as lilx- 
amph 3 II for purpose-s of comparison be¬ 
tween surface cooling and dehumidifier 
calculations. 

As in the case of surface cooling, the 
psychrometric chart, and the sensible-total 
heat ratio, h,/hi, are used to determine the 
dehumidifier leaving air temperature (or 
dew point in a saturating type washer, as is 
generally used for comfort air condition¬ 
ing). Example III illustrates the calcula¬ 
tions for the selection of an air washer for 
the cooling load calculated in Example 1. 
The dehumidifier leaving air temperature, 
as obtained by using the sensible-total 
heat ratio on the psychrometric chart, 
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should always be checked arithmetically to 
see that it is sufficiently low to balance the 
calculated latent heat load. Using moisture 
values from the tables at the entering and 
leaving air dew points, the actual moisture 
removal and latent heat equivalent there¬ 
of may be calculated as indicated in Ex¬ 
ample III. If the moisture removal is not 
enough to balance the latent heat load, a 
lower leaving air dew point will be required 
and the dehumidified air quantity adjusted 
accordingly. It is also necessary, when 

9D-70-60 
OUTSIDE 

I 

.////, 


using an air washer, to increase the total 
refrigeration lead by the heat equivalent of 
the horsepower of the pump used to circu¬ 
late the spray water. 

Conclusion 

7. Cooling load calculations are very 
similar to heating calculations, but are con¬ 
siderably, more complicated in that the air 
conditioning engineer must be thoroughly 
familiar with the following special circum¬ 
stances which affect the design'": 

1. Inside design comlitions for comfort 

2. Outside design conditions 

3. Sunlight heat gain and heat lag 

4. Ventilation requirements 

5. Air properties and the psychromctric 
chart 

On a large building^' where the solar 


radiant heat gain forms a large percentage 
of the cooling load, the air distributing 
system should be divided into sections 
(called zones) so that the cooling may be 
varied in accordance with the movement of 
the sun effect across the building. Prefera¬ 
bly, each exposure should be zoned sepa¬ 
rately, but north and east exposures may 
be put on one zone, and south and west ex¬ 
posures on another. The radiant heat load 
should be figured for each zone to deter¬ 
mine the maximum air requirements for 
the zone. However, when 
calculating the total re¬ 
frigeration load for the 
builfliiig, only the radiant 
load on the roof and one 
exposure need be included 
as the maximum solar heat 
gain iloe.s not occur simul¬ 
taneously on any two ex¬ 
posures. 

On all fan systems there 
will be some loss of air in 
the distributing ducts. For 
this reason fans should be 
selected foj- about 5% to 
10% greater cai)acity than 
the calculations actually 
show, dei)cnding, of course, 
upon the woikinanship 
with whi[*h the duct sys¬ 
tems are installfMl. For air 
conditioning work great 
care should be taken tf) in¬ 
sure tightness of the duct work, as excessive 
loss of refrigerated air is very expensive. 

The field for air conditioning is still in a 
state of constant expansion, and much re¬ 
search work is in progress. World AVar II 
gave us many new applications for air con¬ 
ditioning, advanced engineering data and 
knowledge, and consequent improvements 
and refinements in methods of calculating 
air conditioning problems and in selecting 
equipment. New and interesting data can 
be found in current trade literature and 
technical journals. Such information is 
very helpful to the air conditioning engi¬ 
neer in keeping up to date on the changes 
and improvements in air conditioning ap¬ 
paratus, and on new and simplified meth¬ 
ods for approaching the air conditioning 
problem. 



Fig. 5. Dehumidifier Cycle, Showing Dry Bulb, Wet Bulb and 
Dew Point Temperatures at Various Points (Example III) 
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Example II—Surface Cooling 
Calculations 

Outside air quantity 

= 1,170 people X 10 cfiii = 11,700 cfm 


11,700 

13.84 


= 845 lb per min 


(Air quMiitity measureJ at inside eonditious.) 
Supply air quantity: 

Internal sensible load 

= total sensible — (fan motor and out¬ 
side air heat gain) 

= 907,952 - (38,175 + 121,600) 

= 007,952-159,835 = 808,117 Btu per 
hr 

Siijiply air 20 deg below room temperature 
= S0 F-20=G0 F 
Supply air quantity 


(808,1 J 7) (13.84) 


(0.24) (20) (60) 
38,800 


'-= 38,800 cfm 


13.84 


= 2,800 lb per min 


ReLurn air quantity 

= 38,800-11,700=27,100 cfm 
27,100 

= --= 1,955 lb per min 


I'bitering air temp, db 

= (^055)(80) + (845)(90) 

’ 2,^0 ” 

Fiitiuing air, enthalj)y 

(1,955) (30.79)+(845) (34.04) 

” 2,800 
= 31.8 lltu per lb 

.'. Filtering air wb =07.2F 

Filtering air rh =44% (from Fig. 2) 
Locate the above entering air conditions 


on the psychroinetric chart, determining 
point A. This point should faM on tho 
straight line between point B, the outside 
air condition of 90 db and 70 wb and the 
room condition of lSO db and 48% rh at C. 
Using the sensible-total heat ratio hs/ht. 
= 0.70, coiistiuct line XY on the psychri)- 
metric chart from the reference point of 
80 F db and 50% rli to 0.79 on the hg/ht 
scale. DraAv another line ZA parallel to the 
first but going tiu ough the entering air con¬ 
dition of S3 db and 44% rli. Tlie iinint 
where tins second line in tersccts the satura¬ 
tion line at Z, rletcrediies the I'liil surface 
tempcratiijc (or the dew jioint if a waslicT 
is useil), in this ease 54 F. 

Leaving air db = Entering air db— 

Total se.iisiide load in Btu per hr 
(0.24) (11) air per uiiu)(()0) 

(967,952) 

y. . ._’___ 

(0.24) (2,800) (60) 

= 83 -24 = 59 I' 

The required leaving air comlition will 
fall on the line ZA on the psycliroinctric 
chart. Tlicrelon?, refer to point D on Fig. 2 
at 50 F leaving ill) teiii])crature and find 
50.5 F wb anil 55.0 1' dp as the air coinli- 
tions leaving tlie siirfaec euoling coils. One 
may now select direct exiiansion cooling 
coil from catalog. 

Table 4 and equations 1, 2, and 3 are 
typical of direid e.xpansion cooling coil 
rating data as publisbeil liyvariousinanu- 
facturejs.’- 

= CJk, - hr) ~ Crihr - (i.8!J) (1) 

L = 4.Ai')n(h^—hi) (2) 


Table 4. Table of Constants for Dry Expansion Coils 


Air 






r,.r 















Velocity 





Number of Rows 




fpm 












1 

2 

3 

4 

5 

6 

7 

8 

10 


200 

.540 

.630 

.BOO 

.870 

.920 

.945 

.965 

.975 

.983 

.988 

250 

.435 

.506 

.660 

.750 

.830 

.872 

.906 

.932 

.953 

.967 

300 

.361 

.435 

.587 

.687 

.770 

.818 

.861 

.895 

.925 

.948 

400 

.271 

.350 

.500 

.598 

.683 

.740 

.790 

.835 

.874 

.908 

500 

.216 

.296 

.436 

.535 

.617 

.678 

.733 

.782 

.825 

.869 

600 

.182 

.256 

.387 

.482 

.563 

.625 

.680 

.733 

.778 

.830 

700 

.155 

.222 

.344 

.435 

.513 

.577 

.632 

.685 

.733 

.790 

BOO 

.135 

. 191 

.302 

.390 

.470 

.535 

.585 

.635 

.687 

.750 

K 


64 

202 

3BD 

600 

890 

1300 

1700 

2175 

3300 

Lmin 

2740 

5900 

8150 

10,000 

11,370 

12,620 

13,760 

14,700 

15,700 
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t,-lr -— ( 3 ) 

20 

Where: 

/ie = (Mlthillpy i)f air entering coil, Btu per 

lb 

/(! = enthalpy of air ItMiving noil, lUu per 
lb 

/ir = enthalpy of air saturated at the tem¬ 
perature of the refrigerant, Btu per lb 
().H!l = i:[)il constant, Btu per lb 
FA=fa(re area of coil, Bt| ft 
L = htMit load on coil, litu per hij ft FA hr 
y=fiii:e velocity, fpin 

A'r = coil coiiHtant, Btu per sq ft FA hr F 
<r==HUcLi(jn temperature of refrigerant, 1' 
L = apj)arent surface temperature, F 
J.l5=weight of dry air in a cubic foot of 
standard air tiines GO, lb 

Tile scdectiun of a coil from tlicsD data 
is a method of trial and error, as several 
selections might fit tlie requirements. The 
variables ai e l efrigerant teinperatui'e, face 
velocity, and rows deep. In general, the 
refrigerant temperature should be selected 
from 5 deg to 15 deg below the coil surface 
temiierature, and the face velocity between 
450 and 550 fpm for coils operating de- 
buniidifying. Air conditioning coils for 
comfort cooling are usually of staggered 
tube design, constructed of \ in. 01) or 
I in. OD tubing with 7 or 8 fins per inch. 

The |)ra(d-i(wil application of the typicjil 
maiiufactiireis’ data** to this example is 
as follow.s: 


1,222,932 

- -= 11 

(FA) 

,932 

11 20 
= 111, 109-Gl, 147 
(FA) (Ae)-=50,022 

Try 4 row deep coil: from Table 4, coil con¬ 
stant Kr = GOO 


-Id = - 




1,222,932^ 




(20) (FA) J 
1,222,932 1,221 


50,022 

--= FA = 83.4 sq ft 

GOO 

, 38,800 cfin 

v=face vi^locity =-;..= 400 fpin 

83.4 

lliMiuired L 

83.4 


= 14,700 Btu per sq ft FA hr 


The 4 row coil selected must now be checkeil 
by applying equations 1 and 2, and iiiter- 
indatiiig in table 4 for the constaiita Cyr and 
Cy, to see that the coil will remove the re¬ 
quired amount of heat from the air. 


(1) h,~hi = Cyrih,-hr)-Cv{kr “-G.89) 

= (0.G48)(31.8~1G.G4) 

- (0.235) (IG.Gl-0.89) 

= 9.K-2.3 =7.5 Blu jier II) 

(2) L = 4.4.5K/'--/u) 


(4111 = 38,800 

Entering air wb =07.2 1’ Entliiilpy =31.8 = A« 

I weaving air wb = 5G. 5 F Fiii th al py = 21.13 = A j 


required h, — hi=7A)7 Btu per lb 
Hequired coil HUifacc temperature = 54 F=^o 
Total cooling load =907,952 sensible 
-H254,l)80 latent 
= 1,222,932 Btu per hr 
= {L) (FA) 

Try refrigerant temperature = 54 — 11 
= 43 F=^ 

Enthalpy corresponding to ^r = lG.G4 Btu per 
lb=Ar 

Using equation 3 


= (4.45)(4GG)(7.5) 

= 15,000 Btu per sq ft FA hr 

This is about as close a selection as can 
be obtaiiKMl by using standard cooling 
coils, and the total capacity at 43 F re¬ 
frigerant temperature will be: 

(L) (FA) =(15,600)(83.4) 

= 1 ,300,000 Btu j)er hr = 108 toms 

For such a large cooling load, six 18 ton 
coils would probabl}^ be selected. If each 
coil Avere made 30 in. high with tube 
length of 66 in., the total face area would 
be 82.5 sq ft which is close enough to the 
required face area. The actual face velocity 
would then be 38,800/82.5 = 470 fpm. 
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Example III—Dehumidifier 
Calculation 

Outside air = 11,700 efin=845 lb per min 
Supply air=38,iS00 cfm=2,S00 lb per min 
Return air =27,100 efm = l,D5o lb per min 
Supply air dew point =olF (Sec Example 

ID 

It is impossible to obtain eoniplete satu¬ 
ration in an air washer when dehuinidify- 
inp;. However, for practical purposes it is 
sufficientD’^ accurate to assume 100% satu¬ 
ration for the (lehuinidifiei calculations, in 
which case the dehumidifier leaving 
db = wb = dp = 54F. 


Dehumidified air quantity 


(Internal Bensiblcd-raii motor heat) 

. (r)0)(0.24)(8b~'54y 

(808,117+38,175) 

” 76 (^ 70724 ^^^^^ 


S4fi,2l)2 


= 2,260 lb per min 


(60) (0.24) (20) 

= (2,260)(13.84) =31,300 cfm 


Bypass air =38,800-31,300 =7,500 cfm 
All of the outsiile air should he dehumid¬ 
ified 

Rftturn air through ilehumidificr =2,260 
— 845 = 1,415 11) per min 
Entering air to dehiimidifier; 




I'hithalpy 


2,260 

(1,415) (30.7.4) + (S45) (34.04) 
2,260 


= 32.01 Btu per lb 

wh=67.5F (from Table 1, Chap. 10) 
ilp= 5[1F= 74.54 gr per lb from chart 
of Chap. 10 


gr per 11) 

Moisture content at 5!)F entering dp =74.54 
Moisture content at 54F leaving dp = 62,01 
Moisture removed in dehumidifier =12.53 
Total moisture removed 


(60)(2,260 ll))(12..53 g^ 
7,000 gr per lb 


= 243 lb per hr 


Latent heat equivalent 

= (243 lb) (1,060) =257,580 Btu per hr 
Calculated latent load 

(Example I) =254,980 Btu per hr 

Btu per lb 
= 34.04 


Btu per Ih 

Enthal])y at 54F tlehiimiclifier wh =22.59 
Heat removed from outside air = 11.15 
Enthalpy at 66F mom wb =30.79 

Enthalpy at 54F deluiinidifier wb = 22.r)r) 
Heat removed from return air = 8.20 


Btu per min tons 

Total heat removeil from 

outside air = (845) (11.45) = 9,67.5 
Total heat removeil from 

return air = (1,415HS-20) =11 ,603 
Ch)oling load (sub-tolali 21,278 = 106.4 
Allow’ 10 hp for spray nuinp 

= 10X12.5 ' = 425= 2.1 

Totjd '-ooling load =21 ,“703 = 108.5 

Select dehuiiiiLli(ii;r ^or 100 to 600 fpm fiU’e 
velocity 


31,300 elm di liiimiildieil 

—----—.— = 52.2 sq It r.aee area 

600 fpm bice velocity 


Allow’ 7 deg rise in .spray w’ater 
Spray water required 


21,703 Btu per min 

7X8^33" 


372 gpm 


372 gpm 
^272 sq ft 


g|)iu pi‘r sq fl. face area 


Using 2 .spray bank.s 

= 7^. =r3.5.5 gl)m per ,sq If. per sj)ray bank 

54F flp “2 deg ililTereiicii = 521'" leaving w ater 
52F—7 deg rinige=4r)F entejiiig water. 


Difference betw’ecn leaving air and leaving 
W’ater depends upon dehumidifier type, and 
design values given are typical. 

Thus one selects refrigerating unit and 
water cooler for 108.5 tons refrigeration 
when cooling 372 gpm spray water from 
52F to 45r, using 2-bank air washer for 
31,300 cfm. 
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1. The performance requirements of a 

distiibiitioii system are as follows: 

a. To introduce to the conditioned space 
a quantity of air at a temperature 
and humidity which will maintain 
the desired indoor temperature and 
humidity. 

b. To distribute the air so that: 

The temperature throughout the oc¬ 
cupied zone is essentially uniform. 
The tomperaturc difference between 
floor and breathing line is luiiiimized. 
Motion of air will be adequate but 
not so great as to produce a sensation 
of draftiness. 

c. To introduce the air as quietly as 
jjossible, so that noise from the air 
conditioning system will not be ob¬ 
jectionable. 

In addition the distribution system 
should be designed so as to blend with 
architectural treatment of conditioned 
spacCj be economical to install, and result 
in minimum owning and operating ex¬ 
pense. Fig. 1 shows typical situations. 

2. Total ail changes is defined as the 
number of complete changes per hour of 
the air in the room, giving the rate of cir¬ 
culation equal to the cfm discharged 
through the supply openings. This factor 
must not be confused with air changes 
equivalent to the rate of supply of outside 
fresh air. The total air changes of a given 
space 

N^mQ/V ( 1 ) 

Where 

W= Total air changes per hour 
Q =cfin of air, referred to the specific 
volume at design conditions, equiv¬ 
alent to the total air discharged 
from the supply openings 
V = Volume of conditioned space, cu ft 

Q = ISrF/60 (2) 


Uniformity of motion and temiierature 
distribution are particularly dciictulent 
upon the relation of total air circulation to 
the volume of the conditioned space. With 
a small number of supply openings and a 
low total of air changes, there may be a 
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Fig. 1. Vertical Sections of Small Rooms 
Showing Types of Circulations 

tendency toward dead air pockets. On the 
other hand a high number of changes may 
mean drafts. 

Table 1 may be used in estimating the 
quantity of air supply, or in determining 
whether a given rate of supply will give 
satisfactory air distribution. Judgment 
must be exercised in using this table, as it 
sets up wide limits. 

If the number of air changes is approxi¬ 
mately halfway between the upper and 
lower limits given in Table 1, no particular 
difficulties should be encountered. Rates 
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of air chauges within the lower portions of 
the ranges given are more suitable if the 
heat loss or heat gain per unit volume is 
low than if the heat loss or gain per unit 
volume is high. 

3. Air changes in excess of 12 per hour 
generally are suitable only when the heat 
gain per unit volume is very high. In such 
eases, every possible effort should be made 
to reduce the internal sensible heat gain 
by insulation, awnings, use of mechanical 
ventilation, Venetian blinds, etc. When it is 
not possible to do this, there should be a 


the remaining volume. Unless the number 
of air changes is very high this upper por¬ 
tion of the space will remain relatively 
undisturbed. 

4. The temperature and quantity of air 
introduced to the conditioned space are 
dependent on each other, with heat loss or 
heat gain as the relating factor. The for¬ 
mula for sensible heat is 

60Q 

—^X0.24Xdtd (3) 

V 

From this we get the following formulae 


Table 1. Approximate Rates of Air Supply for Heating and Cooling 


Type of application 

Location of supply openings 

Approximate equivalent 
air changes per hour 

Heating Cooling 

Residences 

In baseboard near floor, discharging 
horizontally 

In floor, discharging vertically upward 
High in wall, discharging horizontally 

3-6 — 

3 6 6-9 

5-9 6-9 

Offices, stores, and 
restaurants 

Generally high in wall, discharging 
horizontally 

5-B 6-12 

Theaters, assembly halls, 
dance halls, etc. 

Generally high in wall, discharging 
horizontally 

5-10 6-12 


compromise between the number of air 
changes and diffusion temperature differ¬ 
ence. The temperature difference is the 
temperature difference between the air 
temperature at supply opening and design 
indoor temperature. This diffusion tem¬ 
perature difference should be increased if 
possible. Relocating or increasing the num¬ 
ber or decreasing the size of outlets may 
permit this. 

When the number of air changes is very 
high, the air should be directed toward 
unoccupied spaces, and induced secondary 
circulation should be avoided. With 12 or 
more changes per hour the air in the room 
is pretty certain to be well stirred up, and 
more effort should be directed toward 
avoiding drafts than toward supplying the 
conditioned air to the exact sources of heat 
gain. In all types of applications with very 
high ceilings the number of air changes 
should be based on the volume from the 
floor level to approximately six feet above 
the level of the supply openings, neglecting 


for air quantity required to accomplish a 
given heating or cooling load. 


Q = 

1.06 dtd 

for cooling 

(4) 

Q=- 

K 

for heating 

(5) 

l.OB ltd 


where 

Total air supply, cfm referred 
to design indoor conditions 

dtd»Diffusion temperature differ¬ 
ence, deg F 

/i, Internal sensible heat gain for 
cooling, and internal seiisible 
heat loss for heating, Btu per 
hr 

!;= specific volume of air at design 
outdoor conditions, cu ft per lb 

Internal heat loss or heat gain refers to 
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the heat loss or heat gain exclusive of that 
of ventilation air which is mixed with re¬ 
circulated air before entering the air con¬ 
ditioner. In the above formulae the 
constants 1.06 and 1.08 are determined so 
that Q is the cfin based on the specific 
volume of air at design indoor conditions. 
Values corresponding to 80 F. 50% rela¬ 
tive humidity for summer and 70 F, 
35% relative humidity for winter, are 
used. 

5. In order to obtain the maximum dif¬ 
fusion temperature difference in the above 
formulae for cooling, refer to Table 2. It 

Table 2. Approximate Maximum Diffusion 
Temperature Differences Permissible for 

Various Heights of Supply from Floor 
(for Cooling) 


Height of 
supply 
above 
floor, 
ft 

Mazimum diffusion temperature 
difference, deg F 

Relatively few 
large volume 
discharges 

Relatively many 
small volume 
discharges 

10 

15 

20 

12 

17 

22 

14 

19 

24 

16 

21 

26 

IB 1 

23 

2B 

20 

25 

30 


is evident that greater diffusion tempera¬ 
ture differences are allowable when many 
discharges are used than with few. Again, 
as the height of the discharge increases, 
the allowable difference increases. 

If the temperature difference between 
room air and supply air is increased, the 
air stream bends down more steeply and 
tends to enter the occupied zone a shorter 
distance from the point of supply. Hence, 
for any given height of grille there is a 
m inimum height of supply above the floor 
for a given discharge velocity and type of 
grille. If the grille is located at low^er level, 
air will enter the occupied zone at an un¬ 
desirably high velocity and possibly at too 
low a temperature. 

The diffusion temperature difference, on 
heating, should be kept as low as possible. 
However, if the discharge temperature is 
less than about 100 F, great care should 
be taken to prevent this air from blowing 


fi29 

directly over an occupant. Usually 100 F 
is as low as warm air should be discharged 
into a room. Air at lower temperatures 
seems cold to the average person if the 
velocity is greater than 40 to 50 fpm. 

To summarize, in designing air distribu¬ 
tion sj'^stems it is necessary to consider 
both diffusion temperature difference and 
total air changes in relation to the type and 
location of supply oi)enings. The total air 
changes must be adequate to give good 
distribution and at the same time the tem¬ 
perature difference must be low enough so 
the air stream will nut enter the occupied 
zone before its temperature has been raised 
essentially to that in the room or before 
its velocity has been reduced to approxi¬ 
mately 50 fpm. 

Gravity Flow of Air 

6. When air is heated it tends to rise 
and when cooled it tends to fall. Supply 
and return openings should be located with 
due consideration for the natural gravity 
flow characteristics of warm and cool air. 
For heating, this would indicate that warm 
air supply openings should be located near 
the floor blov*^iiig horizontally, or near the 
ceiling blowing slightly downward. Simi¬ 
larly for cooling, the air should bo intro¬ 
duced horizontally through openings well 
above the floor level, or vertically upward 
through openings near or in the floor. 

If a given cooling load is to be handled 
with a relatively small quantity of air, the 
diffusion temperature difference will be 
large, and care must be exercised to pre¬ 
vent cold air from falling too quickly to a 
level where it can produce a sensation of 
draftincss. The cold air must be warmed 
by mixing action, which may be promoted 
by; 

a. Locating the supply openings so that 
the suppl}'^ air is in contact with room 
air for a longer time before reaching 
the occupied zone. This may be ac¬ 
complished by high outlets, high dis¬ 
charge velocities, or directing the air 
slightly upward. 

b. Breaking up the supply air into a 
number of relatively small Jets so 
that mixing takes place rapidly. For 
example, numerous small-volume, 
well-distributed outlets or long, nar- 
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row, Blot-type outlets with directional 
flow. 

c. Use of special grilles such as aspirat¬ 
ing, directional flow, etc. 

7. Air may be projected to a desired 
point by giving it adequate velocity and 
proper direction at point of supply, but 
this method of control of air motion is not 
applicable in the case of return openings. 
Tests have shown that even with a face 
velocity of 1,000 fpin the air velocity is 
not more than 50 at distances more 
than 3 ft from a return grille. Thus re¬ 
turns must be located so that air will flow 
to them fretily by gravity. 

Returns for heating should be located so 
that air does not travel a great distance 
nor encounter a number of Ijends. Cold air 
comes from the point where heat loss 
occurs, such as windows and outside walls. 
In cooling the location of returns is less 
vital. In theory they should be located 
well above the floor but in practice gradi¬ 
ents in cooling are not so great as in heat¬ 
ing. 

'riie number of returns is variable. Rel¬ 
atively few are sometimes adequate in 
both heating and cooling systems, but in 
cases of highly concentrated loads or bad 
exposure, many well-distributed returns 
are often required. 

B. As a jet of air issues from an opening 
it encounters resistance to flow, partially 
by friction between the air in the sides of 
the jet and the air in the room. The 
amount of room air thus entrained in¬ 
creases with the perimeter and velocity of 
the jet. At relatively high initial velocities 
(800 fpm or more) the amount of en¬ 
trained room air may be great enough 
to produce a very appreciable secondary 
or induced circulation. This entrainment 
of room air may be increased, at a given 
velocity, by using grilles specially designed 
to increase turbulence in the air jet (as¬ 
pirating grilles). On the other hand, the 
ratio of perimeter to area may be kept 
small, to reduce the amount of entrained 
room air and thus to maintain the jet 
velocity. 

The secondary circulation induced by 
the entrainment of room air is often a great 
aid in maintaining uniform air motion and 
temperature distribution, with a minimum 


number of supply openings and with a 
minimum quantity of air. The entrained 
room air also tempers the supply air, re¬ 
ducing the tendency for cool air to fall to 
the floor and room air to rise to ceiling. 

Grille Characteristics 

9. Air flow characteristics of different 
types and arrangements of supply open¬ 
ings and grilles must be considered in con¬ 
junction with the principles discussed 
above. The important characteristics to be 
considered may be enumerated as follows: 

a. Throw vs. proportions and arrange¬ 
ment of the grille, and di.scharge 
velocity. This determines the dis¬ 
tance conditioned air may be prt)- 
jected from tlie point of supply. 

b. Horizontal spread of the air vs. jiro- 
portions of the grille. This affects the 
number of openings required to cover 
a given area. 

c. Air velocity at the lower edge of the 
air stream vs. proportions and ar¬ 
rangements of the grille, diffusion 
temperature difference, discharge ve¬ 
locity, horizontal distance from grille 
and vertical distance from grille level. 
Cool air discharged from a grille 
drops, causing the air stream issuing 
from a supply opening to describe a 
path which bends downward. I’ur- 
thermore, the velocity of the air at 
the boundaries of the air stream is 
lower than the average velocity. It is 
important that the air velocity 
should not be in excess of 40 to 50 
fpm where the air stream enters the 
occupied zone. 

d. Vertical fall or rise of air from the 
supply opening to where the jet tem¬ 
perature is essentially equal to that 
in the room vs. proportions and ar¬ 
rangement of the grille, diffusion 
temperature difference and discharge 
velocity. This is useful in determining 
whether a given arrangement will 
spill cold air into the occupied zone 
in summer, or cause stratification of 
warm air at the ceiling in heating; 
hence it is practicable in designing a 
system to avoid these two undesir¬ 
able effects. 

B. Quantity of entrained room air as a 
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percentage of the initial jet volume 
VH. proportions and arrangement of 
the grille, and discharging velocity. 

Data concerning the above character¬ 
istics are available in varying degrees of 
completeness from grille manufacturers. 

10. The following conclusions on air 
distribution are based upon experimental 
work conducted by one well known grille 
manufacturer: 

a. The throw from a straight flow grille 
varies with the square root of the 
daylight area of the grille and with 
the face velocity within ordinary 
grille proportions. 

b. The aspect ratio of a grille has no 
appreciable effect on the distance of 
air throw. 

c. Fanning out the air stream shortens 
the throw, the amount depending on 
the degree of deflation. 

d. The drop, for a given throw, of an 
air stream below room temperature, 
varies about inversely as the face 
velocity and directly as the tempera¬ 
ture differential. 

11. Tables 3 and 4 may be used as 
guides in estimating discharge velocities 
for bar-type or lattice-type grille without 
deflectors, and for plain nozzles. These 
tables are approximate, and intended only 
for use in the general preliminary la^mut. 
The performance of iiuiiierous special types 
of grilles ma}'^ differ appreciabl}'^ from these 
tables. 

When cooling with floor openings dis¬ 
charging vertically, the velocity depends 


Table 3. Approximate Velocities for Various 
Diffusion Temperature Differences and 
Lengths of Throw 


Throw 
from 
point of 
supply, 
ft 

Approx velocity over face area, 
fpm 

Diffusion temperature difference, F 

15 

20 

25 

3D 

15 

400 

525 

650 

775 

25 

500 

625 

750 

B75 

35 

600 

725 

B50 

975 

50 

750 

B75 

1000 

1125 

75 

1000 

1125 

1250 

1375 

100 

1250 

1375 

1500 

1625 


Table 4. Approximate Supply and Return 
Air Velocities 

Type of opening 

Average velocity 
through free area 
of grille, fpm 


Heating Cooling 

Supply—Low in wall, dis¬ 
charging horizontally 
Supply—In floor, dis¬ 
charging horizontally 
Supply—High in wall, dis¬ 
charging horizontally 
Return 

300 400 — 

300-400 500-800 

600-1,51)0*300 -1500* 
300-500 300-500 


* Note; liiiKher vclriniliR.<« iifb snmRtimea periiiiN.sil)le 
with some typas of supply KriIlD.s, uiid wlien ii Idiir lliruw 
of the air ia requirsfl. 


upon the '.eiling height. A velocity of at 
lea.st 500 f|)m shoulil be useil for aventgo 
ceiling heiglits of 7 to S ft. For higher 
ceilings tlie velocity shoulil ite increiised 
somewhat. When lieating wutli flortr oiteii- 
ings discharging vertically, tlie velocity 
shoulfl be ke])t low, not over 400 fpm if 
po.ssiblc. Velocities of !i]qn’r>ximai.ely 500 
fj)iii should be used only wdieii the system 
is to be used for both heating and cooling, 
with the same air tpiiintity the year 'round. 

Return velocities given in 'i'alde 4 ref)- 
resent average jtractice for residential 
applications, where it is usually neces.sary 
to do everything possible to keej) the re¬ 
sistance of the duct system low. However, 
in coiniiiercial ajiplicatioiis higher veloiii- 
ties (up to 1,000 fpm) may be used. 

Certain precautions must be ob.served in 
installing high-velocity supply sy.steiiis. 
There should be no obstructions such as 
columns or chandeliers in the direct path 
of the air jet. If the ceiling has cross beams 
perpendicular to the direction of the air 
jet, the supply openings should be located 
at least 2 ft below the lowest point of the 
ceiling. 

Location of Openings in 
Relation to Exposure 

12. A considerable percentage of the 
conditioned air should be supplied to that 
portion of the space where heat gain or 
heat loss occurs. For heating the best way 
to accomplish this is to discharge the warm 
air across the exposed walls. In cooling the 
problem is more one of a fairly uniform 
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distribution of supply air throughout the 
conditioned space. The following summary, 
coupled with experience and judgment, 
may be used as a guide in locating supply 
and return openings. In general, supply 
openings are to be located to minimize the 
possibility of blowing air directly on occu¬ 
pants ; return openings near unusual sources 
of odor concentration should be avoided; 
exhaust vents to outdoors are advisable 
where there are sources of exceptional odor 
concentrations; supply risers should be 
placed in inside partition walls where 
possible to avoid excessive heat loss in duct 
and low discharge temperature. 

With respect to supply openings in cool¬ 
ing systems, the following requirements 
apply: 

a. High in wall blowing horizontally: 
This arrangement has proved most 
satisfactory where air is discharged 
at velocities of 500 fpm or more. 
Care should be exercised in using 
outlets near ceiling to prevent streak¬ 
ing. Supply outlets should be about 
7 ft from floor and have air directed 
horizontally. 

b. Ceiling outlets with diffusers or a de¬ 
flecting pan to direct the air hori¬ 
zontally are very satisfactory. In 
places where ceilings are very low, 
ceiling outlets can be used to ad¬ 
vantage to avoid drafts. 

c. Floor openings along outside wall 
blowing upward give reasonably satis¬ 
factory results, with discharge veloc¬ 
ity of 50(J fpm or more, especially in 
residences, as a compromise arrange¬ 
ment for summer and winter opera¬ 
tion. The air should be deflected at a 
slight angle from the vertical, to pre¬ 
vent the air from mushrooming, i.e., 
falling directly down on itself. 

d. Baseboard supply is unsatisfactory 
for cooling, if air is directed hori¬ 
zontally. There are baseboard reg¬ 
isters now made that are adjustable, 
such that for cooling operation the 
face damper is closed and the top of 
the grille pulled out so that the air is 
discharged vertically. 

13. In large commercial jobs it is al¬ 
most always necessary to have some form 
of zone control in order to maintain even 


temperatures in the different conditioned 
spaces, because of different and changing 
load conditions for both heating and cool¬ 
ing. Some of the most common methods of 
zoning are as follows: 

a. Separate conditioner, fan, and duct 
system for each zone. 

b. Central conditioner and fan with 
separate branch duct systems for 
each zone, controlled by automatic 
dampers in each zone. 

c. Central conditioner with blow- 
through fan, where zones are di¬ 
vided at the coils in the conditioner 
with separate duct systems in each 
zone. This type of system usually 
has automatic control of the indi¬ 
vidual coils in each zone (see p. 648). 

d. Central conditioner and fan for 
entire system, with booster coils in 
each zone duct system automatically 
controlled from each zone. 

e. Central conditioner and fan for en¬ 
tire system with booster fans for 
each zone automatically controlling 
the air flow to each zone. Sometimes 
this type of zone control uses booster 
coils in each zone. 

Air Filters 

14. Air cleaning is the removal of dust 
and dirt from the air, which may be ac¬ 
complished in several ways: 

a. By passing the air over a surface 
coated with an adhesive material 
which literally "catches” dust par¬ 
ticles carried by the air. 

b. By passing the air through a finely 
woven fabric, which “screens” dust 
particles from the air. 

c. By changing the direction of the air 
abruptly, thus “throwing” the dust 
particles out of the air stream. 

d. By passing the air through a water 
spray. The water droplets collect on 
dust particles and cause them to 
drop down out of the air stream. 

e. By passing the air between charged 
electrodes, which induce electrical 
charges on the dust particles and 
cause them to be precipitated from 
the air stream. 

Each one of the above methods may be 
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used singly, or in combination, in various 
applications. 

Viscous air filters employ the first 
method listed above. In the unit the filter¬ 
ing material is arranged in> units of such 
size as to be convenient for installing and 
servicing. Each unit is a pad of filter ma¬ 
terial (such as spun glass wool, steel wool 
or animal hair), and the necessary sup¬ 
porting frame, arranged so that it can be 
removed easily for cleaning or replacing. 
Unit filters are made of hemp or paper 
fiber to be thrown away after using. 

The automatic type of viscous filter uses 
the same principle of filtering as the unit 
type, but the filter is kept clean auto¬ 
matically. One method of accomplishing 
this is to support the filter material on an 
endless belt which is moved slowlj^, or in¬ 
termittently, through a bath of the fluid. 

Dry air filters make use of the second 
method of air cleaning listed above. Such 
filters are always of the unit type, and 
may be either cleanable or throw-away, 
more frequently the latter. 

Scrubbers are more effective as filters 
than air washers. They make use of the 
third method of air cleaning listed above. 
The zig-zag path of flow throws the air 
against the baffle plates. Some of the dust 
particles are thus collected on the wetted 
surfaces and flushed to the collecting 
basin. The scrubber has the further ad¬ 
vantage over the air washer in that the 
temperature and humidity of the air arc 
not greatly altered. 

15. Air washers and humidifiers may be 
classified in two distinct types; (a) the 
spray type and (b) the surface type. De¬ 
humidifiers may be classified in three 
types; (1) spray, (2) surface, (3) chemical 
dehydration types. 

Air washers are usually of the spray 
type, and if properly designed and adapted 
may serve as a humidifier, dehumidifier, or 
both. The spray-type washers commonly 
used for air conditiui.ing and ventilation 
are made in standard designs and sizes to 
meet the requirements of a given duty. 
The classification of design is usually ex¬ 
pressed in the number of banks of spray 
nozzles, of which there are never more than 
two in a standard unit. 

The two standard designs are one^bank 
and two-bank washers. The banka of noz¬ 


zles referred to are spray nozzles, which 
spray the water in fine particles and dis¬ 
tribute the spray over the entire cross sec¬ 
tion of the washer chamber. All washers 
are usually equipped with one extra row of 
flooding nozzles which spray a sheet of 
water down the entering side of the leaving 
eliminator plates to wash down any dirt 
and dust which may have accumulated 
and to help remove some of the entrained 
moisture being carried through the washer 
by the air. 

Tables 5 and 6 give typical specifica¬ 
tions for one-bank aTui two-bank washers, 
devices arranged with Hooding nozzles to 
wash the eliminator plates. A one-bank 
washer is satisfactory for humidifying and 
washing the air, but is not adequate for 
cooling or ieUumidifying. 

The quantity of water sprayed in a 
standard one-bank washer varies from 4 
to 5 gal per 1,000 cu ft of air based on an 
air velocity of 500 fpin through the 
washer chamber. The flooding nozzles 
spray 3 to 4 gal of water per min per ft of 
washer width. 

The saturation efficiency, or the reduc¬ 
tion of the entering wet-bulb depression, 
of a one-bank washer ranges from 00 
to 70%, depending upon the fineness of 
the spray, distance between the spray 
and eliminators, and velocity of air 
through the washer chamber. 

The spray nozzles in a two-bank washer 
spray the same quantity of water as those 
in a one-bank washer, but as there are 
twice as many, the quantity of water 
sprayed would range from 8 to 10 gal per 
1,000 cu ft of air based on an air velocity of 
500 fpin through the washer chamber. 
The saturation efficiency of a two-bank 
washer ranges from 85 to 05%. 

The resistance to air flow of either the 
one-bank or two-bank washer ranges from 
0.2 to 0.4 in. of water, depending upon 
the spacing and construction of the elimi¬ 
nators, type of entering baffles, direction 
of sprays (either with or against the direc¬ 
tion of air flow), and the connections to 
and from the washer which may vary the 
air velocity across the face of the washer 
and thus cause eddy currents in the spray 
chamber. 

Details of construction of air washers are 
practically the same for all makes of stand- 
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Table 5. Typical Specifications of One-Bank Washers 


Num¬ 

ber 


Air 

capacity, 

cfm 


Cham¬ 
ber 
area, 
5q ft 


DimenBiona. In. 
W H L 


Wash¬ 

ing 

surface, 
sq ft 


Number of Water flow, Pump ^ . 
nozzles gpm size, 

Spray Flooding Spray Flooding in. 


1 

4,600 

9.2 

33 

61! 

86A 

84.5 

12 

9 

22 

9 

1* 

1* 

2 

9,400 

IB.B 

64 J 

61* 

B6A 

174 

24 

20 

43 

20 

1* 

2 

3 

14,200 

2B.3 


611 

86A 

263 

36 

30 

65 

30 

1* 

3 

4 

21,900 

43.7 

95! 

61! 

B6A 

413 

60 

30 

108 

30 

1* 

3 

5 

29,300 

5B.6 

127! 

61* 

86A 

553 

80 

40 

144 

40 

3 

5 

6 

36,700 

73.4 

158! 

61* 

86A 

693 

100 

51 

180 

51 

1* 

5 

7 

44,100 

BB.2 

190 

61* 

B6A 

852 

120 

61 

216 

61 

1* 

5 


Table 6. Typical Specifications of Two-Bank Washers 


Nominal capacity Dimensions, Elimination Spray Flooding 

aizB, at 500 ft-in. surface, nozzles, nozzles, 

ft fpm, ^ am er, ^ ^ 

rftn 


5 X4 

10,000 

20 

5-3 

5-1 

244 

80 

9 

18 

98 

5 X6 

15,000 

30 

5-3 

7-1 

366 

120 

9 

IB 

138 

5 XB 

20,000 

40 

5-3 

9-1 

4BB 

160 

9 

IB 

17B 

5 X9 

22,500 

45 

5-3 

10-1 

549 

180 

9 

18 

198 

6X5 

15,000 

30 

6-3 

6-1 

366 

120 

11 

22 

142 

6X7 

21,000 

42 

6-3 

8-1 

512 

168 

11 

22 

190 

6X9 

27,000 

54 

6-3 

10-1 

658 

216 

11 

22 

238 


ard air washers, the only difference being 
in the type and capacity of nozzles, enter¬ 
ing baffles, and detail of design of the leav¬ 
ing eliminators. 

The casing is constructed of either 18- 
gage galvanized steel or 30-oz copper, 
rigidly braced with galvanized iron or 
brass angles to prevent sagging and 
"breathing” of the casing. All angle brac¬ 
ing and door frames are riveted with rivets 
soldered. All seams are soldered, and riv¬ 
eted with rivets soldered. The tank is con¬ 
structed of 14- to 16-gage galvanized steel 


or 36- to 40-oz copper. The tank is also 
rigidly braced with iron or brass angles for 
stiffening. All angles and seams are riveted 
and soldered except in larger sizes where 
tanks are welded. 

Air washer nozzles differ in design and 
performance with each manufacturer. Ca¬ 
pacities of the nozzles range from .9 to 2.0 
gpin, each with pressure ranging from 
17 to 30 psi. They are uniformly spaced 
both vertically and horizontally over the 
cross section of the washer to give a uni¬ 
form distribution and density of spray. 
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T here arc four tlififereiit methods of 
comfort cooling: (1) Mechanical refrig¬ 
eration; (2) cold water; (d) air circulation 
iind ventilation; and (4) evaijoriitive cool¬ 
ing. Each method will be discussed from 
tlie viewpoint of its advantages and limita¬ 
tions. 

Mechanical Refrigeration 

1. The most widely uscjI of the four 
methods is mechanical refrigeration. It is 
the only one which provides positive 
means of control to obtain c,oinfort cooling. 
There are a numljer of variations in the 
construction and installation of this tyj)e 
of equipment, which may be classified as 
ffjllows: 

a. A self-contained unit within a room 

b. A self-contained unit within a room, 
using ducts and grilles for better air 
distribution 

c. Cooling sectif)!! within a room (with 
or without ducts), (joimected to a re¬ 
mote compressor 

d. A unit installed outside of the condi¬ 
tioned area, using ducts and grilles. 

2. At the present time there is a growing 


preference for self-contained units cover¬ 
ing small comfort cooling systems. This 
tyi)€ of unit has a definite place in small 
stores, restaurants, homes, apartments, 
single rooms, etc. The reasons for its in¬ 
creasing popularity can be listed as follows: 

a. Made on proihudir n basis; low initial 
cost 

b. Low installation cost; completely as¬ 
sembled at the factory, thus reducing 
installation to a minimum 

c. Attractive finish jiermits mounting 
within the conditioneil area 

d. Complete range of sizes available 

e. Isolated rooms may be treated 

f. Units are virtually portable. 

A self-contained unit consists of the fol¬ 
lowing parts contained in a single cabinet: 
compressor, conrlenser, receiver, direct ex¬ 
pansion coil, fan, filter ami controls. The 
unit can cool, dehumiilify, filter and circu¬ 
late air. In many cases ventilating, heating 
and humidifying are .also !ivailiLld(\ 

Self-contained units arii constructed 
with Imth air and water-cooled condensers. 
The air-cooled condenser requires a largo 
quantity of air that must be jiicked up out- 




Fig. 1. Floor Type of Self-Contained Unit (Air-Cooled Condenser) 
1635 1 
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Hide of the conditioned area, circulated 
through the high side, and discharged out 
of the area. It is necessary that this type of 
unit be installed at an outlet such as a 
window. Due to this limitation, the air¬ 
cooled, self-contained unit has been limited 
to the jl, i and 5-hp sizes. These units are 
generally referred to as room coolers. 

3. There are two general types of room 
coolers, floor and window models. In the 
floor model (Fig. 1) all the mechanism is in¬ 
side the room and the condenser air circu¬ 
lates through a short duct at the top rear 
of the unit. This type of unit will take 
some floor space but requires approxi¬ 
mately 6 in. of window space for con¬ 
denser air. The window model is a com¬ 
plete unit placed in a window (Fig. 2). The 
low side (evaporating coil, circulating fan 
and filter) is usually on the inside of the 
room, while the high side (compressor, con¬ 
denser and condenser fan) usually extends 
outside. Many designs have attempted to 
minimize the height of the window type, 
since a high unit cuts out a large portion 



of the window, reducing its lighting effect. 

Since the room cooler is designed for free 
air delivery, ducts should not be used. 
Dampers are usually provided for fresh 
air intake or exhaust discharge. The con¬ 
densate from the cooling coil is disposed 
of by evaporation, using the condenser air; 
this eliminates the need of a drain. Upon 
installation a unit of this type requires 
only an electrical outlet. The normal con¬ 
trol is by a manual switch with no provi¬ 
sions for thermostatic control with the 
unit. Most units are wired to operate the 
ventilating fan with or without a compres¬ 
sor. 

Room coolers can be designed to incor¬ 
porate heating by using the reverse cycle 
principle. Such a unit can provide heat for 
a single room in the spring or fall when the 
main heating plant is shut down. Since the 
refrigeration system is fundamentally a 
heat pump, removing the heat from the in¬ 
side and dissipating it to the outside, by 
reversing the cycle (that is, making the 
cooling coil the condenser and the con- 




Fig. 2. Sslf-CQntBlned Units 
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denser doing the work of the evaporator) 
heat can be pumped from the outside air 
into the room. Tlie heat thus dissipated 
would be two to four times the electrical 
energy input. The reverse cycle is limited 
in usefulness to an outside temperature of 
approximately 45 F. 

4. Self-contained units using water- 
cooled condensers are usually constructed 
in sizes of 1 hp or larger, and are commonly 
referred to as store coolers. These units 
come in a range of sizes as follows: 1, 2, 3, 
5, 7i, 10, and 15-hp. The most common 
are the 3 and 5-hp. It is difficult to dis¬ 
tribute satisfactorily large volumes of con¬ 
ditioned air from one outlet; thus store 
coolers larger than 5 hp are seldom used 
without ductwork. 

The larger self-contained unit (Fig. 3) is 
a complete air conditioning unit designed 
for installation within a conditioned area. 
It provides summer air conditioning, that 
is, cooling, dehumidifying, filtering, ventil¬ 
ation and air circulation. Winter air condi¬ 
tioning, heating and humidifying, can be 
provided if desired. 

The complete high and low side are con¬ 
tained within the store cooler. All electrical 
work is completed and ready for operation. 
The only connections required arc electri¬ 
cal and water service and sewage. The air 
intake and discharge grilles are arranged .so 
that they can be mounted on the front or 



Fig. 3. Complete Air Conditioning Unit Designed 
for Stores and Offices 


back of the unit as desired for each indi¬ 
vidual job. The discharge grille is pro¬ 
vided with adjustable louvers. 

When ducts are used the increased static 
pre.ssure can l>e compensated by increasing 
the fan speed by means of an adjustable 
drive pulley on the fan motor. 

A control switch is provided with "off,” 
"ventilating” and "cooling” po.sitions. 
When the switch is on the "ventilat¬ 
ing” position, the fans provide circulation 
of air but the compressor is not in opera¬ 
tion. At the "cooling’ position, the fan 
and compressor are in operation. The unit 
may be provided with a thermostat in the 
air stream and an adjustable control knob 
mounted on the outside of the unit. If a 
remote-type thermostat is required, it can 
be incorporated. 

]\Iean.: -d removing motor heat, and the 
heat of compression, must be provided. 
This is usually accomidisheil by passing the 
condenser water through a small finned 
cooling coil placed within the compressor 
compartment. The water passes through 
the cooling coil before it enters the con¬ 
denser. Since the larger self-containeil units 
are usually placed outside the conditioned 
area, the enclosure around the condensing 
unit is screened or perforated to allow cir¬ 
culation of air. 

A Standard (ASUF) Code for testing 
self-contained units (iiage (i7iS) has been 
ado])ted. Most manufacturers have rated 
their units under the coile conditions. For 
very rough c.stimating, the value of one 
ton per hp is sometimes used, but for exact¬ 
ing comparative values reference should be 
made to the manufacturer’s code ratings. 

5. In a semi-remote installation the low 
side is placed within the coiulitioned area, 
while the compressor is placed in a remote 
position. The range of sizes in this type of 
equipment is usually 1 to 10 tons. It is 
necessary to run refrigeration leads and a 
condensate drain from the unit. The suc¬ 
tion line and drain must be insulated to 
prevent dripping on a humid day. 

This setup has an advantage over the 
self-contained unit; since the compressor 
is remote, the noise level will be lower. 
These units are usually of the ceiling type 
which requires less valuable space than the 
floor unit. An evaporative condenser can 
be used if desired. A semi-remote unit is 
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seldom used with ductwork, but if a pres¬ 
sure-type fan is used, ductwork can be 
applied. 

6. In a remote installation (Fig. 4) both 
the high and low side are located outside 
the conditioned area, with ducts and grilles 
distributing and circulating the condi¬ 
tioned air. The compressor may be 
mounted in any convenient place, and an 
evaporative condenser may be used. This 
type of equipment usually ranges in capac¬ 
ity from i3 to 25 tons, as indicated in Table 
1. Units having a capacity up to 50 tons 
can be obtained. The self-contained unit 
discussed previously may be used for re¬ 
mote installations. 

Although remote installations may prove 
more expensive, they have definite advan¬ 
tages. Since all the air conditioning equijj- 
meiit is outside the conditioned area, the 
noise level is at a minimum. Better air dis¬ 
tribution can be obtained with ducts aind 
grilles and the ducts can be blended into 
an architectural design. 

It is difficult to determine the exact 
dividing line between the use of self-con¬ 
tained units and remote installations. The 
following factors will influence the final 
decision: Noise, cooling load, size and 
shape of tlie floor area, ventilation require¬ 
ments, decoration problems, initial equip¬ 
ment cost, installation and operation costs. 



Cold Water Units 

7. The use of cold water for a small air 
conditioning installation is not common, 
since it requires a large quantity of water. 
The water temperature must be below 60 
F to be effective. To find the quantity of 
water required, the following formula can 
be used: gpm X temperature rise of water 
X 500 =Btu per hr. 

As an example, let us assume a load of 
5 tons (60,000 Btu per hr) with 50 F water 
and a 6 deg rise in water temperature. The 
gpm required will be 60,000/(6 X 500) =20. 
The capacity of a cooling coil depends upon 
the coil temperature. Therefore the size of 
the coil for a given gpm and capacity will 
depend upon the amount and temperature 
of the water. 

The cooling unit using cold water as a 
cooling means is similar to the low side 
of a mechanical refrigeration system. It 
consists of the following elements: Fan 
and motor, filter and water coil, encased 
within a metal sliell. Three water connec¬ 
tions are required—water feed, water re¬ 
turn, and condensate drain. In units above 
15 tons in capacity, a water spray system 
is sometimes used, but for smaller systems 
a water coil is used. The unit is made up 
as a ceiling or floor type, the ceiling unit 
being more popular. It may be mountcil 
within the conditioned area or in a remote 
position. 

8. In all air conditioning jobs fresh air is 
desired, and in most instances it is a ne¬ 
cessity. The amount varies with the type 
and size of installation. For values, see 
page 618 covering load calculations. The 


HUMIDIFIER 



Fig. 4. Floor and Ceiling Low-Side Units 
for Remote Installations 



39. SMALL COMFORT COOLING SYSTEMS AND UNITS 


639 


Table 1. Typical Ratings of Low-Side Units 




(Refrigerant at 40 F, entering air 

at 80 F db and 67 F wb) 



Unit 

Air VDlum 

le, Coil face 

Number of 

Capacit}', 

S.H.R.i 

Leaving temp. 

number 

cfm 

area, sii ft 

stacks 

Btu/hr 

db 

wb 

1 

1,Z00 

3 

2 

27,200 

.68 

66 

60.0 




3 

37,300 

.66 

61 

57.1 




4 

46,000 

.65 

57 

54.5 




5 

53,000 

.64 

54 

52.3 




6 

59,000 

.63 

52 

50.4 

Z 

Z,000 

5 

2 

45,300 

. 68 

66 

60.0 




3 

62,400 

.66 

61 

57.1 




4 

76,600 

.65 

57 

54.5 




5 

BB,5dO 

.64 

54 

52.3 




6 

9B.3D0 

.63 

52 

50.4 

3 

3,000 

7-' 

• 2 

2 

68,000 

.68 

66 

60.0 




3 

93,400 

.66 

61 

57.1 




4 

li3,0D0 

.65 

57 

54.5 




5 

132,500 

.64 

54 

52.3 




6 

147,500 

.63 

52 

50 4 

4 

4,000 

10 

2 

90,500 

.68 

66 

60.0 




3 

124,300 

.66 

61 

57.1 




4 

153,000 

. 65 

57 

54.5 




5 

177,000 

.64 

54 

52.3 




6 

196,500 

.63 

52 

50.4 

5 

6,000 

15 

2 

136,000 

.68 

66 

60.0 




3 

187,000 

.66 

61 

57.1 




4 

230,000 

.65 

57 

54.5 




5 

265,000 

.64 

54 

52.3 




6 

295,000 

.63 

52 

50.4 

‘ S TI R. 

SciiHible 

, SRiisiblc heat 

Leal ratio \ - 

i otal liL'iit 






inlet must be so 

located as to insure 

the to 

750 fjjrn. If 

adflitional nf)ise riMl 

uctir)ii 

delivery 

of fresh, 

clean air, and .slioul 

d be i.s 

dc.sirerl, the 

ducts may 

bn liiHM 

1 with 


away from the Rrouiul to mininiizo dirt or acoustical matf 3 rial. 

(lust. This intake must be jirfiteciod by If the duct is connected directly to th(3 
louvers and a wire birtl screen and joined unit, makinn; a metal-to-inetal contact, any 

to the unit by means of a canvas connec- vibrations set up within the unit will be 
tion. transmitted to the duct and be objectifui- 

9. When ducts arc used, care must be able at a distant point. To prevent such 

taken to keep the noise level below an transmission of vibration, a canvas collar 

objectionable point. The movement of air should be connected close to the unit, Avith 

through a duct produces some noise, one or two inches of slack. The canvas 

which varies as the velocity of the air. If should not be painted. Complete data 

the sound caused by the air in the duct is covering ducts and their ap])licatitni can be 

below the sound level of the conditioned found in Chap. 15. 

area, no air noises will be heard. Where 10. In order to permit easy selection by 
there is already some noise, as in rcstau- untrained sales personnel, many manufac- 

rants and busy shops, the duct velocity turers have developed forms for rapid cal- 

should be designed for 1,U00 to 1,100 fpin. eolations of heat loads. These inethf)ds, 

Where the noise must be at a minimum, based on average conditions, will in general 

however, the maximum allowable is 650 give satisfactory results, but if there are 
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any unusual conditions the results are mis¬ 
leading. For accurate load calculations see 
Chap. 37. 

An undersize unit should not be used 
with the idea of getting a little cooling ef¬ 
fect. The result may be less comfortable 



> 1 



Fig. 5. Typical Air Introduction Methods 


than without a unit with the windows open 
to the breeze. It is not practicable to cool 
an adjacent room through an open door. 

Fig. 5 illustrates a number of methods of 
cooling a given area. Method A has no 
ducts, fresh air being obtained by means 
of an exhaust fan. A self-contained or a 
semi-remote unit may be used. Method B is 
the same, except that there is a positive 
means of securing fresh air. 


Method C is a remote installation re¬ 
quiring a minimum of ducts; it uses a 
single outlet and a single return. A self- 
contained unit or a built-up unit consisting 
of a separate low and high sides can like¬ 
wise be used. Method D is similar except 
that ducts and grilles are used, resulting in 
even air distribution, with the minimum of 
draft. If the size of the room warrants it, a 
return air duct can be used. 

Air Circulation and Ventilation 

11. The attic exhaust fan (Fig. 7) has 

proved popular as an inexpensive means of 
obtaining cooling eiTect in a home. While 
it cannot be called a substitute for com¬ 
plete air conditioning, its principle is sound. 

The maximum temperature during the 
day usually occurs between noon and 4 
p.m. During this time a considerable 
amount of heat is stored up in the con¬ 
struction material of the building. If the 
air in the attic is not circulated, tempera¬ 
tures as high as 130 F are common. After 
sunset the outdoor temperature begins to 
drop, with the lowest temperature occur- 
ging between midnight and 6 a.m. The 
difference between the maximum and mini¬ 
mum temperatures during the day varies 
from 15 to 20 deg F. The heat tliat is stored 
in the building materials is slowly dissi¬ 
pated during the night. 

The attic fan should be started after 
sundown to draw cool air from the outside 
and circulate it through the house. The in¬ 
door temperature is lowered quickly and 
the movement of air also has a cooling ef¬ 
fect on human bodies within. 

There can be no set method of adjusting 
and controlling the air flow as each house 
differs in construction. It is advisable in 
those rooms to be cooled to open the win¬ 
dows most distant from the fan. It may be 
necessary to close or partly close other 
windows. 

Care must be exercised in selecting the 
proper fan size. To obtain best results a 
fan should be selected to give one air 
change of the entire area in two to four 
minutes. This quantity of air will be suffi¬ 
cient to cause a gentle breeze through the 
area. 
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Fig. 6. Outline of Psychrametric Chart with Desert Comfort Zone 


Evaporative Cooling 

12. In areas wliere the air is very hot 
and dry it is possible to reduce the dry- 
bulb temperature by passiiif; air over a 
wetted surface. The evaporation of the 
water requires heat; as the air touches the 
moisture, the heat necessary to evaporate 
the water is taken from the air so that the 
temperature of the air is lowered. How¬ 
ever, the sensible heat is converted into 
latent heat. Thus total heat and the wet 
bulb temperature of the air remain un¬ 
changed. 

If the outside air is very dry, a con¬ 
siderable reduction in dry bulb tempera¬ 
ture will be obtained and at the same time 
the moisture content may not rise high 
enough to be objectionable. By studying 
the psychrometric chart (Fig. 6), this prin¬ 
ciple may be illustrated. Point A may be 
taken as outside air conditions. Point B 
represents a desirable air condition leaving 
the cooler. Point C might be a suitable air 
condition for discharge from the house. 
Point D represents an unsatisfactory con¬ 
dition in the last room being cooled. The 
maximum air cooling from conditions at A 
with this system is shown by point E. The 
line E to F then represents air travel 
through the house and is not satisfactory 


for human occupancy. Another outside air 
condition possible is shown by A'. The 
points B', (y, D', ly, and F' represent the 
corresjionding conditions that might be ex¬ 
pected from the operation of suidi a cooler. 
No condition reached from A' wouhl be 
satisfactory. 

If the air leaving an evaporative cooler 
is recirculated, the wet bulb temperature 
would continue to increase and wouhl re¬ 
sult in unsatisfactory conditions. There- 



Fig. 7. Air CirculatiDD in House 
with Attic Fen 
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EVAPORATIVC AW TU 



Fig. B. Evaporative Cooler Unit, Showing 
Possible Air Movement 


fore, friish out.siclo air should be used with 
no reeireuhitioii. This tyjDe of unit cannot 


be used in damp climates because the mois¬ 
ture content of the air leaving the unit is 
very high, thus raising the humidity above 
the comfort level. 

Indirect evaporative coolers have been 
used to give a more positive cooling effect. 
This is accomplished by passing one air 
stream by a wetted surface to lower the 
dry-bulb temperature (Fig. 8). This air in 
turn is used to cool a separate air stream, 
with which it docs not come in contact; 
thus the moisture content of the condi¬ 
tioned area remains unchanged, while the 
dry-bulb temperature is reduced. Since 
there must be a considerable difference be¬ 
tween dry bulb and wet bulb, the indirect 
evaporative cooler is limited to dry clim¬ 
ates. 

Evaporative cooling is definitely limited 
in usefulness and cannot be called a sub¬ 
stitute for complete air conditioning. 


40. CONTROL OF AIR CONDITIONS 


T his chapter deals mainly with systems 
of control, but also touches upon the 
important related mechanical character¬ 
istics of mechanical equipment and of in¬ 
dividual control devices. The material is 
taken from control problems which have 
been developed and solved in the field. 

Load Characteristics versus 
Comfort Conditions 

1. Air conditioning load includes heat 
gain from outside, sun heat through win¬ 
dows and wall surfaces, ventilation air, and 
various forms of internal sensible heat, 
such as light, power equipment, office 
machines and people. In addition, humid¬ 
ity load is introduced by ventilating air, by 
infdtration and by people or other internal 
sources. Rather wide ratios of sensible load 
h, to humidity load fiL are experienced in 
the normal variation of these factors. In 
general, the lu/hL ratio increases with the 
severity of the air conditioning load, par¬ 
ticularly so where outside weather condi¬ 
tions have a large influence (see Chap. 11). 

Both sensible cooling and dehuinidifying 
are accomplished at the same time by the 
usual surface-type air conditioners. Their 
ratio depends on psychromctric conditions 
which impose certain limitations. Comfort 
systems are usually designed to maintain 
temperature below a certain maximum at 
peak load. Comfort requirements dictate 
that temperature must not drop below a 
certain minimum. In controlling humidity 
as well as temperature, the control system 
must operate within these limits of dry- 
bulb temperature. For example, in an at¬ 
tempt to reduce relative humidity, it is 
not permissible to operate the equipment 
to cool below the limit selected, even 
though some air conditioning equipment 
will actually cause relative humidity to 
rise while the air conditioner operates at 
low dry bulb temperature. 

Adjustment of Conditioning 
Equipment to Load 

2. Reduction of the air velocity over the 
coil by changing the amount of air circu¬ 


lated or by bypassing some air around the 
coil automatically, as the cooling load de¬ 
creases, reduces the sensible capacity with¬ 
out a corresponding decrease in moisture 
removal. Usually a satisfactory liuinidity 
may thus be reached before the dry bulb 
temperature falls to the low limit. In using 
the former method, distribution of air 
within the space must be properly main¬ 
tained at the low'cred velocities. 

Sensible heat msy be added anywhere in 
the system, except in the return air ducts, 
to providf^ TcheMt and ofTset the low opera¬ 
tion required to didmmidify. Reheat may 
be by steam, electricity, hot water or con¬ 
densation of the refrigerant ami is nor¬ 
mally controlled by return air tempera¬ 
ture, on comfort installations, or from rise 
in humidity in cases where a higher tem¬ 
perature is either allowable or required. 

The equipment ca])aeity at light load is 
extremely important where a schedule of 
inside temperatureH against outsiiie tem¬ 
peratures is set up by controls. Pnielically, 
it is impossible for equipment to follow 
rapid outdoor temperature changes, and 
under certain conditions more nominal re¬ 
frigeration capacity is required to maintain 
the inside temperature equal to the out- 
sirle at, say, 75 F, than to maintain a 15 
deg differential at 90 F outside. 

Compressor capacity may be controlled 
on individual units by the use of unloading 
or bypass valves. Two to three steps of 
capacity are often employed for a single 
compressor. Likewise, where several com¬ 
pressors are employed, they may be started 
and stopped in any order desired to give 
the required steps of capacity. In many 
cases, multiple compressor installations 
may also employ bypass valves on the in¬ 
dividual compressors. In controlling such 
systems, care must be taken to provide 
sufficiently wide steps of change in the re¬ 
frigerated medium to prevent short-cycling 
from one step of capacity to another. 

For example, in a system like Fig. 1, if a 
given step of capacity reduction U called 
into play at water temperature of, say 
40 F, while the capacity will be restored at 


1643] 
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Fig. 1. Operation of Step Control of Capacity 


AMGULAR POSITION OF STEP 

controller shaft when 
TfWPERATL'RE OR PRESSURE IS 
AT LOW CONTROL POINT 


<1 


'ON" 


///y POSITION OF STEP 

'controller SHAFT WHEN 
TEMPERATURE OR PREiSURE IS 
AT HIOH control POINT 

^|Clj,INt^g[[TWIIN SUCCESSIVE STEPS 


Fig. la 

water temperature of 40.5 F, it is impor¬ 
tant that the reduction of refrigeration ca¬ 
pacity shall not immediately result in a 
water temperiiturc rise of 0.5 F. When 
step-controllers operate multiapeed com- 
presaors to adjust capacity similar prob¬ 
lems exist, but proper analysis results in an 
extremely flexible and satisfactory installa¬ 
tion. 

The proper positions for making and 
breaking of switches which operate the 
various capacity steps for application to 
this type are shown in Fig. la. Five steps 
of capacity are shown, but the same 
principles apply for any number. Note 
that the "on" and "off" points are 
grouped at the end of the step controller 
travel and that the differential of the 
controllers has been adjusted just wide 
enough BO that short-cycling from one 
step to another does not occur. 

If pneumatic controls are used for step 
operation, a similar sequence is obtained 
by proper adjustment of the pressure con¬ 
trols for each step of capacity. 

Application Principles 

3. In applying controls, attention to a 
few basic principles is important for best 
results. A control instrument can react 


only to the air immediately 
surrounding it. Where 
loads are dissimilar in vari¬ 
ous parts of the building, 
separate zones should be 
set up. This may be caused 
either from unequal ex¬ 
posure or unequal internal 
loads. For example, see 
Fig. 2. In this L-shaped 
building, zones 1 and 2 are 
never exposed to the sun, 
while zones 3 and 4 are ex¬ 
posed at different periods 
of the day. However, on 
the top floors of the build¬ 
ing, zone 1 may have sun 
for a period early in the 
morning. This would call 
for at least three zones in 
the lower floors and four 
zones in the upper floors 
of the building. Corner 
rooms such as 5 may often 
be served partly from each 

adjoining zone. 

In direct-expansion systems, the com¬ 
pressor should not be allowed to operate 
unless the fan of the conditioning unit is in 
operation. Likewise, in a water cooler, the 
compressor should not operate unless the 
circulating pump of the water cooler is 
operating. Proper wiring between fan or 
pump starter and compressor starter will 
provide this feature. 

In addition, it is often desirable to pre¬ 
vent outside air from entering the condi¬ 
tioner, particularly in the in-between sea¬ 
sons when freeze-up might occur. Where 



Fig. 2. Zoning of BuildingB 
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manual control is not satisfactory, this 
may be accomplished automatically with 
an electric damper motor which closes 
when the fan is off, or by a pneumatic con¬ 
trol system using a solenoid valve in the 
air line to the damper motor. In either 
case, de-energizing the fan closes the out¬ 
door air damper. 

Sizes for modulating valves controlling 
steam or hot or cold water to coils must be 
chosen for the actual load, and not simpl}'^ 
by reference to the size of existing connec¬ 
tions. An oversize modulating valve can¬ 
not provide proper control. In modulating 
or floating i-ontrol systems, particularly 
those in which several steps of compressor 
capacity are employed, enough change in 
temperature of the controlled medium 
must be allowed wdthin the control range 
to prevent short-cycling or hunting. 

Positive positioning of Llampors or 
valves on either electritially or pneumat¬ 
ically operated controls is important for 
best operation of any system. It is now 
available with pneumatic systems as well 
as wdth electrically operated devices. 

Where automatic changeover from sum¬ 
mer to winter is to be provided under au¬ 
tomatic control, it is important to have a 
dead spot between the heating and cooling 
functions. That is, there should be some 
period of inoperation in both heating and 
cooling betw^een the point at which the con¬ 
trols will call for heating on one end of the 
scale or cooling on the other. Otherwise, 
serious cycling from one function to the 
other will occur. 

Where refrigeration storage is employed, 
the proper time cycle is often established 
by an automatic timer. Sufficient time 
should be allowed in the morning to pick 
up the conditioning load well before any 
heavy load increase in the conditioned 
spaces. 

Typical Control Systems 

4. The control systems here shown are 
taken from actual installations and illus¬ 
trate some common control methods for 
both large and small jobs. All figuri^s are 
schematic, control functions being ob¬ 
tained by either electric or pneumatic de¬ 
vices. A single line connecting controls 
represents as many wires or pipes as the 
apparatus r^uires. The source of power is 


not shovm, nor are safety controls such as 
high and low-pressure cutouts for the com¬ 
pressors. 

Some of the systems shown in which 
controls automatically aff'ect the compres¬ 
sor capacity arc generally arranged on the 
larger installations for manual starting and 
stopping of the compressors, the only au¬ 
tomatic function being capacity adjust¬ 
ment or emergency shutdown by the safety 
controls. 



Fig. 3. Relative Amounts of Outdoor 
and Return Air 


It is impossible to illustrate all combina¬ 
tions of apparatus and control, but the 
diagrams shown illustrate the common 
prolilems involverl, and may serve as the 
basis for building through cornbijiations 
with other aj^paratus to provide any of the 
common control setpiences. For simplicity, 
control of the relative amounts of outdoor 
and return air are not shown on the sep¬ 
arate figures, except when outdoor air con¬ 
trol is tied in with other control functions. 
However, the system of Fig. 3 may be used 
on ino.st air conditioning systems or units. 
Referring to this figure, the modulating 
motor operates both the oiitdfjor air and 
return-air dampers. The linkage is so ar¬ 
ranged that as one damper opens, the other 
close.s. The motor is interconnected with 
the fan starter so that whenever the fan is 
not running, the outdoor air dampers will 
automatically close. 

When the fan runs, the outdoor tempera¬ 
ture controller positions the motor. The 
settings of this temperature control arc so 
arranged that at, say, 65 F outdoor air 
temperature, the maximum airiount of out¬ 
door air is introduced, and as the tempera¬ 
ture rises above this value or falls below it, 
the portion of outdoor air is reduced. 
Proper settings of the thermostat result in 
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a maximum of economy through the in¬ 
troduction of greater than the minimum 
amount of outdoor air whenever it can 
assist in cooling the space. 

The ininimuin amount of outdoor air re¬ 
quired for the number of people in condi¬ 
tioned areas can be adjusted by a manual 
switch so that this minimum will always 



be introduced except when the fan is not 
running. Where necessary, a second damp¬ 
er motor can simultaneously control ex¬ 
haust dampers. This is often required in 
localities where larger quantities of outdoor 
air can be introduced economically for long 
periods of time. 

Ill localities where excessively long pe¬ 
riods of high relative humidity arc likely to 
recur frequently, the motor position may 
also be affected by an outdoor humidistat 
(not shown) to prevent introducing large 
quantities of cxeessively humid air. This 
control arrangement depends somewhat on 
the flow characteristics of the dampers em¬ 
ployed, to produce the desired mixed-air 
temperatures, but in general wdll give more 
uniform results than a thermostat located 
in the mixed air, unless the bulb of such a 
thermostat can be placed in the fan dis¬ 
charge. This is because of the difficulty of 
liiidhig the proper location for the bulb in 
the mixed-air stream ahead of the heating 
or cooling equipment, so that it will be af¬ 
fected by the true average temperature. 

It is obvious that where this or similar 
control systems control outdoor air in the 
wdiiter, the heating and cooling coils must 
be of the non-freeze type. 


Types of Systems 

A. Control of Simple Chilled Water Unit 

5. One of the simplest methods of con¬ 
trolling a single unit cooled by chilled 
water is through the use of face and bypass 
dampers as in Fig. 4. The damper motor 
controls these dampers so that as the by¬ 
pass dampers open, the face dampers close. 
Wlien wide open bypass dampers are not 
large enough to supply the full quantity of 
air to a system, it may be necessary to posi¬ 
tion the face dampers so they will not close 
completely in order that full quantity 
of air can get to the fan. An auxiliary 
switch on the damper motor operates to 
close a valve in the chilled water supply 
to the coil when the face dampers are 
completely closed and open it as soon as 
the face dampers start to open. 



Fig. 5. Simple Control for Direct-Expansion 
Systems 


This valve is an economy feature par¬ 
ticularly desirable on well-water systems, 
where the water passing through the coils 
is w^asted. However, it also saves consid¬ 
erable operating cost where units are 
served from a central water cooler. The 
damper motor itself is controlled by a tem¬ 
perature control in either the return-air to 
the unit or in the conditioned space. Usu¬ 
ally the valve in the water supply is of the 
two-position type, since this results in 
better dehumidification under light load 
conditions. 

Systems of this type employing modulat¬ 
ing valves may suffer from lack of dehu- 
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mi did cation at light loads unless the modu¬ 
lating range is held within the earlj' part 
of the opening of the face damper. 

B. Simple Control System for Direct-Ex¬ 
pansion Unit or Central Systems 

6. Fig. 5 shows a system somewhat sim¬ 
ilar to that of Fig. 4, but adapted for di¬ 
rect-expansion installations. As in the 
previous system, a return-air thermostat 
operates the damper motor which positions 
the face and bypass dampers. 

Where only one or two units are cooled 
by a single compressor, the linkage to the 
damper motors should be so arranged that 
the minimum closure of the face dampers 
will permit enough air to pass over the coil 
to maintain a desirable suction pressure, 
one which will not cause serious frosting 
of the coil. 

Frosting may be eliminated when com¬ 
pressors are equipped with unloading 



INSIDE TEMPERATURE 


Fig. 6. Desirable Inside Temperatures 

mechanisms which prevent low suction 
pressure, such as shown in Fig. 14. 

When a single cooling unit operates 
from one compressor, an auxiliary switch 
on the damper motor may be employed to 
start and stop the compressor as shown. 
Either the damper motor itself or the com¬ 
pressor motor starter should take its power 
through the fan starter so that the system 
cannot run until the fan is operating. If the 
system is wired in this way, the damper 
motor must be of the automatic closing 
type. 

Where several units operate from a sin¬ 


gle comp»-essor, the auxiliary switch from 
the damper motor may alternately be con¬ 
nected to control a valve in the liquid line 
to the individual unit. This arrangement 
is not shown, but its utility is obvious. 

A direct-expansion arrangement with 
the bypass controlled in this manner or¬ 



dinarily gives relatively good humidity 
conditions at light loads. When the cooling 
equipment is carcdully si/eil to the load 
conditions, it is often possible to enq)h)y a 
rather large dilTereiitial in the return-air 
thermostat U) obtain some fluctuation in 
the temperature in thi‘ fsonditioneil spaces 
as the load varies. In this way, on the 
warmer days when tlie load is usually high¬ 
est, the temperatures will be highest, and 
on the cooler days whim the load is least, 
the tcnqieratures will be at the lower end 
of the range. This is desirable, since it 
serves to vary the ililTercntial between in¬ 
side and outside, according to weather con¬ 
ditions. 

C. Outdoor Compensation 

7. For short-time occupancy, it may be 
desirable to vary the inside conditions in 
proportion to outside temperature to re¬ 
duce entering and leaving sensations of the 
people who come into the conditioned 
space. This also is often done for somewhat 
longer periods of occupancy, such as 
theaters and office buildings, but the varia¬ 
tion is usually not so great in these cases. 

Fig. 6 shows desirable inside tempera¬ 
tures for use with various outside tempera¬ 
tures, found to produce reasonable degrees 
of comfort in the nurthern and central 
zones of the United States. Such a schedule 
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may be set up automatically by means of 
a control system such as that in Fig. 7. 

The outdoor temperature controller 
measures the outside temperature and de¬ 
termines the point at which the inside 
temperature controller will call for cooling 
if a two-position control is employed. If 
modulating control is used, the modulat¬ 



ing range through which the valve will be 
positioned by the inside controller is 
varied. The return-air thermostat of Fig. 7 
operates a valve to control the amount of 
cooling fluid admitted to the coil. Alter¬ 
nately, it could of course start and stop the 
compressor of a direct-expansion system. 

As previously mentioned, inside tem¬ 
peratures cannot be expected to follow 
outdoor temperature fluctuations rapidly. 
Many engineers do not consider it desir¬ 
able that they should. However, this type 
of control system will follow day-to-day 
trends in outdoor temperature, and has the 
advantage that when outdoor tempera¬ 
ture is low, a lower inside temperature is 
held, which normally results in better rela¬ 
tive humidity conditions. 

D. Modulating Control with High Rela¬ 
tive Humidity during Light Loads 

8 . The advantages of modulating con¬ 
trol of the cooling fluid are fairly obvious, 
since rapid fluctuations in delivered air 
temperatures are eliminated, resulting in 
less disturbance to air distribution within 
the conditioned spaces and contributing 
to improved comfort. But where chilled 
water or brine is used as the cooling me¬ 
dium, the average temperature of the water 
in the coil is raised as its flow is throttled. 
This results in a smaller proportion of de 
humidification, and on jobs where high 


humidities may be troublesome, uncom¬ 
fortable conditions may be encountered, 
particularly at light loads. 

To overcome this, the system of Fig. B 
may be employed. The return-air tempera¬ 
ture controller ordinarily operates to mod¬ 
ulate the motorized valve to control the 
flow of cold water through the cooling coil. 
However, if the humidity rises to a prede¬ 
termined high value, the humidLstat 
causes the remote-bulb temperature con¬ 
troller to operate the valve in a two-posi¬ 
tion manner and thus provides a maximum 
of dehumidification during the cooling pe¬ 
riod, and yet the system is prevented from 
cooling to too low a temperature by the 
temperature controller. 

In this way, the advantages of modulat¬ 
ing control are maintained as long as 
practical, and the system reverts to two- 
position control whenever greater deliu- 
midification is required. This system may 
also be used with direct-expansion coils by 
means of modulating attachments to the 
expansion valves or modulating liquid 
valves, but it should be noted that on most 



such systems, it is not necessary to revert 
to two-pDsition operation, since the suction 
pressure automatically reduces as refriger¬ 
ant is throttled, due to the re-established 
balance between coil capacity and machine 
capacity, which provides a greater ratio of 
dehumidification. The amount of reduction 
in suction pressure which is permissible is 
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limited by the lowest practical coil tem¬ 
perature, and hence, even on direct-expan¬ 
sion systems, it is sometimes desirable to 
revert to two-position operation when 
humidity is high. 

E. Air-Washer Control 

9. Many medium and larger-sized sys¬ 
tems employ air washers instead of ex¬ 
tended surfaces for cooling. The degree of 
automatic control employed with air- 
washer equipment has increased in recent 
years, and Fig. 9 shows a fairly complete 
control of the cooling cycle of an air- 
washer system. The outdoor air control 
shown in Fig. 3 could be applied very 
nicely to an air washer of this type, par¬ 
ticularly during the cooling cycle. Cold 
water could be supplied from a system such 
as that shown in Fig. 1. There are times 
when a face damper located completely 
across the face of the air washer is neces¬ 
sary to obtain proper air pressure relation¬ 
ships so that the amount of air bypassing 
can be controlled. 

The pump sprays water into the air 
stream, from which it is collected in the 
pan and returned to the pump suction. A 
three-way mixing valve is controlled by 
dew-point temperature controller Ta. This 
valve mixes the cold supply water and the 
water from the pan to give a constant dew 
point to the air leaving the eliminator 
plates. This occurs since the air is j)rac- 
tically saturated in passing through the 
air washer and hence the temperature of 
the air equals its dew point. 

The temperature within the conditioned 
space is controlled by return-air and bypass 
dampers operated by the damper motor 
Ml, controlled by the return-air tempera¬ 
ture controller Ti. 

With this much control, the relative 
humidity attained in the space will vary 
somewhat, since smaller quantities of air 
pass through the sprays and are treated to 
the same dew point temperature at light 
loads. Where it is necessary to overcome 
this to give a more constant relative hu¬ 
midity, the hJhL ratio can be varied con¬ 
siderably by compensating the action of 
the dew point controller through a humid¬ 
ity control Hi, located in the conditioned 
space. This control measures the relative 
humidity in the space and determines the 


dew point to be maintained by T,. The 
higher the relative humidity, the lower the 
dew point produced by the combined ac¬ 
tion of the three-way mixing valve and 
temperature controller T^. Also, Tj and Hi 
could control a straightway valve in the 
cold water supply line with a check valve 
in the pump suction from the pan, and 
obtain the same results as with a three-way 
valve. 

With this type of control, the lowest 
hjhi ratio attainable is determined by the 
lowest cold-water supply temperature ob¬ 
tainable. 

F. Blower Type Zone Installation 

10. Fig. 10 shows a system suitable for 
some of the larger zone jobs employing a 
central blow-tliroiigh type fan. With this 
arrangoiiioiit it is usually practical to con¬ 
trol the outdoor air and return-air damp¬ 
ers from the mixed-air temperature so that 
when no cooling or heating is required, the 
proportion of the two will be such as to 
give 05 F air whenever such a mixture is 
possible. The minimum outdoor air quan¬ 
tity would ordinarily be set by a manual 
switch and the outdoor air damper motor 
should be so cuiinected that when the fan 
IS stopped, tile outiloor air danijiBrs are 
closed tightly. 

The temperature of the air leaving the 
fan will be at, say, 05 F, whenever out¬ 
door air is sufUcieiitly cool to produce this 
low a temperature in the mixture. Other- 
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wise, it will be at some higher value. This 
air is delivered through a duct system to 
the separate zones 1, 2 and 3, in each of 
which is located a cooling coil, The cooling 
provided by each coil is controlled by a 
room thermostat located in the correspond¬ 
ing zone. 

Such a system might be very applicable 
to a building such as that shown in Fig. 2. 
The separate zones may be controlled 
either from modulating or two-position 
room thermostats, and individual coils 
may be equipped with bypass around the 
coils wherever desired. When so used, sat¬ 
isfactory temperature and relative humid- 



Fig. 11. Compressor Capacity Control 


ity conditions should be experienced over 
normal ranges of load. 

This system is also used for heating 
where zoning is necessary, by having the 
individual room thermostats control modu¬ 
lating steam valves on individual heating 
coils in the various ducts. 

A common variation of the system 
shown on Fig. 10 is to use a fan discharg¬ 
ing from a central duct system to indi¬ 
vidual zones where booster fans, individual 
air heaters and supply and bypass damp¬ 
ers are employed. This arrangement helps 
to reduce duct sizes in buildings. 

On some installations, both cooling and 
heating coils are employed, so that the 
same system performs the dual function of 
heating and cooling. From the control 
point of view, it is better to have the air 
flow first through the cooling coil and then 
through the heating coil unless other con¬ 
siderations make this arrangement im¬ 
practical. When this is done, it becomes 
entirely practical to heat in some zones 


while cooling in others or to cool whenever 
it is necessary to keep the humidity low 
in a given zone and to provide reheat in the 
heating coil of that zone to prevent ex¬ 
cessive lowering of temperatures. Reheat 
could also be supplied by utilizing the 
waste heat of the condenser gases or the 
heat in the condenser water. 

G. Control of Compressor Capacity for 

Zone Systems 

11. Various methods are employed with 
zone systems such as that shown in Fig. 10 
to vary compressor capacity. Compressor 
bypass valves, clearance pockets or two- 
speed motors may be automatically con¬ 
trolled to vary capacity, or a number of 
units of different horsepower may be used 
to provide various steps of capacity under 
automatic control. Fig. 11 shows a system 
of the latter type in which one compressor 
is twice the capacity of the other. By turn¬ 
ing on the smaller, then starting the larger 
and stopping the smaller, and then adding 
the smaller compressor, three steps of ca¬ 
pacity are possible with only two compres¬ 
sors. 

A step-controller is ordinarily employed 
to produce this sequence of capacity. The 
step-controller may be operated in re- 
si)onBe to suction pressure where conditions 
permit. However, there is less danger of 
short-cycling any of the steps of capacity 
if they can be cut in and out from room 
conditions. 

The system of Fig. 11 accomplishes this 
as follows. The room thermostats in the 
separate zones have a cumulative effect on 
the step-controller M so that the greater 
the demand for cooling, the greater will be 
the compressor capacity employed. At the 
same time, these thermostats in individual 
zones can control motors M on face and 
bypass dampers, which in turn can close 
valves in liquid lines to the individual cool¬ 
ing units if required. 

This control system assures that the re¬ 
frigeration capacity shall approximately 
match the load conditions. The position of 
the step-controller represents the sum of 
the loads in the various zones, and since 
these loads change rather slowly, the dan¬ 
ger of short-cycling from one step of ca¬ 
pacity to another is largely eliminated. 
It is well to protect a system of this type 
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from low suction pressure by a suction 
pressure switch, independent of the other 
controls. 

The adjustment of the step controllers 
for applications of this type in which the 
summation of the total load is measured, 


that the mechanism can be allowed to re¬ 
spond to very small changes in suctitm 
pressure and thus any desired pressure can 
be accurately obtained whether the com¬ 
pressor has one, or ten, or more cylinders. 

Ihe dotted lines of Fig. 14 show the 
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should be as shown in Fig. 12. Note that 
this differs materially from the applica¬ 
tion discussed relative to Fig. 1. 

For pneumatic controls, the same oper¬ 
ating sequence should be followed. 

This method of controlling the step-con¬ 
troller is just as applicable when con¬ 
trolling compressor bypass valves or a 
multi-speed motor on a single compressor. 
If one zone has a greater load than another, 
the effect of its associated thermostat on 
the step-controller can be correspondingly 
greater than tliat of other zones. 

Alany compressors are now equipped 
with capacity control which unloads the 
individual cylinders successively by hold¬ 
ing oi)en their suction valves. This action is 
usually resi)onsive to suction pressure, and 
thus the adaptution of compressor capac¬ 
ity to load is automatic. A typical mecha¬ 
nism of this type is shown in Fig. 14. An 
outstanding advantage of this method is 


addition of pneumatic control equipinenl 
to vary the operatnig surtion pressure in 
response to tcm))eraiiire or hiiinidity as 
measured in the coiiditiontMl siiaces, or 
wherever else desired. Similar nnians for 
adjusting the sLu fcioii jiressure with elec¬ 
trical controls niM,y be used. 

H. All-Year System 

12. Fig. 13 shows a typical all-year sys¬ 
tem. Outdoor air and rcdiurii air .are pro- 
portionerl according to tlic ileinand of tem¬ 
perature controllers T 2 and T.^, so that 
when outdoor temperature is either aliove 
or below a mean value, tlie amount of mit- 
door air is decreased until tin? minimum 
set by Si is reacheil. 

The cooling cycle is controlloil by Ti 
and Hi in the return air. The face and by¬ 
pass dampers of the coil are alTecteil only 
by the temperature of the return air, so 
that a definite low limit for the cooling 



Fig. 13. Typical All-Year System 
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Fig. 14 


cycle ia provided. As the temperature 
nears its low limit, the cooling fluid to the 
coil is throttled for economy by Ti. 

At any time when humidity is high, the 
humidistat IIi keeps valve V 2 open to pro¬ 
vide a greater ratio of dehumidification. 
If reheat is available all year, V 2 may be 
connected to Mi to open the bypass damp¬ 
ers at least to a minimum position when¬ 
ever V 2 opens wide, as by humidistat 
action. Turther reduction in temperature 
causes return-air controller Tb to begin to 
open the heating valve Vi and provide the 
necessary heat to maintain constant tem¬ 
peratures. Usually a discharge temperature 
control Tj is required in the winter time 
to prevent the discharge of air at an un¬ 
comfortably low temperature. 

In the cooling cycle, this thermostat 
will sometimes need to be made inopera¬ 
tive, which can be done by a manual switch 
or by extra contacts in T which operate 
on a temperature rise somewhat above 
the point at which the heating valve closes. 

This system, with the proper settings of 
Ti and T, can be made to give automatic 


changeover from heating to cooling, but is 
also adaptable to manual changeover by 
the addition of the proper manual switches. 

Winter humidity control can be sup¬ 
plied by the addition of humidifying 
sprays, pan-type humidifiers or other hu¬ 
midifying equipment, controlled by a re¬ 
turn-air or space humidistat. Humidifying 
equipment, like the outdoor air motor, 
should take its power from the fan power 
supply so that it cannot operate except 
when the fan is running. 

I. Refrigeration Storage 

13. Since many air conditioning systems 
have rather short peak loads cither from 
weather or occupancy, smaller refrigera¬ 
tion equipment can adequately condition 
such spaces if storage for refrigerating ef¬ 
fect is provided and the smaller equipment 
allowed to run at least a portion of the 
time while cooling is not actually required. 

Two types of systems are used—one in 
which a water cooler, such as shown in 
Fig. 1, is used to chill water and store it 
at above freezing temperature in a large in- 
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sulated storage tank. In this case, a con¬ 
trol system such as shown in Fig. 1 can be 
used for the control of the refrigeration 
equipment. The thermostat in the water 
supply line to the units and storage tank 
is onlinarily set somewhat lower than 
would otherwise be the case. Control of 
the individual units can be accomplished 
from any of the systems applicable which 
are mentioned above. 

In the second system, a special type of 
water cooler is employed, in which ice may 


be accumulated without danger of burst¬ 
ing tubing or otherwise damaging the 
cooler. In this case, control of the compres¬ 
sor is accomplished either from a remote- 
bulb temperature controller with the bulb 
so located with respect to the evaporator 
in the water cooler as to limit the thickness 
of ice formation, or it may be controlled 
from a timed cycle so that during a certain 
period of time, say at night, the refrigera¬ 
tion compressor will run continuously to 
build up ice. 
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41. Glossary of Refrigeration—B. H. Jennings. 657 

The definitions of this glossary have been freely drawn and cross 
checked from many authoritative sources, and it is hoped the glossary 
represents usages accepted by the refrigeration industry. In preparing 
this glossary, the editor has received invaluable help from many indi> 
viduals with the suggestions of Messrs. Glenn Muffly, F. H. Faust, 

Gayle B. Priester, and L. C. Bastian being most extensive. 
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absolute zero—the zero point on the absolute 
temperature scale, 459.7 degrees below the 
zero of the Fahrenheit scale, 273 16 de¬ 
grees below zero on the Centrigrade scale. 

absorbent—a material which has the ability 
to tajee uj) water vapor nr some other vapor 
but which changes chemically, physically 
or both, during the cycle. Calcium chloride 
is an example of a solid-liquid material, 
while liquid materials include solutions of 
litliiiim chloride, lithium bromide and the 
ethylene glycols. 

absorber—a device containing liquid for ab¬ 
sorbing refrigerant vapor or other vapors. 
In an absorfition .system that part of the 
low side ii.ned for absorbing refrigerant 
vapor. 

absorption—a process whereby a liquid sub¬ 
stance can act in such manner as to receive 
another liquid or gaseous fluid which in 
turn becomc.s part of the coiniiioii resulting 
solution. 

absorption system—a refrigeration sy.stem in 
which the refrigerant gas evolved in the 
evaporator is taken up in an ab.sorber and 
released in a generator upon the applica¬ 
tion of heat. 

acceleration due to gravity—tlie rate of in¬ 
crease in velocity of a freely falling body 
ignoring the buoyant effects of the air. Its 
value varies with latitude and elevation. 
The International Standard taken at sea 
level and 45 rieg latiturle is !)8().665 luii per 
second per second or 32.174 ft per second 
per second, symbol (y). 

access doors—doors provided in a unit to 
permit inspection of the inside, as of 
plenum chambers. 

accumulator—a storage chamber for low-side 
liquid refrigerant. 

activated alumina—a form of aluminum 
oxide which absorbs moisture readily and 
is used as a drying agent. 

adiabatic process—a thermodynamic process 
during which no heat is extracted from or 
added to the system. 

adsorbent—a material which has the ability 
to cause molecules of gases, liquid.s or solids 
to adhere to its internal surfaces without 
changing the adsorbent physically or 
chemically. Certain solid materials such as 
silica gel, activated carbon and activated 
alumina have this property. 

adsorption—the adherence of molecules of 
dissolved substances, gases or liquids to 


the surfaces with which they are in con¬ 
tact. 

aeration—a term generally employed with 
reference to air circulation or ventilation. 
In milk cooling a method where the milk 
flows over refrigerated surfaces exposed to 
the atmosphere. In ice manufacturing a 
misnomer for agitation by means of air. 
agitator—a device causing turbulent motion 
in a fluid confined in a tank, 
air-agi^atlon system—a combination con¬ 
sisting of a powcr-flriveii l)]owi'r, distribut¬ 
ing piping and flexibly connected fittings 
for delivering air to the water in ice cans for 
the purpose of agif ating the water and pro¬ 
moting tlui pio»hii;iion of clear ice. 
air alternator—^a device whicii automatically 
switches the air from one side of the ice 
tank to the other, 
air blast—forced air circulation, 
air changes—the ain[)uiit of air leakage i.s 
sometimes computed by assuming a cer¬ 
tain number of air changes per hour for 
each room, the number of changes assumed 
being dependent upon the tyi)e, use anti 
location of the roojn. 

air circulation—natural or iinpartcil motion 
of air. 

air cleaner—a device used to remove air¬ 
borne impuritie.s (sE^e air washers and air 
filtcr.s). 

air conditioning—the simultaneous control of 
all or at least the first three of the following 
factors affecting both the physical and 
chemical conditions of the atmosphere 
within a structure; temperature, humidity, 
motion, distribution, pressure, dust, bac¬ 
teria, odors, toxic gases and ionization, 
air conditioning unit—an assembly of equip¬ 
ment for the control of at least the first 
three items enumerated in the definition of 
air conditioning. 

air cooler, forced-circulation—a factory- 
made encased assembly of elements by 
which heat is transferred from air to evapo¬ 
rating refrigerant. 

air laterals—pipe which supplies the air to 
the ice cans contained in the freezing tank, 
air mains—pipe which carries air to the air 
laterals .supplying ice cans contained in the 
freezing tank. 

air, saturated—a mixture of dry air and 
saturated water vapor, both at the same 
dry-bulb temperature. 

air tunnel—a refrigerated tunnel with rapid 



65B 


PART VII. MISCELLANEOUS 


air circulation through which the product 
to be frozen is passed. 

air washer —a water-spray system or device 
for cleaning, humidifying or dehumidifying 
the air. 

air washer and cooler —a vessel designed for 
passing agitating air through a body of 
chilled water for the purpose of cleaning 
and dehumidifying the air delivered to ice 
cans for agitation of the water therein, 
ambient air —generally speaking, the air sur- 
rouiiding an object. In a domestic or com¬ 
mercial refrigerating system having an air¬ 
cooled condenser, the temperature of the 
air entering the condenser, 
ammonia machine —shortened expression for 
a compression refrigerating machine using 
ammonia as a refrigerant. Similarly, sulfur- 
dioxide machine, ete. 

analyzer —device in high si[le of absorption 
system for increasing the concentration of 
refrigerant in the vapor entering rectifier 
or eon denser. 

anemometer —instrument for measuring the 
velocity of air f)r other gas. 
anticipating control —one which is artificially 
forced to cut in before it otherwise would, 
thus starting the cooling (or heating) be¬ 
fore needed, to reduce the temperature 
fluctuation. 

apparatus dew point —the dew point tem¬ 
perature of the air leaving the i^nnditioner 
unit (i.c., humidifier, deluimidifier, or sur¬ 
face cooler). 

aspiration —production of movement in a 
fluid by suction, 
atomize —reduce to fine spray, 
attic fan —an exhaust fun to disidiiirge air 
near the top of a building while cooler air 
is forced (drawn) in at a lower level, 
available energy —the portion of the total 
energy which can be converted to work in 
a perfect engine. 

back pressure —loose terminology suction 
pressure of refrigeration vapor in a system, 
baffle —partition used to divert fluid flow, 
balling —a name applied to the hydrometric 
scale used in measuring the strength of 
worts. This scale gives directly the percent¬ 
age extract dissolved in the wort, 
barometer —instrument for measuring at¬ 
mospheric pressure. 

benching machine —portable device for ele¬ 
vating and stacking ice blocks, 
bimetallic element —one formed of 2 metals 
having difTcrent coefficients of thermal ex¬ 
pansion, used ns a temperature control 
device. 

binary vapor cycle—a refrigerating cycle in 
which two separate refrigerants are used. 


one superimposed upon and augmenting 
the cycle of the other. 

blanch —scald or sterilize, in case of vegeta¬ 
bles to be canned, cooked or frozen, usually 
by dipj)ing in a hot-water bath, 
bleeder —pipe attached, as to a condenser, 
to lead off liquid refrigerant, parallel to 
main flow. 

blower—enclosed fan device or low-pressure 
cnm[)ressor used to impart motion to air. 
boiler—a closed vessel in which steam is gen¬ 
erated nr ill which water is heated, also a 
refrigerant evaporator, 
boiling point—the temperature at which a 
liquid vaporizes upon the addition of heat, 
dependent upon the absolute jnessore at 
the liquid-vapor surface, 
booster—a compressor for very low pres¬ 
sures, iisiially discharging into the suction 
line of another compressor, 
bore—inside diameter of a cylinder, 
brazed—joined by fusion using a siielter on 
the order of brass. This is considered 
equivalent to hard siddering. 
breaker— u, relatively poor conductor of heat 
used to join the liner and outer sliell of an 
internally refiigerated container such as a 
refrigerator. A frame making a thermal 
break around a door oi‘ its opening to rctaril 
lieat flow to the inti'^rior of a refrigerator, 
brine—any liquid cf)oled l)y a i-Ldrigerating 
system and used for tlie transmission of 
heat. 

brine cooler—evaporator for cooling brine 
in an indirect system. 

brine-spray system—refrigerating scheme for 
cDidiiig by a mist or spray of brine, 
brine tank—in an ice plant, the main freezing 
tank in whicli the cans art; immerscil while 
ice i.s being produced. In a brine circulat- 
ijig system, a storage tank or balance tank 
for brine. In iloinestic and commercial 
fields, a roiitaiiier surmundiiig the evapo¬ 
rator and filleil with brine for storing re¬ 
frigeration nr for equalizing temperature at 
various points of the evajiorator, especially 
ill ice crcaiu l ahinets. 

British thermal unit (Btu)—heat required to 
produce a temperature rise of 1 degree 
Fahrenheit in 1 lb of water. Strictly, 1 Bin 
= 2r)l.J!)G I.T. calories, where the I.T. 
calorie is 1/800 kilowatt hour. The mean 
Btu is 1/J80 of the energy required to heat 
water from 32 deg F to 212 deg F. 
bunker—space in refrigerator given to ice or 
cooling element. 

bypass—a pipe or duct, usually controlled Viy 
valve or damper, for conveying a fluid 
around an element of a system. 

“C” factor —thermal conductance—the 

amount of heat expressed in Btu trans- 
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mitted in one hour through 1 sq ft of uon- 
homogeneous material for the thickness or 
typo under consideration for a difference 
in temperature of 1 deg F between the two 
surfaces of the material. Conductance is 
usually used to designate the heat trans¬ 
mitted through such heterogeneous mate¬ 
rials as plasterboard, hollow clay tile, etc. 

cabinet—refrigerating container per sc; me¬ 
chanical refrigerator without refrigerating 
machine. 

calibration—process of dividing and number¬ 
ing the scale of an instrument; also of 
correcting or determining the error of an 
existing scale, or of evaluating one quantity 
in terms of readings of another. 

calorie—heat required to raise the teinpera- 
t,ure of 1 gram of water 1 degree centigrade, 
actually from 4C to 5C. Mean caloric 
= 1/100 part of the heat required to raise 
1 gram of water from 0 to JOO degrees 
centigrade. Great calorie or kilo calorie 
= 1,000 small calories. 

calorimeter—device for measuring heat 
quantities, such as nnicdniic capacity, heat 
of combustion, specific heat, vital heat, 
heat leakage, etc.; also device for measuring 
quality (or moisture content) of steam or 
other vapor, 

can dump.a device so arranged that ice cans 

conveyed from the tank may be placed 
therein approximately vertically, then 
tipped in order that the ice block may slide 
out. It may be equipped with siirinkling 
pipes for spraying the can and thawing the 
ice block free. 

capacitor—a condenser type of motor, or the 
electrical condenser connected with it. 

capacity—of a refrigerating compressor is the 
refrigerating effect in Btu per hour pro¬ 
duced by the change in total enthalpy be¬ 
tween the refrigerant liquid at a tempera¬ 
ture corresponding to the pres.sure of the 
vapor leaving the compressor and the total 
enthalpy of the refrigerant vapor entering 
the compressor per hour. Of a condensing 
unit, the refrigerating effect in Btu per 
hour produced by the change in total 
enthalpy of refrigerant liquid leaving the 
unit and the total enthalpy of the refriger¬ 
ant vapor entering the unit. Generally 
measured in tons per day or Btu per hour. 

capacity, heat—the amount of heat necessary 
to raise the temperature of a body one de¬ 
gree. Numerically the mass multiplied by 
the specific heat. 

capacity reducer—in a compressor, a device 
such as a clearance pocket, movable cyl¬ 
inder head, or suction bypass, by which 
compressor capacity can be adjusted with¬ 


out otherwise changing the operating con¬ 
ditions. 

capillarity—the action by which the surface 
of a liquid where it is in contact with a solid 
(as in a slender tube) is raised or lowered, 
capillary tube—a vapor lock device compris¬ 
ing a tube of small ID; also a small diam¬ 
eter tube connecting a thermostatic bulli 
with the bellows or diaplinigm of a contiol 
device. 

Carbon dioxide ice—solid COj, dry ice. 
carbonization- carlion deposits proilur cil by 
oxidation of the lubric.'iling oil, whioli may 
seriously interfere wil.li tlic projier func¬ 
tioning of the compressor valves. 

Carnot cycle—a sequence of operations form¬ 
ing the. reversible woikiiig cycle of an ideal 
heat engine of maximum thermal effi¬ 
ciency. It consists of isidhermal expansion, 
adiahatic ex[)ansion, isothermal enmpres- 
sion aiiii ailialjatii; compression to tlie 
initial sj.oie 

cascade system—^one having two or more re¬ 
frigerant circuits, each with a pressure- 
impr)sing element, comlnnser and evapf)- 
ralor, where the evaporiitor of one cireuit 
cools the condenser of the otlier (low'er- 
temperature) circuit. 

carrying freezer - colli storage freeze roioin, 
generally kept between —20 F and 20 F, 
to receive and hold frozen goods, 
centigrade—tliiirmometric system in wliicli 
the freezing point of water is called 0“ aJid 
its boiling i)i)int 100'' at ru)rmal ntiiuis- 
pheric pressure (1 1.000 psi). 
central fan system a meehanieal indirect 
system of heating, ventilating, or uir con¬ 
ditioning, in which tlie air is treated or 
handled by equipment locatiid outside the 
rooms served, usually at a central location, 
and conveyed to ami from the rooms by 
means of a fan and a system of distrihiitiiig 
duets. 

central plant system - a system with two or 
mure low sides connected to a single, cen¬ 
tral higli side, a multiple system, 
centifugal compressor - a nonpositive dis¬ 
placement voniprGSsor wliich deiJends for 
pre.ssure rise, at least in part, nn centrifugal 
effect. 

centrifuge—device fi>r scjiarutirig substances 
of different densities by centrifugal action, 
change of air—introduction of new, cleansed 
or recirculated air to conditioned space, 
measured by the number of eoiiiplete 
changes per unit time, 
change of state—change from one phase, 
such us solid, liquid, or ga.s, to another, 
charge—amount of refrigerant in a system; 
charging, putting in charge. 
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chill—to apply refrigeration moderately, as 
to meats, without freezing. 

chilling room—room where animal carcasses 
are cooled after dressing prior to cold stor¬ 
age. 

chimney effect—the tendency in a duct or 
other vertical air passage for air to rise 
when heated owing to its decrease in den¬ 
sity. 

class of refrigerating system—formerly in 
extensive use, now becoming obsolete as a 
result of code change to classification 
rather than weight; refers to total weight 
of refrigerant contained; Class A system 
is one containing 1,000 lb or more of 
refrigerant. Class B system is one contain¬ 
ing more than 100 lb but less than 1,000 
lb of refrigerant. Class C system is one 
containing mtjre than 20 lb hut not more 
than 100 lb of refrigerant. Class D system 
is one containing more than 6 lb but not 
more than 20 lb of refrigerant. Class E 
system is one containing 6 lb or less of 
refrigerant. 

clearance—space in cylinder not occupied by 
piston at end of compression stroke, or 
volume of gas remaining in cylinder at 
same point. Measured in percentage of 
piston displacement. 

clearance pocket—in a compressor, a space 
of controlled volume to give the effect of 
greater or less cylinder clearance, thereby 
changing compressor capacity. 

closed cycle—any cycle in which the primary 
medium is always enclosed and repeats 
the same sequence of events. 

coefficient of expansion—numerical ratio of 
tlie increase in length or volume ]jcr degree 
rise in temperature. 

coefficient of heat transmission—the amount 
of heat (Btu) transmitted from fluid to 
fluid in one hour per square foot of the wall, 
floor, roof or ceiling for a difference in tem¬ 
perature Ilf 1 deg F between the air nn the 
iirside and that on the outside of the wall, 
floor, roof or ceiling, 

coefficient of performance—ratio of the re¬ 
frigeration produced to the work supplied, 
refrigeration and work each expressed in 
the same thermal units, i.e., Btu/Btu; cal/ 
cal. 

coil—a cooling or heating element made of 
pipe or tubing. 

cold storage—a trade or process of preserving 
perishables on a large scale by refrigera¬ 
tion. 

comfort air conditioning—the simultaneous 
control of all, or at least the first three, of 
the following factors affecting the physical 
and chemical conditions of the atmosphere 
within a structure for the purpose of hu¬ 


man comfort; temperature, humidity, mo¬ 
tion, distribution, dust, bacteria, odors, 
toxic gases and ionization, most of which 
affect in greater or lesser degree human 
health or comfort. 

comfort chart—a chart showing effective 
temperature and humidities under which 
human comfort is probable; usually drawn 
on a psychrometric chart base, 
comfort cooling—refrigeration for comfort as 
opposed to refrigeration for storage or 
manufaeture. 

comfort line—the effective temperature at 
which the largest percentage of adults feel 
comfortable. 

comfort Zone —(average) the range of effec¬ 
tive temperatures over which the majority 
(50% or more) of adults feel comfortable. 
(Extreme) The range of effective tempera¬ 
tures over which one or more adults feel 
comfortable. 

commercial refrigerator—reach-in or serv¬ 
ice refrigerator of commercial size with or 
without means of refrigeration, 
commercial system—refrigeration system 
used in a commercial and/or a business 
place, such as a meat market, store, florist 
shop, hotel, office building, restaurant, 
candy shop, bakery, or other places of 
similar commercial enterprise, assembled 
and installed in the inanufacturing and/or 
business portion of any building (code), 
compression, compound—compression by 
stages in two or more cylinders, 
compression, single-stage -compression in 
one stage. 

compression system—refrigerating system in 
which the pressure impo.siiig element is 
mechanically operated, 
compressor, compound—a compressor in 
which compression is accomplished by 
stages, as in two or more cylinders, 
compressor, double-acting—one which has 
two compression strokes per revolution of 
the crank shaft per cylinder, i.e., both faces 
of the piston are working faces, 
compressor, refrigerant—a specific machine 
for compressing a given refrigerant vapor 
from an evaporating system and discharg¬ 
ing it into a condensing system (code). 
(2) That part of a mechanical refrigerating 
system which receives the refrigerant 
vapor at low pressure and compresses it 
into a lower volume at higher pressure, 
compressor, single-acting—one having one 
compression stroke per revolution of the 
crank fur each cylinder, 
compressor unit—a condensing unit less the 
condenser and liquid receiver, 
concentration—a number specifying the 
composition of a solution with respect to 
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the constituent named, as pounds of salt 
per gallon of brine. 

condenser, atmospheric—condenser operated 
with water which is exposed to the atmos¬ 
phere. 

condenser (liquefier)—a vessel or arrange¬ 
ment of pipe or tubing in which the vapor¬ 
ized (and compressed) refrigerant is 
liquefied by removal of heat, 
condenser, water-cooled refrigerant—an as¬ 
sembly of elements by which the flows of 
refrigerant vapor and water are main¬ 
tained in such a heat transfer relationship 
that the refrigerant vapor is condensed 
into a liquid and the water is heated, 
condensing refrigeration effect—condensing 
heat rejection effect, less the heat added to 
the refrigerant vapor in the refrigerant 
compressor. 

condensing unit—a specific refrigerating 
machine combination for a given refriger¬ 
ant, consisting of one or more power-driven 
compressors, condensers, liquid receivers 
(when required), and the regularly-fur¬ 
nished accessories. 

conductance, thermal—of a body per unit 
area between two isothermal surfaces is 
the rate of heat flow through the bod 3 '’ per 
degree difference between the temperatures 
of the isothermal surfaces, 
conduction—heat transmission, as by particle 
to particle in a homogeneous substance, or 
by contact of two substances, 
conductor (heat)—a material capable of 
readily conducting heat. The opposite of 
an insulator or insulation, 
connecting rod—a device connecting the 
piston to a crank and used to change rotat¬ 
ing motion into reciprocating motion, or 
vice versa, as from rotating crankshaft to 
reciprocating piston. 

conservation of energy—see first law of 
thermodynamics. 

control—any device for regulation of a ma¬ 
chine in normal operation, manual or auto¬ 
matic. If automatic, the implication is that 
it is responsive to changes of temperature, 
pressure, liquid level or with time, 
controlled atmosphere storage—(gas storage) 
artificial addition of carbon dioxide to the 
atmosphere, particularly in large conceii- 
centration, with no attempt to regulate the 
amount of oxygen. 

convection—transfer of heat by movement of 
fluid containing thermal energy, 
convection, natural—circulation of gas or 
liquid (usually air or water) due to its own 
thermal expansion; stack effect. In water 
there is a zone of reverse flow due to ther¬ 
mal contraction as water is warmed from 
32 to 39.2 degrees fahrenheit, the maxi¬ 


mum density point of water being 4 degrees 
centrigrade or 39.2 degrees fahrenheit. 
convector—a heat transfer surface designed 
to transfer its heat to surrounding air 
largely or wholly by convection. Such a 
surface may or not he enclosed or con¬ 
cealed. When concealed and enclosed, the 
resulting device is sometimes referred to aLS 
a concealed radiator, 

cooler—in cold storage practice, an insulated 
room maintained at 30 F or above, 
or in commercial systems, a mechanical de¬ 
vice (i.B., not a cool space or box), as 
unit cooler or room cooler, usually called 
a cooling elemoni. 

or cooling unit—‘Specific air treating com¬ 
bination consisting of means for air cir¬ 
culation and rrujling. 

cooling (or heating) air conditioning unit—a 

specific eir treating nomhiimtion consisting 
of means fr)r ventilation, air circulation, 
air cleaiiiiig and heat transfer, with control 
means for cooling (or heating) and main¬ 
taining humidity. 

cooling of air—reduction in air temperature 
due to the abstraction of sensible heat as a 
result of contact with a medium held at a 
temperature lower than that of the air. 
Cooling may be accoinpanierl by moisture 
addition (evaporation), by moisture ex¬ 
traction (deliumidification) or by no 
change whatever of moisture content. 
Moisture change, if present, is considered 
a secondary or by-product effect. The me¬ 
dium may be directly in contact with the 
ttir (as water, brine, t)r ice) or indirectly 
through a barrier wall (as cooling surface). 
Wlien the latter method is used, and the 
surface temperature is held abr)VD the air 
dew point, only cooling occurs without 
moisture inter-change. 

cooling element—heat transfer surface con¬ 
taining refrigerating fluid in location 
where refrigerating effect is desired, 
cooling tower—device for lowering the tem¬ 
perature of water by evaporative cooling, 
ill which the water is showered through a 
space through which outside air circulates, 
cooling water—water used for condensation 
of refrigerant; condenser water, 
copper plating—a film of copper deposited by 
electrical, immersion or other means on the 
surface of another material such as iron or 
steel. In refrigeration usually on compres¬ 
sor walls, pistons, discharge valves and 
shaft or seal. 

core area—the total plane area of the portion 
of a grill, face, or register, bounded by a 
line tangent to the outer edges of the outer 
openings through which air can pass, 
core sucking and filling system—a combina- 
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tion consisting of a pump, distributing pip¬ 
ing, hose, and device by which water con¬ 
taining impurities may be withdrawn from 
the unfrozen cure of an ice block, and by 
means of connection to the source of water 
supply the core may be refilled with pure 
water. 

corkboard (insulation)—cork granules, 

cleaned, compressed and bonded by heat to 
a weight of about 0.65 lb per board foot, 
corresponding values—simultaneous values 
of varirnis properties of a fluid, such ns 
pressure, v(dume, teinpLunture, etc., for a 
given condition of fluid, 
corrosive—having rusting or chemically de¬ 
structive effect on metals (occasionally on 
other malerials). 

counterflow—in heat exfdiange between two 
fluids, oj)posite directit)ii of flow, coldest 
portion of one meeting coldest portion of 
the other. 

critical point—of a substance, state point at 
which litpiid rind vapor have identical 
pro|)erties; critical temperature, pressure 
and volume are those properties at the 
critieiil point. Above the eritieul tempera¬ 
ture or pressure there is no line of demar¬ 
cation between liquid and gaseous phases, 
cryohydrate—a frozen mixture of water and 
a salt; a brine mixed in eutectic propor¬ 
tions to give the lowest freezing point, 
crystal formation, zone of maximum—iem- 
perature range in freezing in which most of 
the freezing takes place (about 25 to 30 F 
for water). 

cutting room (locker plants)—cold room 
where animal carcasses are cut up into 
coiiiinereial sizes such as rib roast, legs, etc. 
cycle—coiuplete course of operation of re- 
friiferant back to a starting point, meas¬ 
ured in thermodynamic terms (functions); 
also used in general for any repeated 
process or any system. 

Dalton’s Law of partial pressure—each con¬ 
stituent of a niixturc of gases behaves 
thermodynamically as if it alone occupied 
the space. The sum of the individual pres¬ 
sures of the constituents equals the total 
pressure of the mixture, 
damper—a valve, or plate, used to regulate 
the flow of air or other fluid, 
damper (multiple louvre)—a damper having 
a number of adjustable blades, 
decibel -a'unit commonly used for express¬ 
ing sound or noise intensities referred to an 
arbitrary reference level. It is defined as 
db difference = 10 \Dgio{F\/P q), where Pi is 
the unknown intensity. Pn the reference 
level is commonly taken as 10“” watts per 
sq centimeter wViich corresponds to the 


threshold of liearing at 1,000 cycles per 
second. 

deck, coil deck—^insulated horizontal parti¬ 
tion between refrigerated space and bunk¬ 
er. 

decomposition —process of chemical change, 
breaking up of structures, spoilage, 
defrosting— removal of accumulated ice from 
cooling element, thawing frozen foods, 
defrosting cycle —a refrigeration cycle which 
permits cooling unit to defrost during off 
period. 

degree-day —degrees X days; a unit, based 
upon temperature differences and time, 
used in specifying the nominal heating 
load in winter. For any one day there exist 
as many degree-days as there are degrees 
Fahrenheit difference in temperature be¬ 
tween the average outside air tempcratiirB, 
taken over 24-hour period, and a tempera¬ 
ture of 65 F. 

dehumidification —the condensation of water 
vapor from air by cooling below the dew 
point or removal of water vapor from air 
by chemical or physical methods, 
dehumidifier —an air cooler or washer used 
for lowering the moisture content of the 
air passing through it; an absorption or 
adsinptioii device for rcm[)viiig moisture 
from air. 

dehumidifier, surface— an air conditioning 
unit, designed primarily for loioliiig anrl 
dehumidifying air through the action of 
passing the air over wet cooling coils, 
dehumidifying effect —of a unit in Btu per 
hr; the difference between the moisture 
content, in pounds per hour, of the enter¬ 
ing and leaving air multiplied by 1,060. 
dehydration —the removal ( f water vapor 
from air by the use nf absorbing or adsorb¬ 
ing materials. (2) The removal of water 
from stored goods. 

dehydrator —a deviee used to remove water 
or water vapor from refrigerant, 
density —mass or weiglit per unit of volume, 
dense-air system —eold-air .system main¬ 
tained under pressure greater than atmos¬ 
pheric in which air is compressed, heat of 
compression di.ssipated, and the air, chilled 
by expan.sion and performance of work, can 
create useful refrigeration, 
desiccation —drying by evaporation, gener¬ 
ally due to low humidity, 
design working pressure —the maximum 
allowable working pressure for which a 
specific part of a system is designed, 
dew point —temperature at which condensa¬ 
tion starts if moist air is cooled at con¬ 
stant pressure with no loss or gain of mois¬ 
ture during the cooling process. 
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dew point rise—increase in moisture content 
(specific humidity) of air expressed in 
terms of rise in dew point temperature, 
diesel engine—a power plant used to change 
thermal energy to mechanical energy using 
the heat of compression to ignite the fuel, 
differential (of a control)—the dilTerence be¬ 
tween cut-in and cut-out temperatures or 
pressures. 

diffusers, air—see grilles, 
diffusion temperature difference—the tem¬ 
perature dilTerence between the air tem¬ 
perature at supply opening and design in¬ 
door temperature. 

dip tanks—a tank located coiivciiient to the 
can dump and supplied with water in which 
the ice can is immersed to thaw the ice 
block I00.SB fi om the cun. 
direct connected—driver and driven, as 
in[)tnr and compressor, positively con¬ 
nected in line to operate at same speed, 
direct expansion coils -coils using the direct 
method of refrigeration, 
direct method of refrigeration—a system in 
wiiich the evaporator is in direct contact 
with the inatei’ial or Hi)fice refrigerated or 
is located in air ciri!ulating passages coin- 
mimicating with such si)aces. 
displacement—(1) volume swept by piston 
per stroke. (2) Actual—the actual volume 
of gas at coinf)rc,s.sor inlet conditions 
moved in a given time, or (3) theoretical — 
the total volume displaced by all the pis¬ 
tons nf a compresHor [)er stroke in a definite 
time interval. Usually measured in cubic 
feet per miiiuti?. 

distributor—device for dividing flow of liquid 
fluid between parallel paths in an evapora¬ 
tor, or in other types of heat transfer ap¬ 
paratus. 

domestic refrigerator—refrigerator or me¬ 
chanical refrigerator for a home, usually of 
size of U) cu ft or less. 

double-pipe heat exchanger—one in which 
two pipes are arranged coiiccTitrically, one 
within the other, and in which one fluid 
flows through the inner pipe and the other 
through the annulus between them, 
double suction—split suction, valving ar¬ 
rangement on compressors for carrying two 
suction pressures, see multiple effect, 
drier—a chemical compound capable of ad¬ 
sorbing, or reacting chemically with the 
moisture contained in the liquid or gaseous 
refrigerant-oil mixture, 
drip—water which appears on thawing frozen 
food, water melting from evaporator, 
water dropping from a cooling surface, 
dry air—air without its contained water 
vapor; air only. 


dry-air caoler—removes sensible 1 eat from 
the dehydrated air whenever it leaves the 
dehydrator at an elevated temperature, 
dry bulb—temperature, temperature by ordi¬ 
nary tlicrmometpr (term used only to dis- 
tingiiish from wet bulb temiierature). 
dry ice—solid carbon dioxide, CO 2 (proprie¬ 
tary term). 

dry tons—tlie sensible heat load expressed in 
tons of refrigeration, 
dual compression -see multiple effect, 
dual effect control—one responsive to tem¬ 
peratures of two zDMi'.v, or to two Varia 1)1 c 
conditions. 

dual-temperature brine system—in chilling 
beef the use of an iiiitial brine tempera¬ 
ture, lullowed by the lower brine tem¬ 
perature. 

duct—a conduit or tiil)e used for conveying 
air or ol^.rr gas. 

duct system—a scrit-s of ducts, elbows and 
connectors to convey air from nne location 
to another. 

dust—solid maleriiil in a finely dividiul state, 
the particles of which are large and heavy 
enough to fall with increasing velocity dm; 
to gravity in still air. For instaiici*, par¬ 
ticles nf fine sanil or grit, tlie average di¬ 
ameter of wliicli is approximately 0.01 
centimeter, siudi as are l)lowii on a windy 
day, may fie called dust, 
dynamometer —device foi' applying and 
measuring pi)wi;r develojied by an engine 
or motor. 

ebullator—a ilevici; inserted ifi floodeil evapo¬ 
rator tubes to pM;vent the evaporator from 
hecoining oil hound nr lefrigeraiit liquid 
hecoming quiescent at a pressure lower 
than its boiling point. 

effective temperature difference—the dilTer¬ 
ence between the room air temperature 
and the supply aii' 1 emperatiire at the rmt- 
let to the room. 

effective work —iii;t mechanical energy re¬ 
quired by, or load imparted to, piston of 
eornpressor. 

efficiency, compression—ratio of hp requirerl 
to compress aili/ihatically and reversibly 
all the vapfir delivenul by comiiresaor (in 
single stage) to tlie ihp. 
efficiency, mechanical—ratit) nf the compres¬ 
sion energy or work of a compressor to the 
energy or work input. 

efficiency, volumetric—(1) Total —ratio of 
the actual volume of gas moved by the 
compressor or pump to the actual displace¬ 
ment of the compressor or pump. (2) Aj)- 
parmt-rtLi\f) of length on indicator card of 
suction line to stroke. (3) Due to cylinder 
heating (also called real or no-clearance 
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vnliimetric efficiency)-ratio of the total to 
the apparent volumetric efficiency. 

ejector—a device which builds up a high fluid 
velocity in a restricted area to obtain a 
lower static pressure at that point so that 
fluid from another source may be drawn 
in. 

electric precipitators—devices for removing 
dust from the air by means of electric 
charges induced on the dust particles. 

electric refrigerator—refrigerator, cooled by 
a system, operated by electric motor as 
distinct from an engine-operated, or a gas- 
operated or brine-cooled refrigerator. 

electrical degree—the 360th part of the angle 
subtended at the axis of the machine, by 
two consecutive field poles of like polarity. 
One mechanical degree is thus equal to as 
many electrical degree.s as there are pairs of 
yjoles ill the machine. 

emissivity—characteristic of a surface for 
giving off heat by radiation. Almost equal 
to the absorptivity. Ranges in value from 
zero for a perfect reflector to unity for a 
perfect black body. 

emulsiflcation—formation of an emulsion, 
i.e., ii mixture of small droplets of two or 
more liquids which do not di.ssolve in each 
other. 

enclosed vertical compressor—machine with 
vertical cylinder and enclosed crank, gen¬ 
erally single-acting. 

engine—prime mover, device for transform¬ 
ing fuel or heat energy into mechanical 
energy. 

enthalpy—a thermodynamic property of a 
substance defined h = u-\-Pv/J where 
u = internal energy, customarily in Btu per 
lb; P=pressuTE in lb per sq ft; and v is 
specific volume in cu ft per lb. J = 71% ft lb 
per Btu. Also called ioial heai or heat 
vonisni. 

entropy—entropy is the ratio of the heat 
added to a substance to the absolute tem¬ 
perature at which it is added for a reversi¬ 
ble process. It is a thermodynamic prop¬ 
erty which, for practical purposes, is best 
defined by stating its principal functions: 
(1) during a reversible adiabatic change of 
state, entropy is constant; (2) during a re¬ 
versible isothermal change of state, the 
heat absorbed is equal to absolute tempera¬ 
ture times change of entropy. 

enzyme—complex organic substances such 
as diastase, pepsin, etc., capable of trans¬ 
forming by catalytic action some other 
compound; a soluble ferment. 

equalizer—piping arrangement on vertical 
enclosed compressors to equalize refriger¬ 
ant gas pressure in crank case and suction; 


device for dividing the liquid refrigerant 
between parallel low side coils. 

equivalent evaporation—the amount of water 
a boiler would evaporate, in pounds per 
hour, if it received and vaporized feed 
water at 212 F and atmospheric pressure 
as compared to actual evaporation. 

eutectic mixture or solution—a mixture 
which melts or freezes completely at con¬ 
stant temperature and with con.stant com¬ 
position. Its melting point is the lowest 
possible for mixtures of the given sub¬ 
stances. 

evaporation—change of .state from liquid to 
vapor. 

evaporative condenser—condenser in which 
heat absorbed by water is largely dissi¬ 
pated as latent heat by evaporation of the 
water into an un.saturatBd air stream in 
contact with it. 

evaporative cooling—involves the adiabatic 
exchange of heat between air and a water 
spray or wetted surface. The water a.s- 
sunie.5 the wet bulb temperature of the air, 
which remains constant during its traverse 
of the exchanger. 

evaporative equilibrium—of a wet bulb in¬ 
strument—the condition attained when 
the wetted wick has reached a stable and 
constant temperature (when the instru¬ 
ment is Bxpo.sed to air at velocities over 
900 fpm thi.s temperature may be con¬ 
sidered to approach the true wet bulb tem¬ 
perature). 

evaporator—that part of a system in wliiidi 
refrigerant is vaporized to produce refrig¬ 
eration. 

evaporator, dry-type—an evaporator of the 
continuous tube type where refrigerant 
from a pressure-reducing device is fed into 
one end and the suction line connects to 
the outlet end. 

exflltration—air flow outward through a wall, 
leak, membrane, etc. 

exhaust opening—any opening through 
which air is removed from a space which 
is being heated or cooled, or humidified or 
dehumidified, or ventilated. 

expansion coil—an evaporator constructed 
of pipe or tubing. 

extended surface—heat transfer surface one 
side of which is increased in area by the 
addition of fins, discs or other means. 

external equalizer—in a thermostatic expan¬ 
sion valve, a tube connection from the 
chamber containing the evaporation pres¬ 
sure actuated element of the valve to the 
outlet or the evaporator coil. A device to 
compensate for excessive pressure drop 
through the coil. 
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extruded—pushed out through a die. Bars 
of ice, metal rods, shapes and tubes are 
made by this method. 

f —film or surface conductance, the amount of 
heat expressed in Btu transmitted by radi¬ 
ation, conduction, convection from a sur¬ 
face to the air surrounding it, or vice versa, 
in one hour per square foot of the surface 
for a difference in temperature of 1 deg F 
between the surface and the surrounding 
air. To differentiate between inside and 
outside wall (or floor roof or ceiling) surfaces, 
fi is used to designate the inside film or 
surface conductance and/o the outside film 
or surface conductance. The letter/ is also 
used for the friction factor in fluid flow, 
factor of safety —ratio of ultimate stress to 
designed working stress, 
fahrenheit —a thermometric system in which 
32 deg denotes freezing and 212 deg the 
boiling point of water under normal pres¬ 
sure at sea level (14.()!)0 psi). 
fan —strictly, device for imparting motion to 
air. Any device for imparting motion to air 
by means other than positive displacement, 
fan, attic —fan, mriunte l in roof or side wall 
for exhausting air from attic area, 
fan economizers —devices which prevent 
the operation of the fan motor on a cold 
diffuser during the shut-down period after 
the coil has been defrosted, 
fan exhaust —fan used to remove or exhaust 
air from a space. 

filter—a device to remove solid material from 
a fluid. 

filter press —a device for separating solid 
and liquid matter under pressure so that 
the solid residue is compressed into 
briquEittes to facilitate removal, 
fin —an extended surface to increase the heat 
transfer area, as metal sheets attached to 
tubes. 

finned tubes —heat transfer tube or pipe with 
extended surface in the form of fins, discs 
or ribs. 

first and second laws—thermodynamics— 
first law states, in effect, the conservation 
of energy principle, particularly equating 
heat and mechanical energy and den 3 nng 
perpetual motion, insofar as it implies a 
creation of energy. Second law states that 
the quality of energy varies as to form, par¬ 
ticularly that heat energy is only in part 
transformable into mechanical energy; it 
denies the possibility of a machine operat¬ 
ing in a cycle and developing mechanical 
energy from a single source of heat, 
flammability —the ability of a material to 
bum. 

flammable refrigerant—any refrigerant 


which will burn when mixed with air, such 
as ethyl chloride, methyl chloride and the 
hydrocarbons. 

flare fitting—a type of soft-tube connector 
which involves the fiaring of the tube to 
provide a mechanical seal, 
flash gas—the gas resulting from the instan¬ 
taneous evaporation of refrigerant in a 
pressure-reducing device to cool the re¬ 
frigerant to the evaporation tempiuature 
obtaining at the reduced pressure, 
flash chamber—separating tank placed be¬ 
tween the expansion valve and evaporator 
in a refrigeration system to separate and 
by-pass any flash gas formed in the ex¬ 
pansion valve. 

flash point—temperature of combustible mii- 
terial, as oil, at which there is a sufficient 
vaporization to ignite the vapor, but not 
suflicient iniporization to support combus¬ 
tion of the raaterinl. 

flooded system—system in whii'h only part 
of the refrigerant passing over the heat 
transfer surface is evaporated, and the por¬ 
tion not evaporated is separated from the 
vapor and recirculated, 
flotation—-a method of treating materials by 
floating in a liquid. An ice-inaking method 
in which ice floats away from the surface 
on which it has been frozen, 
fluid—gas, vapor or liquid, 
foaming—formation of a foam or froth of oil- 
refrigerant due to rapid boiling out of the 
refrigerant ilissolved in the oil when the 
pressure is suddenly reduced. This occurs 
when the compressor starts operating and, 
if large quantities of refrigerant have been 
dissolvctl, large quantities of oil may "boil" 
out and be carried through the refrigerant 
hues. 

forecDoler —in an ice plant, device for cooling 
the water for ice-making before its enters 
the cans, precooler. 
foul gas—sec non-condensible gas. 
free area—the total minimum area of the 
openings in a grille, face, or register 
through which air can pass, 
free delivery type unit—a device which 
takes in air and discharges it directly to 
the space to be treated without external 
elements which impose air resistance, 
freezer—in cold storage, an insulated room 
kept below 30 F—see (a) carrying freezer, 
(b) sharp freezer. Any device for freezing 
perishables. 

freeze up—failure of a refrigeration unit to 
operate normally due to formation of ice 
at the expansion valve. The valve may be 
frozen shut or open, causing improper re¬ 
frigeration in either case. 
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freezing point— temperature at which ipyen 
liquid aubatance will aolidify or freeze upon 
removal of heat. Ice point for water is 
32 F. 

freezing tank —a container kept at low tem¬ 
peratures for storing foodstuffs or for freez¬ 
ing foodstuffs. 

freezing time —time for any complete freez¬ 
ing process to take place. 

Freon-12—the trade name for dichlorodi- 
fluoromethane (CCUFi), also called F-12. 
frost back—the flooding of liquid from an 
evaporator into the suction line accom¬ 
panied by frost formation on suction line 
in most cases. 

frozen food—any food in which the contained 
water is in the solid form, 
fusible plug —a device having a predeter¬ 
mined melting temperature member for the 
relief of pressure. 

gage (gauge) —instrument for measuring 
pressure nr liquid level. Also arbitrary 
scale of measurement for sheet metal 
thickness, wire and drill diameters, etc. 
gage glass —device for showing a liquid 
level. 

gas constant —the coefficient R in the perfect 
gas equation pv=>RT. 

gas refrigerator —refrigerator motivated by 
thermal energy of burning gas. 
gaseous state of matter —one of three states 
characterized by greatest freedom of mole¬ 
cules and lack of any inherent fixed shape 
□r volume. 

generator —basic part of absorption system; 
a still provided with means of heating used 
to drive ammonia out of water, 
glazing —of foods, freezing a coat of ice on 
frozen food by dipping in water, the latent 
heat of the coat being absorbed inwards, 
graduated acting —term applied to a control 
instrument or device which functions to 
give throttling control, that is, operates 
between full on and full off position, 
grid— a device for lifting a row of ice cans, 
grille —a lattice or grating for delivery or in¬ 
take opening of an air passage, 
head —in hydraulics, the height of a column 
of fluid necessary to produce existing pres¬ 
sure at a point in the system. Also velocity 
head the pressure equivalent to fluid veloc¬ 
ity. 

head pressure —operating pressure measured 
in the discharge line at the outlet from the 
compressor. 

heat of Condensation —latent heat given up in 
changing from gas to liquid, 
heat exchanger —apparatus in which heat is 
exchanged from one fluid to another 
through a partition. 

heat, latent —heat characterized by a change 


of state of the substance concerned, for a 
given pressure and always at a constant 
temperature for a pure substance, i.e., 
heat of vaporization or of fusion, 
heat of the liquid —enthalpy of a mass of 
liquid above an arbitrary zero, 
heat of reaction —heat per unit mass or per 
mole of one of the reagents or products of 
reaction in a chemical reaction; exother¬ 
mal if given off, endothermal if absorbed, 
heat pump —a refrigerating system em¬ 
ployed to transfer heat into a space or sub¬ 
stance. The condenser provides the heat 
while the evaporator is arranged to pick 
up heat from air, water, etc. By shifting 
the flow of air or other fluid a heat pump 
system may also be used to cool the space, 
heat rejection effect, condensing —that por¬ 
tion of the total refrigerant heat rejecting 
effect of a condenser which is used for con¬ 
densing the entering refrigerant vapor to a 
saturated liquid at the entering refrigerant 
pressure. 

heat rejection effect, total refrigerant—total 
useful capacity of a refrigerant condenser 
for removing heat from the refrigerant cir¬ 
culated through it. 

heat transmission —any flow of heat; usually 
refers to conduction, convection and radia¬ 
tion comV)ined. 

hermetically-sealed unit—a sealed (hermetic- 
type) condensing unit is a mechanical con¬ 
densing unit in which the compressor and 
compressor motor are enclosed in the same 
housing, with no external shaft or shaft 
seal, the compressor motor operating in 
the refrigerant atmosphere. The compres¬ 
sor and compressor motor housing may be 
of either the fully-welded or brazed type, 
or of the service-sealed type. In the fully- 
welded or brazed type, the housing is per¬ 
manently sealed and is not provided with 
means of access for servicing internal parts 
in the field. In the service-sealed type, the 
housing is provided with some means of 
access for servicing internal parts in the 
field. 

high side —parts of a refrigerating system un¬ 
der condenser pressure or higher, 
hold-over —in an evaporator, the ability to 
stay cold after heat removal from the 
evaporator stops. A material used to store 
heat in latent or sensible form, 
horizontal compressor —machine with hori¬ 
zontal cylinder, generally double-acting, 
horsepower —unit of power in foot-pound- 
second system, work done at the rate of 
550 ft lb per sec, or 33,000 ft lb per min. 
hot-gas defrosting —use of high pressure or 
condenser gas in the evaporator or low side 
to effect removal of frost. 
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humidifying effect of a unit in Btu per hr— 
the latent heat of vaporization of water at 
the average evaporating temperature times 
the number of pounds of water evaporated 
per hour. 

humid heat —^increase of enthalpy per pound 
of dry air with its associated moisture un¬ 
der conditions of constant pressure and 
constant specific humidity, 
humidifier—a device to add moisture to air. 
humidifier^—central —a device which humid¬ 
ifies air to be circulated through ducts in 
an air-conditioning system, 
humidifiei^room-spray type —an air humid¬ 
ifier which sprays water directly into the 
room. 

humidify—to add water vapor to the atmos¬ 
phere; to add water vapor or moisture to 
any material. 

humidistat—control device responsive to 
atmospheric relative humidity, hygro- 
stat. 

humidity, absolute —concentration of water 
vapor in unit volume, as grains of H 2 O per 
cu ft or per cu ft of air. 
humidity ratio —see specific humidity, 
humidity, relative —the ratio of the partial 
pressure of water vapor in the air to the 
pressure of saturated water vapor at the 
temperature of the air. This is closely 
equivalent at temperatures below 150 F 
to a more rigorous definition—the ratio of 
the density of water vapor in the air to the 
density of saturated water vapor at the air 
temperature. 

humidity, specific —the weight of water vapor 
(steam) associated with one pound weight 
of dry air, sometimes called humidity ratw. 
humidity, percentage —the ratio of the 
weight of water vapor mixed with a pound 
of dry air to the weight of saturated water 
vapor at the same temperature mixed with 
a pound of dry air, expressed in percent. 
This ratio of specific humidities is also 
called degree of saturation or saturation ratio. 
hydrator —a covered container or compart¬ 
ment in a refrigerator having a higher rela¬ 
tive humidity than the balance of the stor¬ 
age space. 

hydrolysis—reaction of a material such as 
' FrBon-12 or methyl chloride with water. 

Acid materials in general are formed, 
hydrometer —an instrument which, by the 
extent of its submergence, indicates the 
specific gravity of the liquid in which it 
floats. 

hydrostatic pressure —the pressure due to the 
vertical height of a liquid column, 
hygrometer —instrument responsive to hu¬ 
midity conditions (usually relative humid¬ 
ity) of the atmosphere. 
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hygroscopic —absorptive of moisture, readily 
absorbing and retaining moisture. 

hygrostat —automatic control responsive to 
humidity. 

ice box —refrigerator using ice as the primary 
cooling medium. 

ice can —an open content top tank or can of 
properly formed and reinforced sheet metal 
which when submerged in a chilled anti¬ 
freeze solution in an ice tank will permit 
the freezing of its water into a block of ice 
of a desired form or weight. 

ice-can frames—a metal frame or support in 
which a number of ice cans are fixed so as 
to enable them to be handled as a group 
rather than handling each can individually. 

ice-can truck —a wheeled frame with arm and 
hoist suitably arranged to be moved over 
the ice-tank top for lifting individual cans 
from the lank. 

ice crane, hoist and runway—a device con¬ 
sisting oi a crane beam, with suitable car¬ 
riage, carrying a movable hoist for lifting 
the ice cans or ice blocks, individually or 
in groups, and running on suitably sup¬ 
ported runway rails all for the purpose of 
lifting the cans or ice blocks from the tank 
and carrying them to a point beyond the 
tank for disposal. 

iCB-making capacity—actual productive abil¬ 
ity of a system making ice. This is less 
than the rated (ice-melting) capacity as 
some refrigeration is used in cooling the 
water to freezing point, cooling the ice be¬ 
low the freezing point, and overcoming 
heat leakage. 

ice-making tank—a tank arranged with 
proper accessories to hold an evaporator 
and anti-freeze solution and ice nans, the 
cans being immersed in the solution which 
usually is in circulation around the evapo¬ 
rator and the cans. 

ice-melting capacity—1. Refrigeration equal 
to the latent heat of fusion of a stated weight 
of ice at 144 Btu per lb. 2. Ice-melting 
equivalent—the amount of heat absorbed 
by one pound of ice at 32 F in liquefying to 
water at 32 F, 144 Btu. 

ice point—temperature at which water 
freezes under normal atmospheric pressure 
(14.696 psia), -|-32 F, 0 C. 

ice-tank grating and covers —a framework of 
wood, metal or combination of each, which 
positions the ice cans in the ice-making 
tank and upon which are supported remov¬ 
able covers, usually of wood, above the 
cans excluding dirt and the warmer air of 
the tank room, 

indicated work —work equivalent of indi¬ 
cator card area for a reciprocating com¬ 
pressor or engine. 
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indicator diagram— preBSure-volume diagram 
tracing condition of gas in a compressor or 
engine cycle, in terms of p and indicator 
card. 

indirect method of refrigeration (or cooling) 

—a system in which a liquid, such as brine 
or water, cooled by the refrigerant, is cir¬ 
culated to the material or space refriger¬ 
ated or is used to cool air so circulated, 
induction units—high-pressure type —em¬ 
ploy nozzles which produce a high velocity 
jet. The high velocity jet of primary air in¬ 
duces a flow of secondary air through coils 
located in the secondary air stream, 
induction units—low-pressure type —essen¬ 
tially induction type convectors. They use 
a jet of conditioned air (or primary air) to 
induce into the unit a flow of room or 
secondary air which mixes with the pri¬ 
mary air. The mixture is discharged into 
the room through a grille at the top of the 
unit. Heating coils are located in the sec¬ 
ondary air stream for use in heating, 
industrial air conditioning —air conditioning 
for other usea than comfort, 
industrial system—a system used in the 
manufacture or processing of materials, 
such as ice-making plants, cold storage 
warehouses, ice cream plants, dairy plants, 
packing houses, chemical plants, and other 
places of similar industrial enterprise, 
inert gas —one that experiences no change 
of state in a system or process, such as 
air, nitrogen, helium, etc., mixed with a 
volatile refrigerant. 

infiltration —air flowing inward as through a 
wall, leak, etc. 

inlet—suction, low side-pipe to, or port of 
compressor. 

insulation, fill—granulated, shredded, or 
powdered materials, prepared from vegeta¬ 
ble, animal, or mineral origin. It can come 
in bulk or batt form. 

insulation, sound —acoustical treatment of 
fan housings, supply ducts, and otVier parts 
of system and equipment for isolating of 
vibration. 

interCDoling —removal of heat from com¬ 
pressed gas between compression stages, 
internal (intrinsic) energy —the sum of all the 
kinetic and potential energies contained in 
a substance due to the states of motion 
and separation of its several molecules, 
atoms and electrons. It includes sensible 
heat (vibration energy) and that part of 
the latent heat that is represented by the 
increase in energy during evaporation, 
irradiation —subjecting foods, etc., to radia¬ 
tions of special wavelengths, such as the 
0.2537 micron wavelength, which kills 
certain bacteria. 


is-, iso-prefix meaning constant; as Iso¬ 

thermal, constant temperature; isentropic, 
constant entropy; isobaric, constant pres¬ 
sure; etc., and in chemicals one having 
different characteristics but with the same 
number and kind of atoms. 

jacket water—in a compressor, the water 
used for cooling the cylinder head and/or 
walls. 

jacketing—surrounding by a confined bath 
or stream of fluid for temperature control 
□r heat absorption. 

Joule-Thomson effect —dTfdp of an actual 
gas in a process of throttling or expansion 
without doing work or interchanging heat. 

“k” factor—thermal conductivity; the 

amount of heat expressed in Btu trans¬ 
mitted in one hour through 1 sq ft of a 
homogeneous material 1 in. thick for a 
difference in temperature of 1 deg F be¬ 
tween the two sides of the material. The 
conducLivity of any material depends on 
the structure of the material and its 
density. Heavy or dense materials, the 
weight of which per cubic foot is high, 
usually transmit more heat than light or 
less dense materials, the weight of which 
per cubic foot is low. 

lag of temperature control—the delay in ac¬ 
tion of a temperature responsive element 
due to time required for the clement to 
reach surrounding temperature. 

latent heat—change of enthalpy during a 
change of state usually expressed in Btu 
per lb. With pure substances, latent heat is 
absorbed or rejected at constant tempera¬ 
ture at any pressure. 

leak detector—1. A device used to detect 
refrigerant leaks ip a refrigerating system, 
or 2, Halide torch—a flame tester gener¬ 
ally using alcohol and burning with a blue 
flame. When the sampling tube draws in 
Freon vapor, color of flame changes to 
bright green. 

line—mainly used in reference to a line on 
characteristic psychrometric chart or in¬ 
dicator—liquid, pipe conveying liquid, etc. 

liquefaction—change of state to liquid, gen¬ 
erally used instead of condensation in case 
of substances ordinarily gaseous. 

liquid line—the tube or pipe carr 3 dng the re¬ 
frigerant liquid from the condenser or re¬ 
ceiver of a refrigerating system to a pres¬ 
sure-reducing device. 

liquid receiver—a vessel permanently con¬ 
nected to a system by inlet and outlet 
pipes for the storage of (liquefied) refriger¬ 
ant. 

liquid state of matter—one of three states 
characterized by limited freedom of mole¬ 
cules and by substantial incompressibility. 
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liquor— a, solution in refrigeration, generally 
of ammonia and water, 
load—the amount of heat per unit time im¬ 
posed on a refrigerating system, or the re¬ 
quired rate of heat removal, 
load factor—ratio of actual mean load to a 
maximum load or maximum production 
capacity in a given period, 
locker plants—cold storage establishments 
containing food storage boxes or lockers 
for individual users. 

louvres—sloping overlapping boards or metal 
plates intended to permit ventilation and 
shed falhng water. 

low-pressure control—a thermostat (usually 
switch) actuated directly by refrigerant 
vapor pressure in the low side, 
low-pressure system—in air conditioning, a 
distributing system delivering air to or¬ 
dinary ventilating grilles at low velocities 
with low static losses through the supply 
grilles. 

low side—parts of a refrigerating system 
under evaporator pressure, 
low temperature—temperature l)elow ordi¬ 
nary refrigerating plant requirements— 
say, from —30 F on down; also any part 
of a system below another parallel refriger¬ 
ating level of temperature, 
lyophilization—the process of dehydrating a 
frozen substance under conditions of sub¬ 
limation. 

machinery room—a room in which is per¬ 
manently installed and operated a refriger¬ 
ating system but not including evaporators 
located in a cold storage room refrigerator 
box, air-cooled space, or other enclosed 
space. Closets solely contained within and 
opening only into a room shall be con¬ 
sidered a part of such room and not as a 
machinery room. 

main—pipe for distributing to or collecting 
from various branches, 
makeup water—water supplied to replenish 
as water replacing that lost by evapora¬ 
tion. 

manifold—portion of main in which several 
branches are close together. Also, single 
piece in which there are several fluid paths, 
manometer—U-tube for measuring pressure 
differences. 

mean temperature difference—mean of dif¬ 
ference between temperatures of a fluid 
receiving and a fluid yielding heat, 
mechanical condensing unit—a complete 
high side of a refrigeration system includ¬ 
ing the motor in a unit assembly, 
mechanical equivalent of heat—an energy 
conversion ratio of 778.16 foot pounds = 1 
Btu. 

mechanical draft cooling tower—cooling 


6<K) 

tower through which air is forced or in¬ 
duced by fans or other mechanical means, 
melting—change of state from solid to liquid, 
melting point—for a given pressure, the 
temperature above which solid state can¬ 
not exist. 

metabolism—chemical changes in living cells 
by which energy is provided for vital 
processes. 

meter—unit of length =>3!).37 inches. Also 
instrument for measuring rates or integrat¬ 
ing rates over a period of time, 
micron—a unit of length, the thousandth 
part of one millimeter or the millionth of a 
meter. 

modulating—nf a control, tending in adjust 
by increments and decrements, also one 
modified by variation of a second condi¬ 
tion. 

moisture tons—latent heat load expressed 
in tons of refrigeration, 
mole (mol) —weight of a substance equal, in 
the weight units used, to its molecular 
weight; as a gram-mole; pound mole, etc. 
motive power—term used to express the 
source from which a device such as a dia¬ 
phragm valve, relay or motor obtains its 
power (electric or fluid), 
motor, air—an air-operated device which is 
used primarily for opening or closing 
dampers, 

multiple can filler—an elevated tank having 
a compartment for each ice can to be filled. 
Each compartment is provided with ad¬ 
justing devices so that it will be filled with 
a predetermincil weight of water. The 
water is transferred to the ice cans through 
valved pipes. 

multiple system—a system using the direct 
method in which refrigerant is delivered to 
two or more evaporators in separate rooms 
or refrigerators. 

multi-stage compression—in 2 or more steps, 
as where the discharge of one compressor 
is connectnil with the suction of another, 
multi-stage expansion—passing volatile re¬ 
frigerant through 2 or more pressure-re¬ 
ducing devices, connected in series, usu¬ 
ally with an evaporator between them 
operating at one pressure and a second 
evaporator fed through both devices, at a 
lower pressure. 

natural-draft cooling tower—a cooling tower 
in which air is circulated by natural con¬ 
vection. 

non-condensible gas—gas in a refrigerating 
system which does not condense at the 
temperature and partial pressure at which 
it exists in the condenser, and therefore 
imposes a higher head pressure on the sys¬ 
tem. 
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non-priming cooler —tubes are omitted from 
the top segment of the shell leaving a gas 
space above the tubes about equal to i the 
inside shell diameter. 

off-peak system —one with control which 
normally avoids use of power during peak 
load periods, usually having eutectic or 
water-ice hold-over means, 
oil cooler—heat exchanger for the purpose of 
cooling oil in a lubrication system, 
oil separator—device for preventing oil from 
entering the evaporator, 
open shell-and-tube condenser—one in 
which the water passes in a film over the 
inner surfaces of the tubes, which are open 
to the atmosphere. 

open-type compressor (or system)—A com¬ 
pressor with a shaft or other moving part 
extending through a casing to be driven 
by an outside source of power, thus re¬ 
quiring a stuffing box, shaft seal or 
equivalent rubbing contact between a 
fixed and moving part, 
organic compound—originally a chemical 
compound produced by a life process. Now 
generally understood to include all com¬ 
pounds containing carbon, 
outlets, ceiling—outlets installed in ceiling in 
order that a blanket of cool air be intro¬ 
duced at the top of the room, gradually 
settling evenly over the occupied zone, 
outlets slotted—flat metal plates containing a 
number of long narrow slots or a single 
long narrow slot. 

outlets, vaned—equipped with vertical 
and/or horizontal adjustable vanes, 
output—capacity, duty, performance, net 
refrigeration produced by system, equal to 
load imposed. Motor output is electrical 
power input times motor efficiency. 

DUtsldo air —external air, atmosphere ex¬ 
terior to refrigerated or conditioned space, 
ambient (surrounding air), 
outside air opening —any opening used as an 
entry for air from outdoors, 
over-run —in ice cream freezing, the ratio of 
the volume of ice cream to the volume of 
the mix used. 

ozone —triatomic oxygen, Oj, sometimes used 
in air conditioning or cold storage as an 
odor eliminator, somewhat toxic, 
packing —the stuffing around a shaft or valve 
stem to prevent fluid leakage, 
packing plant —an establishment engaged in 
the slaughtering, dressing and processing 
of animals. Also used in connection with 
the processing of vegetables or fish, 
parallel, connectiDn in —system whereby flow 
is divided among 2 or more channels, from 
a common starting point or header, 
paateurization —heat treatment, usually at 


131-158 F, for killing bacteria as in milk 
without greatly changing its chemical com¬ 
position. 

performance factor—the ratio of heat moved 
by a refrigerating system to the heat 
equivalent of the energy used, 
phase—in thermodynamics one of the states 
of matter, as solid, liquid, gaseous; electri¬ 
cal, an alternating current whose alterna¬ 
tions have a definite time relation to the 
rotational position of the alternator. In a 
polyphase machine, the phases are sepa¬ 
rated by 360 electrical degrees divided by 
the number of phases. 

phosphorous pentoxide—an efficient drier ma¬ 
terial which becomes gummy on reacting 
with moisture and hence is hot used alone 
as a drying agent in refrigerating systems, 
pipe line refrigeration—service to group of 
buildings with a refrigerant supply from a 
central refrigerating plant, 
plenum—chamber under pressure for receiv¬ 
ing air before delivery to conditioned space 
or combustion system, 
pneumatic—operated by air pressure, 
polytropic-change—any set of changes in a 
gas represented by the equation pV^ 
— constant. 

positive displacement compressor—a com¬ 
pressor in which increase in vapor pressure 
is attained by changing the internal vol¬ 
ume of the compression chamber, 
potentiometer—an instrument for measuring 
or comparing small electromotive forces 
such as those produced by thermocouples, 
power—the rate of doing work usually ex¬ 
pressed in horsepower, kilowatts, etc. 
power consumption—power used multiplied 
by time, measured in kw hr, hp hr, etc. 
(Power is the rate of work; power con¬ 
sumption is work.) 

precooler —cooler for the removal of sensible 
heat before shipping, storing, or process¬ 
ing; device for cooling a fluid before it 
enters some piece of apparatus. 
preCDollng —refers to practice of preparing 
fruits and vegetables for shipment by cool¬ 
ing before or after they enter car. 
preheating —in air conditioning to heat the 
air in advance of other processes, 
pressure—(1) thermodynamically the nor¬ 
mal force exerted by a homogeneous liquid 
or gas, per unit of area, on wall of the con¬ 
tainer. (2) Absolute—pressure referred to 
that of a perfect vacuum. It is the sum of 
gage pressure and atmospheric pressure. 
(3) Atmospheric—pressure exerted by 
atmosphere in all directions as indicated 
by a barometer. Standard atmospheric 
pressure is a pressure of 76 cm of mercury 
at 32 F. -It is equivalent to 14.6959 psi. 
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(4) Back—or suction—pressure in suction 
line of evaporator. (5) Balance—pressure 
in a system or container equal to that 
which exists outside. (6) Critical—vapor 
pressure corresponding to the critical 
temperature. (7) Gage—pressure above 
atmospheric. (8) Partial—portion of total 
gas pressure of a mixture attributable to 
one component. 

pressure drop—loss in pressure, as from one 
end of a refrigerant line to the other, due 
to friction, etc. 

pressure equalizing—allowing high and low- 
side pressures to equalize or nearly equalize 
during idle periods as by use of an unload¬ 
ing valve or a vapor lock liquid control; or 
nearly equalizing inlet and discharge pres¬ 
sures on the compressor. In either case, to 
reduce starting torque load. 

pressure-imposing element—every device or 
portion of the equipment used for the pur¬ 
pose of increasing the pressure upon the 
refrigerant. 

pressure-limiting device—a pressure-respon¬ 
sive mechanism designed to stop auto¬ 
matically the operation of the pressure- 
imposing element at a predetermined pres¬ 
sure. 

pressure relief device—a valve or rupture 
member designed to relieve excessive pres¬ 
sure automatically. 

pressure relief valve—a valve held closed by 
a spring or other means and designed to 
relieve automatically pressure in excess of 
its setting. 

pressure vessel—any fluid-containing recep¬ 
tacle. In a refrigerating system other than 
expansion coils, headers and pipe connec¬ 
tions. 

primary fluid—the refrigerant, to distinguish 
from secondary fluid, or brine. 

psychrometer—instrument for measuring 
relative humidities by means of wet and 
dry bulb temperatures. See hygrometer. 

psychrometiic chart—a graphical representa¬ 
tion of the properties of steam and air 
mixtures. 

psychrometry—use of psychrometer, but 
broadly speaking the science and practices 
associated with atmospheric air mixtures 
and their control. 

pump down (refrigeration system)—the oper¬ 
ation by which the refrigerant in a charged 
system is pumped into the liquid receiver. 

purging—the act of blowing out gas from a 
refrigerant-containing vessel, usually for 
the purpose of removing non-condensibles. 

purger—device for removing non-condensible 
gas from refrigerant condensers or for re¬ 
moving low concentration liquor from ab¬ 
sorption system evaporators. 


pyrometer—instrument for measuring high 
temperature. 

quality, of wet vapor—fraction by weight of 
vapor in mixture of liquid and vapor, 
quick freezer room—room kept at very low 
temperature for the purpose of freezing 
foodstuffs rapidly. 

radiation—the transmission of heat through 
space by wave motion. The passage of heat 
from one object to another without warm¬ 
ing the space between. The heat is passed 
by wave motion similarly to transmission 
of light. 

ratio of compression—ratio of absolute pres¬ 
sures after and before compression, 
raw water—in ice ranking, any water used for 
ice making except distilled water, 
reach-in refrigerator—comnuTcial refrigera¬ 
tor, service refrigerator, 
reciprocating compressor—a pD.sitive dis¬ 
placement compressor with a piston or pis¬ 
tons moving in a straight line but alter¬ 
nately in opposite directions, 
recirculated air—return air passed through 
the conditioner before being again supplied 
to the conditioned space, 
rectifier—in refrigeration, externally cooled 
heat exchanger in high side of absorption 
system for condensing absorbent and 
separating it from refrigerant before pass¬ 
ing to condenser. In electricity, a device 
for converting AC to DC current, 
reezpansion line—curve on indicator card, 
representing path of fluid left in cylinder 
at end of stroke during return of piston 
prior to inlet. 

refrigerant—the medium of heat transfer in 
a refrigerating system which picks up heat 
by evaporating at a low temperature and 
pressure and gives up heat on condensing 
at a higher temperature and pressure, 
refrigerated plate method of freezing—heat 
transfer through the direct contact of re¬ 
frigerated plates wiih the packaged prod¬ 
uct. 

refrigerating engineering—technique of de¬ 
sign, manufacture, application and opera¬ 
tion of refrigerating machinery and its 
primary equipment. Refrigeration (except 
as exact measure in heat units) refers here 
to a more general science, more concerned 
with the use of coldness for commercial 
and other useful purposes, 
refrigerating machine—broadly, the refriger¬ 
ant system proper, as condenser, receiver, 
compressor, and evaporator of compression 
system; strictly the high side only. Also 
used to refer to compressor only, 
refrigerating medium—^this may mean re¬ 
frigerating fluid, but usually refers to a cold 
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medium such as ine, solid COa, frozen 
brine, etc. 

refrigerating system—a combination of inter¬ 
connected refrigerant-containing parts in 
which a refrigerant is circulated for the 
purpose of extracting heat, 
refrigerator—a container and means of cool¬ 
ing it (domestic) or a large container such 
as a storage refrigerator, service refrigera¬ 
tor, etc. 

regain—of moisture, the amount absorbed by 
any material in percent of weight of that 
material. 

regelation—refreezing of water that has re¬ 
sulted from the melting of ice under pres¬ 
sure; does not require refrigeration, 
regenerative heating (or cooling)—process of 
utilizing heat which must be rejected in 
one part of the cycle, to perform a useful 
function in another part of the cycle, by 
heat transfer. 

register—grille supplied with control 

damper. 

reheating air—in an air conditioning system 
the final step in treatment, in the event the 
temperature is too low. 
resistance, thermal—the reciprocal of con¬ 
ductance, or of overall coefficient of heat 
transfer. 

respiration—production of CO 2 and heat by 
ripening of perishables in storage, also the 
breathing process of animals, 
return air—air returned from conditioned or 
refrigerated space. 

reverse cycle—heating—sec heat pump, 
reversible cycle—theoretical thermodynamic 
cycle which can be completely reversed; 
e.g., Caiiuit cycle. 

room dry bulb (dew point, etc.)—the dry 
bull) (dew iinint, etc.) temperature of the 
conditioned room or .space, 
room air conditioner—air coiiditioniiig ele¬ 
ment for a room, self-contained sy.stem for 
conditioning atmosphere for comfort, 
rotary compressor—one in which compres¬ 
sion is attained in a cylinder by rotation of 
a positive displacement member, 
run-around system—may be direct air-to-air 
heat exchangers or conduits in which is cir¬ 
culated brine, water, or expanding and 
eoiidensing refrigerant. Apparatus con¬ 
sists of a surface or spray dehumidifier 
with couiiterflow water (or brine) coils on 
both entering and leaving sides, connected 
in series with a circulating pump. Heat 
from the entering air is absorbed by the 
precooler and returned to tke leaving air 
by the after-heater coil, 
running out—of food juices, see drip, 
rupture member—a device which will auto¬ 


matically rupture at a predetermined 
pressure. 

safety head—in a compressor, a cylinder 
head held in place by a spring of such 
strength that it will not be compressed 
during normal operation, but will be 
moved by solid or liquid matter or abnor¬ 
mal gas pressure between it and the piston, 
thereby protecting the compressor. 

salinometer—hydrometer calibrated in salt 
concentration. 

saponify—turn to soap, as of oil in contact 
with refrigerant; properly, the decomposi¬ 
tion of ester into an alcohol and an acid. 

saturated air—air in which the partial pres¬ 
sure of water vapor is equal to the vapor 
pressure of water at the existing tempera¬ 
ture. 

saturated vapor—vapor in equilibrium with 
its liquid, that is, when the number of 
molecules passing in two directions 
through the surface dividing the two 
phases is equal. 

saturation—the condition for coexistence in 
stable equilibrium of two or more distinct 
phases. 

saturation, degree of, ^—the ratio of the 
specific humidity of an air water-vapor 
mixture to the specific humidity of this 
mixture saturated with water vapor at the 
same temperature. 

seal, bellows—metal bellows used in a shaft 
seal or in place of a packing for valves. 
Also used in long pipe lines instead of 
gaskets to compensate for expansion of the 
line with temperature. 

sealed unit—a motor compressor assembly 
having the compressor contained within a 
gas-tight casing through which no shaft ex¬ 
tends. Drive is usually by a motor within 
the same casing, but may be induced by 
external means. 

secondary condenser—the condenser of a 
secondary system; also, a condenser and 
a secondary system where the condenser is 
cooled by the evai)orator of the secondary 
system. 

secondary fluid—fluid cooled by the refriger¬ 
ant in indirect method of refrigeration. 

secondary refrigerant—the volatile refriger¬ 
ant used in a secondary system or a non¬ 
volatile liquid refrigerant such as brine. It 
might be air. Should be further defined as 
volatile, non-volatile or gaseous. 

self-contained air conditioning or cooling unit 
—a condensing unit combined in the same 
cabinet with the other functional elements. 
Self-contained air conditioning units are 
classified according to the method of re¬ 
jecting condenser heat (water-cooled, air¬ 
cooled and evaporativcly cooled), method 
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of introducing ventilation air (no ventila¬ 
tion, ventilation by drawing air from out¬ 
side, ventilation by exhausting room air to 
the outside, or ventilation by a combina¬ 
tion of the last two methods), and method 
of discharging air to the room (free de¬ 
livery or pressure type). 

self-contained system—a complete factory- 
made and factory-tested system in a 
suitable frame or enclosure which is 
fabricated and shipped in one or more sec¬ 
tions and in which no refrigerant-contain¬ 
ing parts are connected in the field other 
than by companion or block valves. See 
also unit system. 

sensible heat—heat which is associated with 
a change in temperature; specific heat ex¬ 
change of temperature; in contrast to a 
heat interchange in which a change of 
state (latent heat) occurs. 

sensible heat coolers—in the form of cooling 
surface using water, brine or direct expan¬ 
sion refrigerant. It is always located on the 
leaving side or the dehydrator, but fre¬ 
quently treats in addition a large volume 
of room air which is not circulated through 
the dehydrator for moisture reduction. 

service refrigerator—commercial refrigerator 
of reach-in type. 

shaft seal—a rubbing seal or stuffing box— 
used to prevent fluid leakage between the 
shaft and bearing nf a compressor or other 
fluid moving device. 

sharp freezer—cold storage freezer room, 
generally kept at — 30F to — 10 F, to re¬ 
ceive unfrozen goods and freeze them. 

shell-and-tube—pertaining to heat exchang¬ 
ers in which a nest of tubes or pipes, or a 
coil of tube or pipe, is contained in a shell 
or container. The pipe (or pipes) carries 
a fluid through it while the shell is also pro¬ 
vided with an inlet and outlet for a fluid 
flow. 

shell-type apparatus—a refrigerant-contain¬ 
ing pressure vessel having tubes for the 
passage of a refrigerating fluid or one to 
be cooled. 

sight glass—glass tube used to indicate the 
liquid level in tanks, bearings and similar 
equipment. 

silica gel—a drier material having the for¬ 
mula, Si Os. 

single can fillers—a device connected by hose 
with the source of water supply and pro¬ 
vided with a starting device and float actu¬ 
ated valve, such that when placed in an 
ice can and started, it will deliver to the 
nan a predetermined volume of water and 
then stop the flow. 

sludge—a decomposition product formed in 
a system due to impurities in the oil 


or to moisture. Sludge may be gummy or 
hard. 

small machine—compressor, high side or 
complete system having small capacit}'; 
commercial machine. 

solenoid valve—a valve which is closed by 
gravity, pressure, or spring action and 
opened by the movement of a plunger due 
to the magnetic action of an electrically 
energized coil. A valve which is normally 
open and becomes closed when energized 
will be known as a reverse-acting solenoid 
valve. 

solubility—of solid, liquid or gas A in solid or 
liquid B, the mass of A, per unit mass of 
B, contained in a saturated solution of A 
in B. 

specific gravity—density compared to density 
of standard material; reference usually to 
water or Lt> air. 

specific heat—energy per unit of mass re¬ 
quired to produce one degree rise in tem¬ 
perature, usually Btu per lb deg F numer¬ 
ically equal to cal per gram deg C. 

specific volume—volume per unit of mass, 
usually cu ft per lb. 

spray deck—tiverhead bunker where air is 
cotded and circulated by Virine sprays. 

spray method of freezing—refrigerated liquid 
is sprayed into an insulated enclosure con¬ 
taining the yjroduct to he frozen. 

spray pond—arrangement for lowering il>e 
temperature of water by evaporative cool¬ 
ing, in contact with outside air, in which 
the water to he cooled is sprayed by noz¬ 
zles into the space above a body of previ¬ 
ously cooled water, and allowed to fall by 
gravity into it. 

standard air—air weighing 0.075 lb per cu 
ft which is closely air at 68 F dry bulb 
and 10% relative humidity at a barometric 
pressure of 20.1)2 in. of mercury, or approxi¬ 
mately dry air at 70 F at the same pressure. 

standard conditions—operating conditions 
specified by codes under which standard 
ratings are obtained. 

standard rating—of a refrigerating machine, 
is capacity, in tons or Btu per hr, when 
operating under standard conditions. 

steam-jet system—high-pressure steam sup¬ 
plied through a nozzle and acting to eject 
vapor from the evaporator, thui-^ maintaining 
the requisite low pressure on one side and 
producing a higher pressure on the other by 
virtue of compression in a following diffu¬ 
sion passage. 

stop valve—a shut-off for controlling the 
flow of refrigerant. 

storage room—any cold storage space, usu¬ 
ally on larger plant scale. 
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stroke—of piston, length of travel, twice its 
crank radius. 

strong, rich—liquor or solution, water with 
high concentration of another substance, 
as ammonia, salt, etc. 

stuffing box —a packing gland surrounding a 
shaft, stem or rod to prevent leakage. 
BubcooUng —process of cooling refrigerant 
below condensing temperature, for a given 
pressure. Also cooling a liquid below its 
freezing point, where it can exist only in a 
state of unstable equilibrium. 

BubcooUng refrigeration effect—additional 
refrigeration effect made available by 
subcooling the refrigerant liquid, 
sublimation—change of state directly from 
solid to gas without appearance of liquid, 
submerged condenser—condenser piping 
submerged in bath of condenser water, 
suction line—the tube or pipe which carries 
the refrigerant vapor from the evaporator 
to the compressor inlet, 
summer air conditioning—cooling, dehumid- 
ifying, air distribution and air cleaning, 
when outside temperatures are above the 
inside or room temperature, 
sun effect—solar energy transmitted into 
space through windows and building ma¬ 
terials. 

superheated vapor or gas—vapor at a tem¬ 
perature which is higher than the satura¬ 
tion temperature (i.e., boiling point) at 
the existing pressure. 

surface conductance—the amount of heat 
transmitted by radiation, conduction, and 
convection from a surface to the air or 
liquid surrounding it, or vice versa, in one 
hour per square foot of surface for a differ¬ 
ence in temperature of 1 deg F between 
the surface and the surrounding air or 
liquid. 

surface cooling —a method of cooling air or 
other gas by passing over cold surfaces, 
surge drum —sec accumulator, 
sweating —condensation of moisture from air 
on a surface which is below the dew point 
temperature. 

system—a refrigerating scheme and/or ma¬ 
chine usually confined to those parts in 
contact with refrigerant; an arbitrarily 
chosen group of materials and devices set 
apart for analytical study, 
temperature, effective—an arbitrary index 
of the degree of warmth or cold felt by the 
human body in response to temperature, 
humidity, and movement of the air. 
temperature, room—temperature of any 
room, as for example (1) a room in which 
refrigerator is being operated or tested; 
(2) a room being conditioned for the com¬ 
fort of occupants. Colloq: used to mean 


ordinary temperature one is accustomed to 
find in dwellings. 

temperature, saturation—of a fluid, boiling 
point corresponding to a given pressure; 
evaporation temperature; condensation 
temperature. 

temperature, wet bulb—equilibrium tem¬ 
perature of water evaporating into air 
when the latent heat of vaporization is sup¬ 
plied by the sensible heat of the air. 

thaw needle—a small tube with valved head, 
connected by hose to a source of warm 
water or steam, which may be inserted in 
the air agitation tube in an ice can for the 
purpose of thawing the air agitation tube 
loose from the ice block. 

thawing—changing free water, or contained 
water as in foods, from solid phase to 
liquid phase by the addition of heat. 

thermal conductivity—the ability of a mate¬ 
rial to transmit heat from one point in the 
material to another. Indicated in terms of 
Btu per hr sq ft deg F per in. of thickness. 

thermal valve—a valve controlled by a 
thermally responsive element, for example, 
a thermostatic expansion valve which is 
usually responsive to suction or evaporator 
temperature. 

thermocouple—device for measuring tem¬ 
peratures utilizing the effect that an elec¬ 
tromotive force is generated whenever two 
junctions of two dissimilar metals in an 
electric circuit are at different temperature 
levels. 

thermodynamic properties—basic qualities 
used in defining the condition of a sub¬ 
stance, such as temperature, pressure, vol¬ 
ume, enthalpy, entropy. 

thermodynamics—the science of heat energy 
and its transformations to and from other 
forms of energy. 

thermometer—instrument for measuring 
temperature. 

thermostat—automatic control device re¬ 
sponsive to temperature. 

thermostat, direct-acting—an instrument 
which permits passage of control air when 
temperature is higher than the tempera¬ 
ture for which instrument is set and cuts 
off the air when temperature goes below 
the temperature for which instrument is 
set. 

thermostat, reverse-acting—an instrument 
which permits passage of control air when 
temperature is lower than the temperature 
for which instrument is set and cuts off the 
air when temperature goes higher than the 
temperature for which the instrument is 
set. 

throttling—of a fluid, an irreversible adia- 
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batic process which consists of lowering 
pressure by an expansion without work, 
throw—the distance air will carry measured 
along the axis of an air stream from the 
supply opening to the position in the 
stream at which air motion reduces to 50 
fpm. 

ton of refrigeration—a rate of heat inter¬ 
change of 12,000 Btu per hour; 200 Btu 
per min. 

ton-day of refrigeration—the heat removed 
by a ton of refrigeration operating for a 
day, 288,000 Btu. Approximately equal to 
the latent heat of fusion or melting of 1 ton 
(2,000 lb) of ice. 

total cooling effect of a unit—the difference 
between the total enthalpy of the dry air 
and water vapor mixture entering the unit 
per hour and the total enthalpy of the dry 
air and water vapor (and water) mixture 
leaving the unit per hour, expressed in Btu 
per hr. 

total heat—obsolescent name for enthalpy, 
total tons—the total heat load expressed in 
tons of refrigeration; the sum of the dry 
tons and the moisture tons, 
transmission—^in thermodynamics a general 
term for heat travel; properly, heat trans¬ 
ferred per unit of time, 
transmittance—when heat flows from one 
medium to another, through one or more 
intermediate resistances, the transmit¬ 
tance of the system is equal to the rate of 
heat flow per sq ft of a specified side of the 
boundary, divided by the difference in the 
temperature of the two surfaces, 
tray freezing method—food arranged on shal¬ 
low trays, placed in portable racks, are 
placed in insulated chambers and subjected 
to moving refrigerated air for freezing, 
triple point—static point at which three 
phases of given substance (i.e. solid, liquid 
and gas) exist in equilibrium, 
tubing, Soft copper—deoxidized and dehy¬ 
drated, seamless, soft copper; thoroughly 
annealed to assure quality for bending, 
flaring. Commonly used for Freon-12 and 
methyl chloride. 

turbulent flow—fluid flow in which the fluid 
moves transversely as well as in the direc¬ 
tion of the tube or pipe axis, as opposed to 
streamline or viscous flow. 

“LT' factor—overall coefficient of heat trans¬ 
mission; the amount of heat expressed in 
Btu transmitted in one hour per square 
foot of the wall, floor, roof or other sur¬ 
face for a difference in temperature of 1 
deg F between the fluid on the inside and 
that on the outside of the surface, 
unit—1. A factory-made, encased assembly 
of the functional elements indicated by its 


name, such as air conditioning unit, room 
cooling unit, humidifying unit, etc. or 
2. Unit, hermetically sealed—refrigerating 
unit having no exposed mechanical driving 
connection and containing no shaft seal, 
unit cooler—adapted from unit heater to 
cover any cooling element of condensed 
physical proportions and large surface, 
generally equipped with a fan. 
unit system—a self-contained system which 
has been assembled and tested prior to its 
installation and which is installed without 
connecting any refrigerant-containing 
parts. See also self-contained system, 
unloader—a device in a compressor for equal¬ 
izing high and low-side pressures when the 
compressor stops, and for a brief period after 
it starts, in order to decrease the .starting 
load on the motor. 

usage load—sum of the door load and 
product load factors. 

unit system, removable—a refrigerating sys¬ 
tem which is readily removable as one unit 
from the cabinet or space which it cools 
and from the building in which it i.s used 
without disconnecting any refrigerant-con¬ 
taining part of the system, 
vacuum system—in refrigeration one which 
employs a vacuum to boil water at the 
temperature desired; one which employs 
evaporating water vapor as the refrigerant, 
valve, back-pressure—one controlling flow 
in the evaporator vapor line because of a 
fluctuating suction pressure, it is necessary 
to prevent the evaporator temperature 
from falling below a pre-determined value, 
valve, check—a valve allowing (refrigerant) 
flow in one direction only, 
valve, direct-acting diaphragm—one which 
closes with the admission of fluid pressure 
to a diaphragm and opens when pressure 
is released. 

valve, discharge—on a compressor, the valve 
which allows compressed refrigerant to 
flow from the cylinder to the discharge 
main. 

valve, expansion—1. Valve for controlling the 
flow of refrigerant to the cooling element, 
or 2. Expansion valve, automatic—a de¬ 
vice which regulates the flow of refrigerant 
from the liquid line into the evaporator to 
maintain a constant evaporator pressure, 
or 3. Thermostatic—a device to regulate 
the flow of refrigerant into an evaporator 
in order to maintain an evaporation tem¬ 
perature in a definite relationship to the 
temperature of a thermostatic bulb, 
valve, emergency relief—a manually-oper¬ 
ated valve for the discharge of refrigerant 
in case of fire or other emergency, 
valve, float—1, Regulating valve controlled 
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by liquid level, or 2. Valve actuated by 
float in a liquid container, 
valve, low-Bide float—a float valve operating 
by changes in level of low-pressure liquid, 
opens at low level and closes at high, 
valve, king—stop valve between receiver and 
liquid main. 

valve, packlesB—a valve which does not use 
packing to prevent leaks around the valve 
stem. Flexible material usually used to seal 
against leaks and still permit valve move¬ 
ment. 

valve, pressure relief—a valve held closed 
by a spring or other means, which auto¬ 
matically relieves pressure in excess of its 
setting. 

valve, purge—device to allow fluid to flow out 
of system, particularly non-condensible 
gases. Also called a drain valve, 
valve, reducing—a valve which maintains a 
uniform pressure on its outlet side, irre¬ 
spective of how the pressure on its inlet 
side may vary above the jjressure to be 
maintained. 

valve, reverse-acting diaphragm—opens with 
the admission of pressure to the diaphragm 
and closes when pressure is released, 
valve, safety—same as pressure relief valve, 
valve seat—the stationary portion of the 
valve which, when in contact with the 
movable portion, stops flow completely, 
valve, stop—a shut-off valve other than a 
service valve for controlling the flow of the 
refrigerant. 

valve, suction—in a compressor, the valve 
which allows refrigerant to enter the cyl¬ 
inder from the suction line, and prevents 
return flow. 

vapor—a gas, particularly one near to equi¬ 
librium with the liquid phase of tlit sub¬ 
stance. Usually used instead of gas for a 
refrigerant, and in general for any gases 
below the critical temperature, 
vapor lock—formation of some vapor or all 
vapor in a liquid line reducing weight flow 
as compared to weight flow in liquid phase 
with the same pressure differential, 
vapor lock device—an orifice; capillary tube 
or other device having a restricted passage 
of fixed size for liquid refrigerant. It re¬ 
stricts flow of vapor of that same liquid to 
a l[)wer rate of flow (in lb per min) with the 
same pressure difference, 
velocity, critical—the velocity above which 
fluid flow is turbulent. 

ventilation—the process of supplying or re¬ 
moving air by natural or mechanical 
means, to or from any space. Such air may 
or may not have been conditioned. 

vertical bunkers (refrigerated cars and 


trucks)—filled with ice, the air in the 
bunker is chilled and flows out of the bot¬ 
tom opening in the bunker into the space 
beneath the floor rack, 
vital heat—heat generated by fruits and 
vegetables in storage, due to ripening, 
volatile liquid—one which evaporates read¬ 
ily at atmospheric pressure and room tem¬ 
peratures. 

walk-in box—storage refrigerator, 
warm-air duct—in commercial refrigerators 
the passage through which warm air as¬ 
cends from storage space to the bunker. In 
heating, ventilating and air conditioning, 
pipes or ducts for conveying warm air into 
or out of a space or room, 
water forecooling tank—tank where inlet 
water is cooled prior to freezing, 
water or brine cooler—a factory-made as¬ 
sembly of elements in which the water or 
brine and the refrigerant are in heat trans¬ 
fer relationship, causing the refrigerant 
liquid to evaporate and the water or brine 
to be cooled. 

water vapor—used commonly in air condi¬ 
tioning parlance to refer to steam in the 
atmosphere. 

wax—a material which may separate on cool¬ 
ing of oil-refrigerant mixtures. Wax may 
plug the expansion valve and reduce heat 
transfer of the coil, 
weep—drip from frozen foods, 
wet bulb depression—difference between 
dry bulb and wet bulb temperature, 
wet compression—a system of refrigeration 
in which some liquid refrigerant is mixed 
with vapor entering the compressor so as to 
cause the discharge vapors from the com¬ 
pressor to be saturated rather than super¬ 
heated. 

window unit—self-contained room cooler ar¬ 
ranged to be supported in or eoniiccted 
with a window opening, circulating outside 
air over the high side and room air over the 
low side. 

winter air conditioning—heating, humidi¬ 
fication, air distribution and air cleaning, 
where outside temperatures are below the 
inside or room temperature, 
wire drawing—restriction of area for a flow¬ 
ing fluid, causing a loss in pressure by 
(internal and external) friction without 
loss of heat or performance of work; 
throttling. 

year ’round air conditioning system—one 
which ventilates, heats and humidifies in 
winter and cools and dehumidifies in sum¬ 
mer the spaces under consideration, and 
provides the desired degree of air motion 
and cleanliness. 
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The Codes and Standards listed below represent accepted practice, methods, or standards prepared 
and accepted by the organizations indicated. They are valuable guides for the practieing engineering 
determining test methods, ratings, performance requirements, and limits applying to equipment used 
in refrigeration and air conditioning. Copies can usually be obtained from the organizations listed in the 
reference column. 


SUBJECT 

TITLE 

SPONSOR 

REFERENCE 

Air Conditioning 

Code of Minimum Requirements for 
Comfort Air Conditioning (19.38) 

A.S.H.V.E. 

ASRE 

A.S.H.A-.E. 

Air Conditioning 
(150,000 Btu/Hr 
or loss) 

Code and Manual for the Design and 
Installation of Warm Air Winter Air 
Conditioning Systems (1945) 

N.W.A.H. & A.C.A. 

N.W.A.H. & A.C.A. 
No. 7 

Air Conditioning 
(Above 150,000 
Btu/Hr) 

The Technical Code for the Design 
and Installation of Mechanical Warm 
Air Healing Systems (1942) 

N.W.A.H. & A.C.A. 

N.W.A.H. & A.C.A. 

Building Require¬ 
ments 

American Standard Building Re¬ 
quirements (1946) 

N.H.A. 

U.S.P.H.S. 

ASA 

A53.1—1946 

Cleaners (Air) 

A.S.H.V.E. Standard Code for Test¬ 
ing and Rating Air Cleaning Devices 
Used in General Ventilation Work 
(1934) 

A.S.H.V.E. 

See A.S.H.V.E. 

Transactions Vol. 

39. 1933, p. 226 

Color Scheme 
(Piping) 

Scheme for Identihcation of Piping 
Systems (1945) 

H.P. & A.C.N.A. 

H.P. &, A.C.N.A. 
Engrg. Stds. Sec. 2 
Part V 

Color Scheme 
(Piping) 

Scheme for Identification of Piping 
Systems (1928) 

ASMLE. 

ASA 

A13—1928 

Coils 

Proposed Commercial Standard for 
Rating and Testing Air Cooling Coils 
Using Non-Volatile Refrigerants 
(1945) 

B.C.M.l. 

B.S. 

B.S. 

T.S. 4044 

CompresBorB 

ASRE Standard Methods of Rating 
and Testing Refrigerant Compres¬ 
sors 

ASRE 

A.S.H.V.E. 

A.C.n.M.A. 

ASRE 

Standard 23-R 

Condensers 

ASRE Standard Methods of Rating 
and Testing Evaporative Condensers 

ASRE 

A.S.H.V.E. 

A.C. & R.M.A. 

ASRE 
Standard 20 

Condensers 

ASRE Standard Methods of Rating 
and Testing Water-Cooled Refrig¬ 
erant Condensers 

ASRE 

A.S.H.V.E. 

A.C. &, R.M.A. 

ASRE 
Standard 22 

Condensing Units 

ASRE Standard Methods of Rating 
and Testing Mechanical Condensing 
Units (1940) 

ASRE 

A.S.H.V.E. 

A.C. & R.M.A. 

ASRE 
Standard 14 

Condensing Units 

Commercial Standard for Commer¬ 
cial Electric Refrigeration Condens¬ 
ing Units (1945) 

B.S. 

S.R.C.A. 

B S 

CS107-45 

Conductivity 

Standard Method of Test for 
Thermal Conductivity of Materials 
by Means of the Guarded Hot Plate 
(Tentative) (1942) 

A.S.H.V.E. 

ASRE 

A.S.T.M. 

N.R.C. 

A.S.H.V.E. 
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SUBJECT 

TITLE 

SPONSOR 

REFERENCE 

Control Equipmont 
(InduBtrial) 

Underwriter's Laboratories, Ino., 
Standard for Industrial Control 
Equipment (July 193S, reprinted 
May 1950) 

U.L. 

U.L. 

Subject 508 

Controls 

Underwriter’s Laboratories, Ino., 
Standard for Temperature Indicating 
and Regulating Equipment -(Jan 
1947) 

U.L. 

U.L. 

Subject 873 

Convector 

ReDommended Commercial Standard 
for Testing and Rating Convectors 
(1946) 

B.S. 

C.M.A. 

I.B.R. 

B.S. 

TS-4169 

Coolers (Air) 

ASRE Standard Methods of Rating 
and Testing Forced Circulation and 
Natural (Danveotion Air Coolers for 
Refrigeration (1945) 

ASRE 

AS.H.V.E. 

A.C.R.M.A. 

R.E.M.A. 

ASRE 
Standard 25 

Coolers 

ASRE Standard Methods of Rating 
and Testing Water and Brine Coolers 

ASRE 

A.S.H.V.E. 

A.C. & R.M.A. 

ASRE 
Standard 24 

Coolins Units 

ASRE Standard Methods of Rating 
and Testing Air Conditioners (1949) 

ASRE 

A.S.H.V.E. 

R.M.A. 

R.E.M.A. 

A.C.M.A. 

ASRE 

Standard 16-R 

Ezchansers (Heat) 

StEuadards of Tubular Manufacturers 
AsBociation (1941) 

T.E.M.A. 

T.E.M.A. 

Fans 

Definitions and Terms in Use by the 
Blower Industry (1946) 

N.A.F.M. 

N.A.F.M. 
Bulletin No. 105 

Fans 

Standard Test Code for Centrifugal 
and Axial Fans (193B) 

N.A.F.M.* 

A.S.H.V.E. 

N.A.F.M. 
Bulletin No. 103 

Fans 

N.E. M. A. Standards for Electric Fans 

N.E.M.A. 

N.A.F.M. 
Publ. FM 
1-1951 

Heat Transfer 
(Walls) 

A.S.H.V.E. Standard Test Code for 
Heat Transmission through Walls 
(1927) 

A.S.H.V.E. 

A.S.H.V.E, 

Piping 

American Standard Code for Pres¬ 
sure Piping (1951) 

A.S.M.E. 

ASA 

B31.1—1951 

Pumps 

Hydraulic Institute Test Code for 
Centrifugal Pumps. Hydraulic Insti¬ 
tute Test Code for Rotary Pumps 
(1943) 

H.I. 

H.I. 

Section F 

Refrigeration 

(Equipment) 

Underwriter's Laboratories, Inc., 
Standard for Air Conditioning and 
Commercial Refrigerating Equip¬ 
ment (Feb. 1946) 

U.L. 

U.L. 

Subject 207A 

Refrigeration 

(Mechanioal) 

American Standard Safety Code for 
Mechanical Refrigeration (ASA B9. 
1-1960) 

ASRE 

ASRE 
Standard 15 

Refrigeration 
(Unit Systems) 

Underwriter's Laboratories, Ino., 
Standard for Unit Refrigerating Sys¬ 
tems (Feb. 1946) 

U.L. 

U.L. 

Subject 207C 
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SUBJECT 

TITLE 

SPONSOR 

REFERENCE 

Refrigerators 

(Gas-Fired) 

American Standard Approval Re¬ 
quirements for Refrigerators Using 
Gas Fuel (1941) 

A.G.A. 

ASA 

Z21.19—1941 

Refrigerators 

(Household) 

Amsrioan Standard Test Procedure 
for Household Electric Rofrigerators 
(Mechanically Operated) (1944) 

ASRE 

U.S.D.A. 

ASA 

B3B.2—1944 
(N.E.M.A. Pub. 

No. 47-127) 

Unit Heaters 

American Standard Approval Re- 
quiremente for Gae Unit Heaters 
(1940) 

A.G.A. 

ASA 

Z21.16—1940 

Unfired Pressure 
Vessels 

Unfired Pressure Vessel Code (1950 
with 1950 Addenda) 

A.S.M.E. 

A.S.M.E. 

Vacuum Pumps 

A.5.H.V.E. Standard Code for Test¬ 
ing and Rating Return Line Low 
Vacuum Heating Pumps (1934) 

A.S.H.V.E. 

A.S.H.V.E. 


ABBREVIATIONS 


A.C.M.A.i Air Conditioning Manufao- 

turera Association. 

A.C.R.M.A. Air Conditioning and Refriger¬ 

ating Machinery AasDcia- 
tion. 

A.F.A. American Foundrymen'a Asso¬ 

ciation. 

A.G.A. American Gas Association. 

A.G.A.E.M.> Association of Gas Appliance 

and Equipment Manufac¬ 
turers. 

A.I.L. Anthracite Industries Labora¬ 

tory. 

ASA American Standards Associa^ 

tion. 

A.5. of A. Acoustical Society of America. 

A.B.H.y.E. American Society of Heating 

and Ventilating Engineers. 
A.B.M.E. American Society of Mechan¬ 

ical Engineers. 

ASRE American Society of Refriger¬ 

ating Engineers. 

A. B.T.M. American Society for Testing 

Materials. 

B. B. National Bureau of Standards. 

C. M.A. Convector Manufacturers As¬ 

sociation. 

F. H.A. Federal Housing Administra¬ 

tion. 

G. A.M.A. Gas Appliance Manufacturers' 

Association. 

H. I. Hydraulic Institute. 

H. P. & A.C.N.A. Heating, Piping and Air Condi¬ 

tioning Contractors National 
Association. 

I. B.R. Institute of Boiler and Radi¬ 

ator Manufacturers Associa^ 
tion. 

I.C.H.A.M. Institute of Cooking and Heat¬ 


ing Appliance Manufau- 
turors. 

I.M.W.I. Industrial Mineral Wool Insti¬ 

tute. 

I.U.H.A. Industrial Unit Heater Assooi- 

ation. 

N.A.F.M. National Associaiion of Fan 

Manufacturers. 

N.B.F.U. National Board of Fire Under¬ 

writers, 

N.E.M.A. National Electrical Manufac¬ 

turers Association. 

N.F.P.A. National Fire Prevention Asso¬ 

ciation. 

N.H.A. National Housing Agency. 

N.R.C. National Research Council. 

N. W.A.H. dc C.A. National Warm Air Heating 

and Air Conditioning Associ¬ 
ation. 

O. B.I.* Oil Burner Institute. 

O.H.I.A. Oil Heat Institute of America. 

O. F.A. Office of Price Administration. 

P. F.M.A. Propeller Fan Manufacturers 

Association. 

R.E.M.A. Refrigeration Equipment Man¬ 

ufacturers Association. 

R. M.A.' Refrigerating Machinery Asso¬ 

ciation. 

S. A.E. Society of Automotive Engi¬ 

neers. 

S.B.l. Steel Boiler Institute. 

S. R.C.A. Standard Refrigeration Com¬ 

pressor Association. 

T. E.M.A Tubular Exchanger Manufac¬ 

turers Association. 

U. L. Underwriter’s Lnl>oratorieB. 

U.S.D.A. United States Department of 

Agriculture. 

U.S.P.H.S. United >Statoa Public Health 

Service. 


■ BupeTBeded 1940 by A.C.R.M.A. 
> Supersedttl 1046 by G.A.M.A. 

• BupeTOBded 1942 by O.H.I.A. 
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Absolute, prosauri!, 27G 
lemperature, 5 
Aksurbent, 30, 43, 587 
Absfjrber, 4B, 501 
Absorptinn, refrigriraLiDn, 30-58 
system, 43-58 
units, 51—8, 4D8-501 
Absorptivity, thermal, 85, 88 
Activated alumina, 53, 330, 472 
Aetivatsd charcual, 485 
Adiabatic, 7, 37 
siiturainr, C4 
Arlsorption, 53, 503 
Air, 

chaiiRC!^, 333 
chart, 100 

drculation. types nf, G27 
cleaning, G32 
cijiTipiisitioii, 50, 210 
cimdiiiuns inside, 013 
outside, G13'4 
cooling, 341 

iliflusion temperatures, G20 
dist ribution system, G27, 640 2 
dry, 50 

ulTcctive temperature, 014 
enthalpy, 62 
eiiuation of stale, 210 
rilters, 032-3 
fresh, 038 

friction loss chart, 003 
gravity flow, 029 
jets, 620-30 
liquefaction, 465-8 
loss in ducts, 603, 022 
moist, 01, 71 
outlets. 632 
outside, 617-8 

psychronietric tables, 210-24 
proi>crties of, 50-03, 220-4 
puriliratiDii, 591 
returns, 019, 630 
specific heat, 50-60 
supply, 018, 028-0 
tables, 219-24 

velocities, cDmiuodity, 547, 620- 
30 

washer cooling, 621 
washer, 633-4 
Air cunditioning, 581-94 
adiabatic saturation, 581—4 
air-steam mixtures, 581 
caloulationa, 613-33 
definition, 613 
design conditions, 613-4 
health and Domfort, 587 
mixing air, 686 
pro Desses. 583-4, 622 
summer conditioning, 686, 013 
systems, 027-53 
theory of, 581 
washers, 633-4 
Alcohol, freezing of, 218 
Ammonia, 


aqua, 42, 187 
brine coolers, 448 
fhart, 110 

condensing cycle. 418 9 
properties, 110-25 
Analyzer, 48 
Anemomeiei’s. 3D4-6 
Annular, 
fins, 87 
space, 79 
Aqua ainmoniu, 
chart, 42 

specific volume, 187 
system, 43, 498-501 
Aqueous solutions, 
freezing points, 218 
A tiiiusphere, 

altitude change, 380 
explosive, 387 
Attic exhaust fan, 040-1 
Auxiliaries, 475 -8 
Available energy, 0 

B 


Ilacleria, 590 
airborne coiilagiun, 591 
Diifllcs, 

low side, 542 -3 
llariurn oxide, 330 
Barometriir pressure, 07, 304 
Jlaudulot cooler, 454 
Hearings, 320, 407-8, 525 7 
Heattie-Bridgniaii equation, 219 
Bellows, 

assembly. 383 
Blower wheels, 602-3 
Boiling liquids, 
heat transfer, 79 
Booster, 458 
Breaker strips, 484 
Brine, 
bath. 542 

calcium chloride, 209 13, 330, 455 
rxiolers, 448-50 
hygroscxipic, 43 
Kathene, 52 
Uthium bruinide, 43, 51 
lithium chloride, 43, 52 
sodium Rhloride, 213-27, 455 
spray units, 548 
thermal conduclivily, 218 
Bryant unit, 53 
Butane. 126-7 
isubutans, 181 
Bypass, 
hot gas, 464 


C 


Cabinets, refrigerated, 337 ; 484-7, 
660 

condensation on surface, 600 
domestic, 500-15 
insulation, 600-15 
seal tests, 614 


Cahriuin cliluride, 330 
brine properties, 209-15, 218 
Calcium oxido, 330 
CalLJiiiiicirr, 498 
Capacity, 
conlrul, 34 
modulation, 443 
refriguratiiig, 20 
Capillary tube, 493, 519-2J 
Ciiscade system, 459. 467 
Carbon dioxide, 129-33, 409 73, 
5 87 

lo'uiLi.': rilin', 409 71 
uses, 474 

Carnot eyrie, 5, 0 
Caricn'*-?, propurlies, 131-41 
Cast-iron litting'^, 300-2 
CeiiliHlokos, 97 
Ccntiifuiial rnaRhines, 412-9 
f;ai>:u',i(y, 417 
pi r furinancp, 413 0 
n-frigi'raiits for, 410- 9 
t3iarar;teristii: nurves, 
fan, 597 1)9 
syslein, 509 

Cliarging syslcin, 470, 495 
Claude systnin, 448, 406 
Cleaning of air, 590 4 
Clearuiipe. 8 
pockets, 33 
vnluirie, 14. 20. 20-31 
Cloud point, 315 
Code,s, 309, 077 0 

mechanical safety, 309. 678 
OoelTiriBut, 
diseliarge, 92 

heat transfer, 70, 423, 428, 432 
of pc^rfunimncc, 10 
Coils. 453, 455, 543-6 
lx»iler Lyi)c, 455 
r^mslunts for, 623 
dry, 023 
Hurfar.f', 623 
velocity through, 024 
Cold Ht4>rngR, 
air change, 338 
product load, 340 
wall loss, 337 

Goinfurt cooling sysbems, 035-42 
Ccjinfort zone, 014 
Onniin^rrial condensing unit, 517 
rpfrigeruU>r, 549-00 
CniripnrtincuLs, 
frozf.;n food, 484 
high humidity, 485, 487 
meat storage, 485, 488 
CompressiDU, 
adiabatic, 13 
compound, 32, 450 
eyrie, 11-14 
dual, 33 
fittings. 304 
horsepower, 458, 522 
multiple effect, 33, 45Br-0 
ratio of, 15, 457 
stroke, 21 


683 



6B4 


INDEX 


tlireH-Hluge, 458-9 
wet, 25 

Crjiiiprewior, 403-20 
atiiinuniti, 32, 37-9 
boDHter, 33 

unpaoity, 27, 404, 520, C5U 
carbon dioxide, 34 
centrifuKuli 412-9 
compound, 33 
deflign, 518, 524 
dinplnceineiil, 459 
domestic, 489-U4, 504-5 
hermetic, 311 
lubrication, 324-Q, 528 
perfurmaiice, 16, 34. 521 
reciprocating, 403, 518 
HtnrtiriR, 410, 464 
luHt ruNulla, 22 
valves, 404 . 520-8 
vertical, 32 
CoiidenfMitiun, 75, 79 
insula Lion, 282, 286 
Condeiuiera, 42L-3B, 533 -4 
ttir-coolcd, 534 
ammonia, 421-11 
atmospheric, 430 
bleeder type, 430, 440 
coetUcieiiLA, 428, 431-3 
douVde pipe, 42B-D, 430 
evaporative, 439-44, 535 
Freon, 431-4 
gases in, 433 
heat removal, 421-3 
liGut truiisFer, 440-1 
horisnntal shell and tube, 424-8 
liousidicild rprrigerutor, 402 
load, 439 

rating, 424, 427, 433 
scale, 435 

shell and tube cunstrucLioii, 421, 

42B 

tests, 441 
types, 421 

vertical open shell and tube, 
421-2 

water amount, 421, 42B, 534-6 
water friction and velocity, 428-0 
Condensing unit, 50*1 5, 517 
(^Jiiditiuner, central, 632 
sepurale, 632 
Cunduetanue, 76-7 
(X)nduclion, 4 

Conductivity, conversion values, 
275 

brines, 218 

table of values, 244-6 
Connecting rod, 527 
Control, 379-89. 463, 41)3, 643-52 
air conditinaing load, 643 
air wTislier, 648 
automatic, 371), 530 
cumpreKBor capacity, 650 
damper control, 646 
differential, 385 
direct expansion systems, 046 
domestic, 493, 494 
equipment adjustment to load, 
043 

Bipaiifiion valve, 519, 537 


noat, 519 
floating, 380 
flow, 338 

humidity, 646, 652 
limit, 387 

modulating valve, 645, 048 
inoUir, 520 
outdoor, 648 
overload, 530 
pneumatic, 385, 651 
pressure type, 379-84 
remute bulb. 379. 382 
Bclcctlon, 463 
step controllers, 651 
sumrner to winter changeover, 
645 

tlu riiinstat. 379-81. 386 
valves, 388. 519. 618 
xoning, 644, 650 
Cuuvectinn, 4, 75- 8 
forced and natural, 77 
Conversion, tables, 267-76 
ureas and volume, 268 
energy, 270 

heat transfer coeflieienLs, 275 
power, 270-1 
pressure, 269. 276 
temiH'raturc, 272-3 
viHCt)Bity, 274 
volume, 208 
weight, 209-70 
Cooler, 445-56, 554-9 
beer, 553-4 

commercial, 334-5, 537-48 
dniry, 556 
evaporative, 69 
froEcii food, 553, 557 
load factors, 334 
meat, 552, 558 
remote insbdlatiun, 637 
room, G30 

self-ci)nlain 0 d, 635- 6 
store, 636 
tank type, 455 
walk in, 552 
water, 452-4 
Cooling, 

air washer, 021 
surface, 6l9 

Cooling Lower, 09, 363-78 
air supply, 365, 373 
atmospheric, 367-8, 370-1 
basic loading and sixiiig, 365-70 
blowdown, 367, 440 
capacity, 366 

conductance equation, 375 
control factors, 360 
design conditions, 366-7, 374 
cvHiKirative cooling, 363-4, 306 
forced convection, 372-3, 370 
induced draft, 372 
nieuhanicul draft, 365 
spray or mist type, 308-9, 371 
surface for, 365 
water treatment, 367 
watcr-air ratios, 373 
wet-bulb tsr^ipernture, 36G-7, 374 
wind-velocity factor, 371 
Copper plating, 204, 320, 331 


Cosines, table of, 257-8 
Cotangents, table of, 259 
t!}orrnsiori, 326 

Crank-case oil equalizing, 409 
Crank-effort diagrams, 406 
Crankshaft design, 525 
Oitical temperature, 5, 197 
difference, 79 
Cycle, 

absorption, 44-6 
ammonia condensing, 418 
Carnot, 5 
compression, 11 
resorption, 49 
standard rating, 11 
theoretical coiiipressioii. 12 
Cylinder, 

heating, 19, 24 
reheating in, 458 
temporalure, 20 

D 

Dalinn’s law, 39^0, 01, 04, 500 
Defrosting, 333, 538 
automatic, 485, 493 
liot gas, 538 

Dnhuiiiidifieatioii, 68, 617-8, (122, 

625 

cooling with, 585 
Dehurniclirier, 622, 625 
Dehydrator, 326-7 
systrill, 470 

Design conditioiis, 339, 613 4 
outdoor for refrigeraturs, 339 
Dewimint, 62, 06 

DichbrodifluorD methane (F-12), 

149-54 

Dichbromonofluorome thane (F- 
21), 156-67 

Dichbrotetrulluoroethune (F-114). 
173-80 

Differential control, 379-85 
Dilution ratio, 319 
Displacement, 10 
meters, 399 
DLspluy cases, 552-9 
Digtributioii in air systems, 627-34 
Domestic refrigerator, 483 507, 
517-28 

cabinets. 4S4-8 
compressors, 489-90 
defrosting, 485, 493-4 
motors, 489, 491 
IM^rformaiicc, 495-7 
Drier, 
coils, 547 
lubricant, 326 
materials. 329-31 
pipe lengths, 540 
surface, 540 
Dricrite, 330 
Drying, 

control of, 331-4 
methods, 329-35 
power of absorbents, 334 
refrigerants, 333-5 
Dual-effect machine, 33 
Ducts, 
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nir pBiutaKBB, 586 
uir velDcilieu, 602 
c)mnKB of section, 605 
ilesiKii procedure, 604, 608-11 
dynamic loss, 605 
elbtjw loss, 605-7 
oQuivalent sians, 604 
fan pressure, 607 
frictirm-losB chart. 603 
heat gaiu, 600 

losses dynamic, 605 
noise level, 039 
round, 604 

total pressure drop, 603-4, 611 
vfuies in elbows, 607 
Duhring’s rule, 44 

E 

Eflieieiicy, 
adiabatic, 37 
annular fins, 86-7 
motor, 353 

real volumctrii:, 16, 20-8 
spines, 87 

volumetric, 8, 14, 20, 37, 522 
EiiiisHivity, 88 
Energy, defined. 3 
internal, 5 
kiiielJc, 3 
radiant, 89 
Enthalpy, 5 
Entropy, 5 

Environment for comfort, 587- 9 
souB, G14 
Eqiuition, 

conservation of energy, 583 
of etate, 39 

Equivalents, inch-foot, 262 
Ethane, 142-3 
ph chart, 142 
EthylarninD, 194 
Ethylene, 144-5 
ph chart, 144 

Evaporative condenser, 439-44 
air quantity, 442 
coils, 442^ 
location, 443 
rating, 441-2 
water makeup, 439 
Evaporative coolinK, 64-5, 584. 638 
Kvaporators, 45, 445-58, 620, 537- 
48 (see also coolers and 
low sides) 

coefficients for, 446-9 
design, 447 
domestic, 484 
film coefficienta, 440 
flooded, 449 
beat transfer, 445-50 
materials, 567 
shell and coil, 453 
shell and tube, 449-51 
tube resistancBB, 446 
two-temperature, 487-8 
Evolution, 
heat of, 343 
Exchangers, 
heat, 455 


oil. 455 

suction line, 456 
Expansion devices, 
doinestie, 492, 505 
Expansion valve, 388, 492. 519 

F 

Eaiining equation, 97 
Fans, 597-611 
centrifugal, 597 
eharacteriatipa, 597 
ftjrward and backward curved, 
507 

horsepower, 598 
law's, 600 
selection, 001 
specd.i, 51)7 

system charncteri.slic, 5'J'J 
tip .sfK^eds. 602 
total pressure, 597. 007 
Film coefficients, 77-9 
air Dulside, 85 
evaiHiiator tubes, 415 -0 
flooded, 447 
fluid. 77 

Ffhoii, 79 -83, 432 
water, 80-1 
Filters, 591-4, 632 -3 
Finned surface, 86-7, 542, 545 
FiLtiiigs. pipe, 304-6 
Float, 

high side, 519 
low side, 519 
Floors, 

foundation, 282 
freezer, 282 
Flow, 

control of, 307, 398 
equation for, 91 
ralRvS, 398 

thwiry of, 91 
turbulent, 97 
viscous, 95 

Food, freezing, 253 5, 505, 520 
heat of evolution, 253-5, 3-13 
procBBsing, 506 
Fouling, condensers, 434-5 
Foundation size, 410 
Frecizer, household, 501—7 
condensing units, 503-4 
controls, 505 

temperatures used, 505--C 
testing, 506 
Freezing points, 505 
aqueous solutions, 217 
Freon-11 (F-ll), 146-8 
ph chart, 146 

FrBon-12 (F-12), 140-64, 294-6, 535 
ph chart, 149 
rrBon-21 (F-21), 155-7 
ph chart, 155 

Frt‘Oii-22 (F-22). 15B-GH, 282 
ph chart. 158 
rreon-113 fr-lt3). 169-71 
P>eon-114 (F-114). 172-80 
Frequency, luoUir, 358 
Friction, 
factor, 98-9 


gaseM, 100 

los^-iii-duct chart, 603 
w'atL'r, 429, 431 

Frozen food eliesis, .502, 5.51)- 1 
Fruits, 255, 343 

beat of evolution, 343 
storage, 343 
Fumes, and smoke, .590 
Fusion, heal, uf, 253 5 

G 

(itiges, inelul aiid wire, 263 
typt>" . presHure, 392 4 
I laMv. 2 i 1 3 

di/itoiiiic, 78 

Mowing al right angles, 79 
lieatinl or cooled, 79 
liqnpfactioii of, 461- 8 
iioii-conileiisitile, 433 
Iieiicrator, 45 
Clla.ss, 
lof-'s, 33.5 

(jlif.'i.sai-y, ti57 7lj 
( liycul, 217 

liravity fiM’ii syslem, 156 
I'Jreek alphabet, 266 
t lrilles, i;3n- 2 
ii.'^pect rill if), (131 
r.luirat'lei'islic.s, 030 
iDi’.Ml.ion, 632 
tlirow', 031 
vclniily, 631 

H 

Jliiliili. U.rr!l., 2u:t, 171! 
IL'ilogenaled rL-frigcniiit, 321 
llaijipsijii system, 465 
Heat, 

evululiijji, 2.5.3 5, .343 
fusion, 340-J 
lug, 6J.5 

latent. 4. 2.53 .5, 310 1 
leakage, 33.5 
of mixing. 41 

oiH'iuted jiiai:liini‘H, 39, 498 51)1 
punqi, 636 
respiration, 253 5 
BUurM\H of, 333, 337 
specitic, 4, 244-.5, 25.3-5 
transfer, 84, 428 .32, 41.5 50 
wall li>s,s. 3.37 
Heat hjiid, 337 40 
atlic, 614 

r alculatirins, 619-21 

food, 616-7 

internal load, 615-6 

latent, 336, 617—0 

motors and lights, 342, 616 -7 

outside, air, 617-8 

people, 018 

restiiuraiiL equipment, 017 
simsible, 614, 619 
HunJight un glass, 615 
Heating, inside, 613 
Henry's law, 41 
Hermetic, 
machine, 489 
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BOini-, 517 

H3ri)tGiu, 518 
Horsepower, 271 
adiabBiic, 521 
indioated, IB, 32 
per tou, 37-8 

IloiMchold refri||£Qrtitor.-n, 483-507 
freesers, 601-7 
Human, 

carbon dioxide, 587 
comfort and henllb, 6B7 
Nimfori calculations, 620-2 
comfort Koue, 5B8, 014, 041 
eCfective temperature, 687 
BOB toxicity, 590 
heat loaB from, 342, 590, 01B 
indoor conditions, 588 
metabolism, 587 
occupancy, 687-8 
outdoor conditions, 588 
pbysiDluKical effects, 5D0 
quantity of air, 580 
ventilation Btaiidards, 680 
Ilumiditier, 633 
Humidity, 

IukIi cnmpartinmit, 487 
measure men L of, 300-1 
relative, 63, 66 
S|HiL'i(ic, 02, 66 
HydroRcn riiserve vessel, 501 
Hydrolysis, 321 
llyKromotor, 392 

I 

Ice, 

properties of, 255 
Indicated horsepower, 18, 32 
Indicator, 

diBgrams, 19, 34 
Inertia effect, 19 

Insulating material,s, 241 -52, 487, 
509-15 
odors, 517 

tnblca of values, 241-52 
Insulation, 279-89 
cabinets, 509-15 
coudurtivity, 241-52, 280, 285 
construction, 280 
kseping dry, 256, 4B7, 509 
pipe, 284-5 

piping and vessels, 285-9 
Beleclion of, 510 
specilicatJnns, 285 
testing, 514-5 

tbickiiBBs, 279, 283, 2B6-0, 338, 
612 

Interooolirig, 32 
ammonia, 400 
equipment, 459-00 
Iscntropic, 8 
Isobutane, IBl 
Isothcrinal, B 

J 

Jacketing, 25 

Joule-Thoinpson expansion, 404 


K 

k and K, defined, 241, 275 
values of, 241—63 
Katbabar unit, 52 
Kirch off's law. 88 

L 

Lamps, ultraviolet, 485, 4BB 
Latent heat, 4, 341, 017-8 
l^ak, 

detection, 203, 313. 614 
I^ectro dryer, 53 
Liuile system, 405 
Liquefaction of gases, 464 -9 
Liquid, 197, 1D9 
Liquid cooling, 457 
Lithium chloride, 41, 43, 44, 54—5 
Loud calculatiniis, 337—45, 629 
dehumidificr, 025 
refrigerator, 337-45 
surface calculations, 623-4 
Logarithmic mean area, 70 
fjogaritliinic mean tempernture dif- 
fcrciice, 85, 436 8 
Liignrithins, table of, 260-1 
Ijosses, 

enlruncc, 101, 101 
How. 101-4. 429, 431, 003 
obatruclinns, lOl 
Lcm-sirle, 402, 537-48 
air cooling bare pi|>e, 539 
coil arrangements, 545 
eutectic, 538 
evaporalor types, 538 
ruined surface, 542 
flat plate, 639-40 
in series, 540 
pipe r4hlB, 539 

Low-temperature sysleins, 457-C4 
Lubricauts, 311-G 

HbsLirptioii in refrigcniots, 313-5 
bearing, 320 
chemical stability, 311 
clipper plating. 320 
tiush and fire point, 315 
low temperature, 463 
mnisLure, 318 
recommendations, 314 
stability, 318 
viscD.sity. 313, 317-8 
volatility, 317 
Lubrication, 322-7 
Lye boiler, 470 


M 

Manometer, 304 
Materials, 

drying power, 330 
insulating, 241-52 
Mean temperature difference, 436-8 
Msthans, 182 
Methylamine, 194 
Methyl chloride, 183-5 
aluniinuin with 204 
Methylene chloride, 194, 456 
Methyl formate, 194 


Microswilch, 381 
Moisture, 320, 329-32 
effects of, 329 
hydrolysis, 204, 32S 
in refrigerants, 329-31 
in refrigerating machines, 325, 
331 

Monochloroditluoroinethane, 159- 
GB 

Motors, 347-61 
capacitor, 348 
controls for, 359 -61 
fractional hp, 347 
heat load, 340 
hernietii!, 354-5 
NEMA standards, 348 
polyphase, 351—4, 531 
repulsion, 350 
single phase, 347 
sizing. 401 
split pluiBB, 347 
squirrel cage, 351 
synchronous, 3,56, 361 
temperature rise, 361 
thenioil protection. 358. 491. 491 
variable speed, 531 

N 

NKMA standards, 49C, 678 
Nikuradse, 85 
Nitrous oxide, 186- 7 

O 

Occupancy, 647 
Odor, 200 

absorbers, 485 

Oil (see also lubricAnta), coni.ainina- 
iion, 478 

gum ronnation, 318 

increase in boiling point from, 533 

uiiscibUity, 201 

moisture in, 3l7 

properties, 312 

refrigerant Bulubilily in, 2(K), 313 
5, 321 

Hcparutora, 461, 532 
still, 456 
teats, 312 
viac<>aity, 316 
viscosity index, 312 
Operation, system, 475-G 
Othiiier plot. 44 
Overall, coelTicieutB, 79 
resistance, 84 
Ozone, 488 

P 

Packaging, 500 
Packing, 
shaft, 408 
Paints, 

metallic, 89 
Perfect gas, 39 
Perfnrinanuo, 
coefficient of, 10 
factor (PF), 45 
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Permenbiliiy to water vapnr, 25G 
PereoD. 

heat load, 342, 5Q0 
Pb ohart, 3 

Pipe, allowable stresa, 2D0 
braaa-flizea, 292 
coila, 531H44 
expansion, 309 
fittinKS, 30Q-6 
freexing of water, 287 
insulation, 285-8 
pressure drop in, 294-6 
Bpoeifieations, 29B 
nleel-sixes, 291 
thieknesa, 299 
Piston, 

forw's on, 405 

Plat^n-Muniere aystem, 498 501 
Platea, 

trnnafer to, 78 
Polytropic, 8 
Pond, 

spray, 369, 371 
Four test, 315 
Prandtl number, 78 
PrccipiLal>or, electroata I it, 503 
Precociler, 48 
Preaaure, absolute, 273 
condensing, 475 
differential, 393 

drop-li(|iiids and variora, 92 3, 
292-0 

nipjvsuremenh, 395 
oi)criitinK. 477 
partial, 39H0 
auction, 477 
vapor, 40 

Product lead, 333, 340, 343 
Propane, 188-9 
unit, 411 
Propylene, 100 
Psychrornetcr, 71-2, 681 
Psycbroinotric, 
chart, 65-71 
tables, 221-8 
Psychromelry. 511-74 
temiJeraturcB, 71-3 
Pumps. 

types, 489-90 
Purge valve, 444 
Purging, gases, 478 

R 

Radiation, 4, 75, 85, 89 
parallel planes, 88 
solar, 88, 338 
Ramil t’s law, 41 
Rectifier, 48 
Rcoxpanaion. 13 
Reflectivity, 85 
Refrigerant, 4 

absorption system, 201, 498-501 

characterbilies, 195-207 

charts, 110-94 

condensing, 197 

nontrol, 537 

cycle efficiencies, 416-8 

dlBchoTBe, 197 


cvarairatinn of, 443 
fittings, 300, 303 
halogenatcd, 195, 321 
handling of. 207 
hermetically scaled, 195 
household units in, 489 
inllainniability, 206 
leakage, 105 
leak tests. 201, 203-4 
properties, 110-8 
aalety, 205 

tables and charts, 110 94 
temperature, 197 
test, pressures, 300 
toxicity, 206 
vaporization, 107 
water solubility, 325 
weight of, 17 
Refrigeration, 
defined, 3 
design, 337-45 
load factors. 334 

ouLdoiir design temperature, 339 - 
40 

aystem, 44-5, 202 
typcK, 3 
Refrigerators, 
air changes, 338 
air coiling, 549 
air coniliig for, 341 
annual sales, 483-4 
bunker coil arrangement, 541 
ivibinet finishes, 487 
rJosed type display. 554-7 
commercial types of, 549-50 
cr)iiipurtmcnt.s, 485-7 
conipresflors for, 489-94 
eondeiisers, household, 492 
controls, 493-'4 
defrosting, 485, 493—4 
display casos, 554-7 
drying mothods, 331 
evaporators for, 492 
e^pansiou devicea, 402 
florist, 651 
Refrigerators, 

frozen food, 501-7, 650-1, 559 
gravity circulutiun in, 555 
heat oiwrated, 408-501 
hcrinetie, 489 
household, 483-507, 549 
insulation of, 487, 009-15, 651, 
554 

lights in, 485, 488, 555 
open type display cases, 558-9 
Iif^rformnnce, household, 495-0 
priiies, 483-4 
reach in, 544 
restnurauL, 540 
Becondary refriKcrant. 488 
sources of heat, 337 
statislics, 483, 502 
usage licat gain, 344 
walk in, 552, 546 
Reheat, 
use of, 585 

Relative humidity, 66 
measuremcDt, 71,^392 
Resorption cycle, 49 


Uespiratiun, heat of, 2,')3 
Restaurant, 
heat gain, 617 
refrigerators, 640 
Reverse cycle heating, 636 
Reynolds' numlier, 78, 04 
RoUry compressor, 518 
Rotomoter, 390 

S 

Safety code, 204, 200, 078 
8ale(>, 

rL-frijCeraior, 483-4 
Siiluratiif vapor, ilO 
Satu^ril.iiui nitiu, 63 
detilled, 582 
Say bolt seconda, 07 
viacoirieLpr, 97 
Seme deiioHii 84-5 
Scnibbera, air, 633 
Senla, 

tnliows, 525 
iliiiphragin, 525 
Secondary-cooling systom, 488 
Sensible heal factor, 06 
Servel unit, 51, 498- 501 
SiTviciiig, 501-78 
complainia, 561 
RompressDr too hot, 563 
conlrolH, .5()2 
expaiiainn vnlvc, 565 
float high aide, 565 
head preaaure high, 562 
lealra, 203 
noise, 577 

oiiemliim loo long, 573 
aliort cycling, 60fi 
apace warm or cold, 561, 564 
tenipcrature auction liim, 662 
Sheet metal gags, 263 
Sigma, function, 65 
Silica gel, 53, 330 
Sirica, table of, 257-8 
Sodium chloride, 

brine prnpcrtiea, 213-6, 218 
Snldcimg, 304 
Stjlrmoid. 529, .530 
Sidida, charactcriatic data, 244-*5 
Solubility, oil-refrigerunt, 322-3 
Solutions, 

con centra Lion, 39-40 
laws of, 39 
weak, 31), 45 
Specific hfftt, 

fond iiroducta, 253-6 
solids, 244 
Speed, 

of rotation, 25 
Spray, aijuJpnient, 371, 584 
pond, 369-71 
Slaiidanls, 677-9 
Stolic head, correction, 540 
Storage, food, 487-0. 505-^, 549-60 
Subcool ed, 5 
liquid, 5, 72 
Sublimatinn, 4 
Suction, 

gas superheat, 21, 23, 25 
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INDEX 


valvBfl, 14 

Hulfur diiixidc, lBl-3 
Superheated, 6 
Huclion Kaa, 21 
Surface, 

Doplins, 610, 623 
extended or fin, 84-6 
SyBiem, 

BharacterislicH, air, 600 

T 

Tank, capacities, 264-6 
Temptiraiurr*, 
absolute, 6 
ambient, 367 
critical, 5, 11)7 
Dribical-eoluLiuii, 322 
desiBn, 234-G, 263-6, 331) 
dry bulb, 66 
entropy-dinRrani, 6 
food freezinR, 5CM) 

Kradient, 281 
mean diffcrenct*, 43(i-8 
measuremont of, 406-7 
[lile, 311 

storaRC, 606, 644 
wet-bulb, 64, 681 
Tests, 

eiictRy consumption, 405-7 
heat IciikuRe, 406-8, 606 
manufacturer's doineHtic, 406, 
614 

NEMA, 406 
preHBurt'M used for, 300 
Thcrinocouvdc, 380 
radiation shield, 73 
wires, 73-4 
Theririndyimmics, 3 
first law, 6 
second law, !) 

Thernic) meters, 
dry-bulb, 302 
kIrss, 380 
Kata, 304 
rests tan or. 380 
wells, 302 
wnt-bulb, 302 
Thermostats, 
luc!atinii of, 386 
vap<ir filled tyixi, 380 
Throttling, 
suction, 620 


Tip speeds, fan, 602 
Torque, 

motor, 348, 351, 352 
Towers, cooling, 363-78 
atmospheric, 367-8, 370 
design, 366, 376 
mechanical draft, 372 3, 376 
packed, 376-7 
wet bulb, 364, 374 
Toxicity, 205-6 
Transmission, heat, 76 
evaporators, 446-60 
Trichloroethylene, 456 
Trigonoinctric tables, 257-0 
Two-thirda powers table, 89 

U 

Unit coolers, 546 

Unit, solf-contained, 637- D 

Usago, 

defined, 335 

V 

Vacuum, 

production, 332 
Valves, 

discharge, 404, 528 
expansion, 388, 519-20, 546 7 
ports, 527 
purge, 444 
srdenoid, 529-30 
suction, 404, 527-8 
Vapor, 

barriers, 280 
condensing, 70 
latent heat, 100 
pressure, 40 
saturated, 110 
sperifiD heat, 100 
Vegetables, 253-5, 343 
Velocity, 
effects, 3D0 
measurement, 307 
traverse, 300 
Vena Contracta, 02^ 
Veiitilutiim. 840 
Viacosity, 01-7 
absolute, 04 
ammonia, 95, 07 
ealeiuin cbloride, 100 
Freons, 94. 316-8 


gases, 05, 102 
kinematic, 05 
liquids, 05 

methyl chloride, 94, 96 
sulfur dioxide, 06 
theory of, 91-4 
Volume 
specific, 4 

Volumetric, ofTicieney, 8, 522 

W 

Walk-in refrigerators, 546 
WaU, 

loss, 333, 337 
thickness, 84 
Washer, air, 592 
Water, 

city, 237-9, 436 
coolers, 452-4 
fouling factors, 434 5 
friction loss, 428- 30 
jacketing, 24-5 
temperature, Huiiimcr, 236-0 
Water-sleaiii, 
ice, 224 

pressure drop, 293 
properties, 221, 224 
Weather eoiiditionH, 
design, dry-bulb, 234 
design, wet-bulb, 234 
summer, 234-6 
water, Niinuncr, 234 6 
wind direction, 234 
winter, 229-33 
Wet-bulb, 71, 57L) 

cooling tower, 3G4, 366 7, 374 
depression, 581 
error, 71-2 

thermo dynamic, 61, 681 
thermometer, 71, 581 
wicks, 71 
Williams unit, 61 
Wind direction, 
winter, 234 
Wiredrawing, 16, 20 
Wiring, 

diagram, 491-2 
Work, 4 

Z 

Zoning, 644, 650 
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The “REFRIGERATION CLASSIFIED" Sec¬ 
tion of the Data Book has been completely revised 
lor this edition. Special care has been taken to aug¬ 
ment the listings of materials needed espeeiallv for 
applications pertaining to our defense needs. 

The list ol lieadings is intended to include not 
only complete .systems or package units Init also 
all items of materials, coinpouents and accessories, 
which may become, through inanufacturing, as- 
semldiiig or installation on the job, integral parts of 
any type of refrigerating or air conditioning systi'in. 

For the convenience of the user, headings arc 
arranged in alphabetical order. The main listings 
for each item appear under the most generally ac¬ 
cepted name lor that item. Othcn- names for tlie 
same item are found in proper alphal)ctical order, 
with cross-references to the main listing. In some 
instances cross-references are found to other items 
which may not be the same but which may perform 
similar functions. In all instances the address of a 
source of supply is given together with its name. 

Advertisers are indicated by bold-face type, fol¬ 
lowed by a reference to the page number on which 
their advertising appears. 

Although the publishers assume no responsibility 
for accuracy or completeness of the listings, every 
effort has been expended to make the listings au¬ 
thentic and comprehensive. Suggested additions, 
or advice regarding inaccuracies or omissions will 
be warndy welcomed. 





INDEX OF ADVERTISERS 


Acklin Stamping Cd. ... 178 

Acme Inlustrles. Inc. 211 

Aerofln Corp. 11 

Airtemp. Div. ot Chrysler Corp. 19 

AIcd Valve Cd. 99 

American Brass Cd. 189 

American Flange Ik Mfg. Cd., Inc. 1J3 

American Hair &; Felt Cd. 134 

AmincD Re/rigemtion Products Cd. 149 

Anemostat Corp. of America . 14, 15 

Annapolis Yacht Yard, Inc. 207 

Ansul Chemical Co. . . . 115 

April Showers Cd., Inc. 169 

Armstrong Corh Cd. 132 

Armstrong Machine Works . 160 

Aurora Pump Co. 157 

Balter Refrigeration Corp. 63 

Baltimore Aircoil Co., Inc. 95 

Beach-Russ Co. 159 

Bell & Gossett Co. 209 

Belt-Ice Corp. 126 

Blnks Mfg. Co. 73 

Brunner Mfg. Co. 48 

Bundy Tubing Co. 193 

Bush Mfg. Co. 40 

Butcher Boy Cold Storage Door Co. 45 

Carrier Corp. 25 

Chrysler Corp., Airtemp Div. 19 

Collis Co... . 174 

CDncHlionaire Unit Co., Div. of Howe Ice 

Machine Cd. 198 

Copeland Refrigeration Corp. 65 

Crane Co. 109 

Creamery Package Mfg. Co. 49 

Curtis Refrigerating Machine Div. of Curtis 
Mfg. Co. 7 

Davison Chemical Corp. HI 

Dean Products, Inc. 152 

Dersch, Gesswein & Neuert, Inc. 46 

Doyle & Roth Mfg. Co. 31 

E. 1. du Pont de Nemours &. Cd. Inc., Kinetic 
Chemicals Div. . 113 

Fedders-Quigan Corp. 59 

Flltrine Mfg. Co. 90 

Fine PrDducts Co. 163 

Freezer Box Div., Annapolis Yacht Yard, Inc. .. 207 

Frick Co... 51 

Frigldaire Div., General Motors Corp.. 17 

Fuller Co. 47 

General Controls Co. 64 

General Electric Cd. . 29 

General Motors Corp,, Frigldaire Div. 17 

General Tire &. Rubber Co. 171 

Great American Industries, Inc., Hubatex Div. 130 

Halstead &, Mitchell . . 57, 76 

W. A. Hammond Drlerlte Co. 80 

Harry Cooling Towers, Inc. 74 

Heat-X-Changer Cd., Inc. 120 

Henry Valve Co.88, 102, 104, 141, 154, 180, 203 

Herrick Refrigerator Cd. 165 

Houdallle-Hershey CDrp.54, 96, 162 

HDwe Ice Machine Cd... . ...46, 198 

Hubbell Corp. . . 183 

Hussmann Refrigeration Inc. 83 

Imperial Brass Mfg. Cu. 107 

Industrial Wire Cloth Products Corp. 88 

Jamison Cold Storage Door Co. 43 

Jarrow Products .. 

Johns-Manvllle . 135 


Helvlnator Div., Nash-Helvlnator Corp. 21 

Kennard Corp.6, 10, 71, 94 

Kerotest Mfg. Cd . 205 

Kinetic Chemicals Div., E. I. du Pont de Ne¬ 
mours & Co., Inc. 113 I 


King Zeero Cd . 4 

Kinney Mfg. Co. 161 

Kohlenberger Engineering Corp. 39 

Kold-Hold Mfg. Cd. 15J 

Kramer Trenton Co. 195 

Larkin Colls, Inc. 41 

Lehigh Mfg. Co. 50 

McCord Corp. 55 

Mclntire Connector Co.86 

McQuay, Inc.. . 199 

Marley Cd., Inc. 75 

Mario Coll Cd. 200 

Mills Industries, Inc. 5.1 

Minneapolls-Honeywill Regulator Co. 67 

Modern Machine Works, Inc. 172 

Mundet Cork Corp. 138 


Nasb-Kelvinator Corp., Kelvinalor Div. .. 21 

John J. Nesbitt Inc. 9 

Niagara Blower Cn. . 97 

North Chicago Div., HoudaTlIe-Hershey Corp. 

.54, 96. 162 

Owens-Cerning Fibrrglas Corp. . .13, 12H 

Pacific Lumber Co. 137 

Pattcrson-Kelley Co., Inc. 58 

Penn Electric Motor Co. 100 

Penn Electric Switch Co. . 69 

H. A. Phillips & Co.126, 142 

Pittsburgh Corning Corp. 129 

Pressed Steel Tank Co. 79 

J. F. Pritchard A Co. 72 

Ranco, Inc. 68 

Randolph Products Co., Inc. 103 

Ready-Power Cd.62, 92 

Rector Mineral Trading Corp. . 1.16 

Refrigeratiun Appliances, Inc. 201 

Refrigeration Economics Co., Inc. 197 

Refrigeration Engineering, Inc. 196 

Remco, Inc. 87,106,141 

Revere Copper A Brass Inc. .. . 191 

Riverside Mfg. & Electrical Supply Cd. . 215 

Rome-Turney Radiator Cd. 105 

Rubatex Div., Great American Industries, Inc. 130 

Sarco Co., Inc. 167 

Cyrus Shank Co. .. 155 

SouthcD Div., South Chester Corp. lOl 

Stic-Kllp Mfg. Cd. 127 

Sturtevant Div., Westlnghouse Electric Corp. 23 

Sunroc Cd. 89 

Superior Valve A Fillings Cd. .88,104,121,204 

Tecumseh Products Cd. 61 

Temprlte PrDduct.s Corp. 89 

Torrington Mfg. Co. 27 

Trane Co. .IlB, 119 

Tyler Fixture Corp. 82 

Union Steel Products Co. 175 

United Corh Cos. 139 

United States Air Conditioning Corp. .17 

Universal Cooler Div., Tecumseh Products Co. 61 

Vllter Mfg. Co. 33 

Virginia Smelting Co. 35 

Watson-Stlllman Co. Ill 

Westlnghouse Electric Corp., Sturtevant Div. 23 

WiscDn.sln Motor Corp. 93 

Wood Conversion Co. 131 

Worthington Pump & Machinery Corp.144,145 

York Corp. 57 

Young Radiator Co. 77 

Harry Zysman, Inc. 125 
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Refrigeration Classified 


ISI^'the king zee.ro company 

'-'i F44/-J5 Montroie Ave. — Chiiago 13, lllmoii 



^eera" ICE BUILDERS 

for Sweet Wofer Circulating Systems 


T~ - Taim nf Irf? bI ynur 

^ rilapiiHiil without hiin- 

^ rilluB. 

Kiftru hlflily rfriclnnt 
fuliN fur Ifp hiillillnK- 

Kxtrn hichl.v rfflclpiit 
rdiitrnllpil wiitpr rlr- 
nilt fur Irp nirltliiit* 
Kxirtt ru|iMi‘Ily flMNh 
rnnllnc. 

rnmnIrtP with Z" 
I'nrlkliUiirJ Inauiutlon. 

Ilpfrlffprant fluul ran- 
Iriil vnivn ami Mlruln- 
i-r .Siirrly valvr. Dll 
ilraln viilvrit. M'afpr 
eiimrp poliimn. Hand 
Irp tlilrknrNB irniiirp- 
Kwlra hPBvy kuiiitp 
rnllN. 

Kvtra hravy irauirP 
lank. 

Aiilnmatlr Irp thlrk- 
ni'NN rnn trill nwllrh 
iiilitliinun. 

Npiit apprarina. Kln- 
iNhril arnuinn iihnrl 
aliimlmiin. 

KiirnlNhPil In 411 mori- 
pIn niid nlxpH, both 
vrrtlriil nnil hnrirnn- 
till, raparlllPB l,RnD lo 
la.nnil llm. in a nlnaln 
unit, 

(liip nr any niinilipr of 
tankn ran bo Pon> 
iii'r.tPil. 

Nmall f I liar Hpar.R rr- 
illilrpil. 

Hunt for Iona Hint.. 


The “KINCl ZEKRO" icp buililnr pnnnpcrs lo your fp- 
friKPiuting sy.5tpin. A ciri'Ulaliniz |uimp lonnpcls ihp 
iri'-lnillilpr in your spLomlary rquipnipnt. iMilk rnnlpr- 
viil-ilnueh mixer, lMc.) 

Tlir irp hullilnr lank is In lip almnst filleil with watpr. 
Refrit;pr:inl enters the loil.'? in Ihe ice builrier through 
Ihp final valve, or in Ihe ire huililiT eahinel through the 
expan.sion valves. The eompressor pulls the evaporated 
gas from Ihe coils, lowers the roil tcmpeialure to a point 
below freezing ami ice forms on the coils. When the ice has 
n thickness of 2 to 3‘i) inches the Ice-building process can 
bp stopped. 

All the water in the Ice builder tank is rot frozen. When 
It Is desired to u.<;p the refrlgeralinn stored up in the Ire It 
is only necessary to start the puin]i circulating water from 
the tank through the secondary equipment. 

The water absorbs a definite amount of heat in the sec¬ 
ondary equipment anil returns lr> Ihp Inlet eonnectinn on 
the ice builder tank. From here the warmed water starts 
a long definite travel through the Ice Held, gradually 1d.s- 
Ing Us heat to the slowly melting ice. At the end of the 
Journey through the ice field Ihe moving water is close to 
the melllng lee temperature. It enters the pump and Is sent 
on Its way again through the secondary equipment. 

When the day's ronling rpqiiirement.s are rumpleted the 
melted ice Is replaced by simply operating the eompYessor 
until the desired thickness is again attalnEMl. 



Ic 0 is formed on the roils (luring the off load period. 
Circulated water during the load period releases Ihe stored 
up refrigeration os neeiled. 

Will deliver 32“ to 31” sweet w'aler for circulation. 

Will deliver low lemjieratures if calcium chloride is 
added to Ihc w.-ilcr In he frozen. 

There isn’t any handling of the ice fnrmeil. Ire Is formed 
and melted on Ihe coils. 

A |ii:iclical way In cool a large volume with a com- 
par.iiively small refrigerating compressor. 

Ammonia, Methyl Chloride or Freon may be used as 
rcfrigeranl. 

A “KING ZEERO” ice builder may be changed from 
brine lo .sweet water or vice-versa at any time by simply 
changing the soluliun. 


CABINKT 

TYPE 


VIpw with iilflr open 



I'ltlrnlii PrndlnK 


^ Product In.suruice Bgaln.>it rerrlgerBllon fBlIure. 
it Non-Ill erhanicBl Built-In AgllBlIon. 

ComblnBlIon Flash Cooling and Ice Holdover. 

^ Kqulpped wllli "E" type permanently fixed efriclency 
louvres. 

Greatly reduces operating costs — requires only coni' 
parallvely small eomprcs.^or — Ammonia, Freon, 

Saves floor space — simple and economical to operate. 

"Thg Prvviil Standard In Sweat Water Ceeilng" 

Wrffa for BuffaHns Nds. 74-i and 95. 



Greater ice Capacity % Lower Cooling Costs • Economical • Efficient 



Refrigeration Classified 


APSORPTION SYSTEMS 

Carrier Curp., 302 S. CcddeK St., Syracuse I, N.Y. 

(ii. 

Gay EnKFR. Co., 2730 E. llLii SL. fiOB AngelfB 23, Cal. 

Tlenry Vdr^ MacViine Cn.. lOth it OriuHliy St., T..nuiRville 
iO. Ky. 

Worthlngiun Pump At Machinery (^orp., llarrlsun, 
N. J. (ji. /44' 

York (]orp., York, Pa. l;>. ,~ij) 

ACCESS DOORS 

Hahiisoii Cn., ion? S. -Miirsliall Si., iiistLin-S.ili'iii, N.C. 

Tlierwieh it NiGdennf'yer Cd., 1037 X. Mubbiircl Si., Mil- 

wauliro 12 , Wis. 

Pliili]) I'iiri'v Mfi;. ('n.. laii'lclaiid, Ii I.*). D. 

DithlHlrnni Metallic Dour Cu., ‘13ii JIuITilIi) Sl., James¬ 
town, N.V. 

EalHl.rorn Co.. 13 Falstrorn ('uiiri, Paasaic, N.J. 

York Curp., York, Pa. (;». .72) 


ACCESSORIES (See particular kind) 


ACCUMULATORS 

Acklln Stamping Co., 102') Nebraaka .Ave., I'uledn 7, 

O. in. i<\s) 

HiiliartJ M. AniialruiiK Co., Hov IKS, \\ . Cliealer, I’fi. 

Ilaker Refrigeration Curp., S. Windham, Me. 

CalifoniiiL Sl.tM'l rrodurta (’o., Harrett it ".A’’ SIh., Hii'li- 
iiiiiiirl, C)al. 

Creamery Package Mfg. Co. 124.1 W. Washington 
Klvd., Chicago 7, 111. (p. 

Doyle Ik Roth Mfg. Co., Foot 23rd Sf., Brooklyn 32, 
N.Y. (p..H) 

Fillrine Mfg. Co., 53 Ivexingloii Ave., Brooklvii 5, 
N.Y\ (;>. :n)) 

Frick Co., Waynesboro, Pa. (p. .7/j 

Gay Engrtz. (.Vi.. 2730 E. lll.li St., T>ofl .Aiigi-lea 23, Cal. 

Kaiioiore MiiL’liine rrotlimls, Iin;.. 15 Depew -Avi*., lyyima, 
N.V. 

Kohlenberger Engrg. Corp., KiOO W. Common¬ 
wealth, Fullerton, ('-al. i/i. 

Tj. fl. IGivi'n it Urn., Iiii'., 15'1 Guden .Ave., .Jersey Cil.y 7. 

.\.J. 

N unter (Inrp., 112(j S. 2iul .St., St. Enuia 1, Mo. 

H. A. Philllp.s Ai Co., 32.5.'* W. Carroll Ave., Chicago 
24, 111. fp. 

lieeo ProdiifiM Div., Uefrinitriilion Engrg. Corp., 2020 
Naudain St., IMiila. -Hi, P:v. 

Rciiico, Inc., Zelienople, Pa. (p. •'' <') 

lidw. J{.i‘finehurg it Suns t'n., 2l‘i3!1 Unalnii St., IliiKioiure 
24, .Mrl. 

Super l'nlci Cnrp., 1020 I'-, ri'.llli Sl., Eiih .AogiJeH 1, C:il, 

1 emprlte ProJucl.s Corp., 1). Maptle Kd., llurmiiig- 
hani, Mich. ip. .V.'yi 

Vilter Mfg. Co., 2224 S. Ist St., Milwaukee 7, Wis. 

(j». 

Mfg. Cn., 2.'UM) S. VN ealf^iii Ave., Cliii'-agt. 8, III. 
Wililinan lluiler it lank Cn., 3021) f Carroll Ave.. t'liicagn 
12, Ill. 

Worlhiiigton Pump Ac Machinery Corp., Ilarrisiin, 
N.J. (P. lU) 

York Curp., York, Pa. (jJ- -^2) 


AC:CUMULATURS, ICE Sl ORAGE TYPE 

Creamery Package Mfg. fio., 1243 W. Washington 
Blvd., Chicago 7. III. (P 4-0 

Dean Products, Inc., 1042 Dean Sl., Ilniiiklyn lb, 
N.Y. (p. C72j 

DoIl- Refrigerating Cn., 51)10 N. PiihiBki Hd., f.Jiieugo .’{0, 
Ill. 

Klng-Zeero Co., 1447 Montrose Ave., f:hlcago 13, 111. 

(p. 4) 

McQuay, Inc., IbOD Broadway, N.E., Minneapolis 13, 
Minn. (p. nm 

Natinnal KidrigeraturH Co., S27 Kueln .\ve., St. Louis 11, 
Mu. 

Nooter Corp., 1420 S, 2Md St., St. Louis 4, Mo. 

lleen Pruiluelw Div., Refrigeratinii lOiigrg. f.’nrp., 2020 
.Nnudain St., PliiludelpliiM 411, Pa. 

Vilter Mfg. Co., 2224 S. Ist St., Milwaukee 7, Wls. 

rp. 

Worthington Pump Ac Macliinery Corp., Harrison), 
N.J. (p. /44J 

York Corp.. York, Pa. (p- 5S) 


ABSORPTION SYSTEMS 
AGITATORS 5 


AtnTVATED ALUMINA (See DEHYDRANTS) 
ACTIVATED CARBON 

I Buradu it Page, Inc.. Guiiiotte it Alieliigaii Aves., KaiisaB 
! Ciiyl.Mc 

j Carbide dt, ('arhnri Clicmirals Corp , Unit nf Union Ciir- 
I bide (fc Ciirbuii Cnrp.. 30 E. -l^nd St., N.A'.t^. 17 
! H. I). I'miniir I'uigrg. Ciir|<.. Sln-lier Rock Lane, Daiil)ur.\', 
Ct. 

I llano Cnrxi., ^^ llnlinglon, Del. 

I E. 1. du Punt lie Nernuiirs it Co.. Inr., Wiiniingl on DH, 

I Del. 

i Filter Piipc?r Co., 2150 S. Mieliigun Ave., Chieugu 10, 111. 

; ADAPIER FLANGES 

. Aminco Hcfrlgerarloii Pr'. duels Co., l4544-3rd Ave., 
Detroil 3, Mich i P- /4.'0 

; Imperial Brass Mfg. l .o., 537 S. Racine Ave., Chicago 
7,111. (p. /n,j 

Mutili r iJrasB Co., J'urt Huron, Mii'li. 

I Seiivili .\Ilg. t o.. Ill Mill SI., \N alerluiry 20, Cl. 

I adhesives, CEMENTS, c:OMPOUNDS 

i .Aetna I’h'rtofvl it N'eneer Cn., 17!l!) I'Mstcjn Ave., tMiii-iigo 
22, iii. 

I Aiiierieae Miluimils i n.. 200 UuhIi Sl., S;oi Fnioi'iMcn 4, 

I Cal 

Arni.Hlrnng i;i>rk Co., Laiieasler Pa. l.p. /.‘f2) 

! .Vll.'iB Miinial F’miluel.n Cn., Mial/,! own, I’a. 

I Itenjaoiio Fusler Co., 11)35 \V. Girard .Ave.. IMiila. 31, Pa. 
('base Industriai liefrigerHtnr Ei|iiip. it Eogrg. Co., Ii30 
Reading Rd., IIending, D. 

Deiiiii.s Clieinii-al I'n., 2701 l’a|iiii Sl.. Sl . LnoiB.3, .Mm 
Dinv Clieniie.al Cn.. Midlaoil, Mirli. 

E. L flu Punt fie Neimmrii it Cn., Ine.., Wiliniiiglon !)S, 
Del. 

I' ireBlom; InduHtrial I’rodiii lH ('()., 1200 I' ireNtooe I’kwy., 
.Akron 17, I). 

Gliddeii Cn.. I 1001 .Mailinnii Ave., Clevelainl 2, I l. 

; H. F. Goudrieli Co.. 5(K) S. Main Si.. Akron, D. 
i Grant Wilenn, Ine., 3 ID S. L:i Salle St,, Cloeagi' 4, 111. 

: Jarrow I'rodiicis, 4211 N. I.a Salle Sl., Ghicago ID, IP 

I l /t. lS'i7i 

; Linear, Ine., Slfite Rd, it l.eviek St,, Pliila. 35, J‘a. 

; MaaH it VValdHiein Cn., 43K RiveiHide .Ave., .New.'irk 4, 

N.J. 

; MiniieMuta Mining A .Mfg. I’n., 000 T'aniiiiii'r SI., SI, Paul 
I D, .Minn. 

I Miraidi! AdlieniveH Cnrp , 2M !■). 53rd St., N.^’.U. 22 
! Peenr.a P.aiiit I’ti., .<51)1 .\. -llli St.. Pliili'de||ilii:i 40, l*;i. 

I I’eniiHvIvania S:ill .Mfg. (‘n , 1000 \\ idiau-r lUilg., Pliila- 
' ii;-l|dii:i 7. I’;.. 

Pillshnrgli Plate GlawH f'n., 1)32 Dui|iii!Hni; Way, J’itlM- 
Inirgli 22. Pa. 

I*la8ki>ii Div., I.ilibe.v, OweiiB, Ford Glass Co., 21J2 Syl¬ 
van Ave,., ruledu 0, I). 

j Presslile Engrg. I.’fi., .■'i*.i()0 ( li niil eau Sl . Lnois III, 

; Mu. 

: Haiiiliilpli Prinluels Gii., l^arlstaJl, N.J. (/n 
Stlc-kllp Mfg. i;o., 50 Regeiil Sl., Cambridge 4U, 

■ Mass. (p. IrJ,') 

U. S. llublie.r t.'o., 123(1 .Avr;. of tlie AriierieiiB, N.V.I?. 20 
: Attn Cleef Rrus., Inr:., 7800 S. Woorllawn Ave., Cliieugo 
! Ill, 111. 

; Virginia Smelting Co., W. Norfolk, V'a. (p. .i.7) 

: ADSORBENTS (See ACTIVA'PED CARBON; also 
DEHYDRANTSj 

AERATORS (See WATER I^DDLERS, BAUDELDT 
rVPEj 


I AGITATORS, BRINE, etc. 

I Arrow Tank Co., Inc., IG llarnetL St., RufTalu 15, N.YL 
I Baker Rcfrlgerailun Corp., Inc., S. Windham, Me. 

: (p. (i-il 

; fdreamery Package Mfg. Co., 1243 W. Washington 
! Blvd., Chicago 7, Ill. ip. 4''0 

' l■'rlt-k Go., Wayneshorii, Pa. l/j. u/j 

■ Gay ICiigrg. Co., 2730 E. lltli St., Los Angeles 10, Cal. 
kohlenberger Engrg. Corp., 161)0 W. Commoii- 
weallh, Fullerton, Cal. Ip. •'i-'n 

L. 1). Kijven it Pro., Inc., 154 Ogden Ave.. Jersey City 7, 
N.J. 

(Continued) 





AGITATORS 
6 AIR CONDITIONERS 


Refrigeration Classified 


AGITATORS, BRINE, etc. (Continued) 

TjchiKli Fan & Blower Co., 128 Linden St., Allentown, 

Ptt. 

.JoH. A. MorioiM'llo (t Co., 229 N. ]4tli St., Pliilit. 7, Pa. 

Nooter Corp., 1420 S. 2iid St.. St. Louia 4, Mn. 

Pi(|ii(i Miioliiiie & MIr. Cn., ^'iiunp; Jt I’nlleRi' Sts., Pirjim, 
t). 

Hero ProduetB Div., llefri|u;F!r'atir)ii I'iiiRpR. f.'urp., 21)20 
Naiidiiin St,, Pliilii. 40, Pn. 

SlHiidiinl J'lliT. MIr, Cij., Weal Hcrliii, N..I. 

Vllter Mlft. Cn., 2224 S. 1st St., Milwaukee 7, Wls. 

ip. S3) 

Henry VoRt Mnehinu Co., lOtli Ormaby St., Louiaville 
10. Ky. 

Wtitaun Fliiee Mneliina Co., MS K. 2ritli St., Paterson 3, 
N J. 

Wurthlndton Pump & Machinery Corp., Harrison, 
N.J. (p. 144) 

York Corp., York, Pa. Ip. /Ji?) 


AIR CI.EANERS. IXECTRONIC (See also AIR FIL 
TERS) 

Aineriryifi Air Filter Co., Inc., 215 Central Avc., Louis- 
villij R, Jvy. 

Iliiylheru) MIr f^i., Waltliam Mas-s. 

II. F. Slurtevani Ulv., Westlnjlhnuse Elec. Corp., 
101 Hi-advllle St., I) os ton 30, Mass. (p. ,^,1) 

'I'rion, Inc., 1000 laL'iiid Ave.. Mc.Kecs lloc.ks, I’a. 

W estiiiKlioiiHe I'ili'c. (^irp,, Ulinniilield, N-l. 


AIR CONItrriONERS, PORTABLE, FLOOR fli WIN¬ 
DOWS ILL TYPE 


AmBrican Coils Co., 25 T,iexiiiRton St., Newark 5, N.J. 

Baker Refrigeration Corp., S. Windham, Me. 

(p. f/.i) 

Carrier Corp., 302 S. Geddes St., Syracuse 1, N.Y. 

(p. J-'*) 

Evans MIr. 1-orp., 400 S. lOtli Avc., Ml. Vernoii, N.N'. 

Fedders-Qulgan Corp., 57 Tonawanda St., Biilfaln 7, 
N.Y. ip. oU) 

Frlgldalrc Div., Cen’L Motors Corp., Dayton 1, O. 

(P- 17) 

General Elec. Co., Air Conditioning Dept., 5 Law¬ 
rence St., Bloomfield, N.J. (p. 

HnstiriRs Air ConditimiiiiR (Jo., Inc., HaHtiriRs, Ncl^ 

Intcriiatiniial llarvcHtcr Cn., IRO No. Mir.liiRan Avi‘., 

OiieuRO 1, III. 

Kauffman Air CoriditirniiiiR Corp., 4.3.30 W. Pine Hlvd,, 
St. Louis, Md. 

L. it P. Elec, t'o., r>S4 Bedford .Avc., Brooklyn, N.Y. 

Mitchell MfR. Co., 2525 Clybourn Ave., tTiicago 14, III. 

NeviiiRcr MFr. Co., Clrecnvilli*, Ill. 

Pacific MIr. Corp., 75fK) Slanlon Avc., Cli‘vi‘l;i,iid 4, (). 

Philco Corp., Tioga iSc C Sts., Phila. 34, Pa. 

Pleaaautaire Corp., 14tli & K Sts., N.W., Washington .5, 
D.C. 

Refrigeration Engrg. Inc., 7250 E. Slaiisoii Avc., Los 
Angeles 22, Cal. ('/>. /.%') 

Tt.i^rningtoi) tlorp., Willey St,. .Auburn, N.^’ 

0. A. Sutton Corp., KFH Bldg., Wichita, Kan. 

Typhoon Air Conditioning Co., Inc., Div. of Ice -Air Coii- 
rlitioniiig Co., Tiic., 794 Union St., Brooklyn 15, N.Y. 

U. S. Air (Conditioning (birp., Como Ave., .S.E., al 
33rd St., MlnneapoliN 14, Minn. fp. 

WeMtiiiRhoiiHC Eli'c. Ibirp,, BliHiriifii'lil, .\..L 

Worthington Pump & Machinery Corp., Harrison, 
N.J. (p. ]4/,i 

York Corp., York, Pa. (jt. 12) 


Alrtemp Div., Cliry.sler Ciirp., IfiOO Wehsler Si., 
Day I on I, D. (p. //)) 



I AIR CONDITIONERS, SELF-CONTAINED 

I 

j Abbeon Supfily ( <>., 58-10 41hI Dr., B ooilsirlc. . 

I Air & Rfifrigeration Corp., 475-5tli Avc.. N.Y.C. 17 

: Alrtemp. Div., Chrysler Corp., IfiOO Webster Si. 
Dayton 1, O. Ip. /.'>i 

AmeriKan Coils Co., 25 Ticxington St,. Newark 5, N.J. 
.Anel.HbcrRcr Mrow., Inc., Nortlibrook, III. 

Baker Refrigeration Corp., S. Windham, Me. fp. tl.i) 
Brunner Mfg. Co., IK2I Broad St., Utica, N.Y. 

Ip, -^.V) 

Bryant Heater Co., 17825 St. Clair Avc.. Cleveland 10, 0. 
Carrier Corp., 302 S. I.eddes St., Syracuse 1, N.Y. 

(p. .2.1) 

('urtls Refrigerating Machine Div., Curtis Mfg. Co., 

; 1949 Rlenleii Ave., St. Louis 20, Mo. (p. / ) 

Fedders-Dulgan Corp., 57 I'oiiHwaiida .St., Buffalo 7, 
N.Y. (p. 

Frick Cn., Waynesboro, Pa. (p. -W) 

Frlgldalre Div., Gen’l. Motors Corp., Dayton I, O. 

fp. 17) 

General Elec. Co., Air Conditioning Dept., 5 Law¬ 
rence St., Bloomfield, N.J. (p. 2.'0 

rienenil Kefrigcnilion Div.. A'iiles .Aincriinn Moiliioc 
(’o., Beloit, Win. 

Govcniaire fb»rp., 513 N. Illackwclili'r. nkliilit)iii:i Ciiy, 
Dkla. 

Kauffman Air Conditioning Corp., 43311 W. Pine lUvd., 
St. Louis, Mo. 

Ij.A'.I*. Elec. Co., 1184 Bedford Aviv, Uruuklyn, 

Mitchell Mfg. Co., 2525 Clybourn Avc., Chicago 14, 111. 
Nevinger Mfg. Co.. Greenville, 111. 

Refrigeration Engrg. liic., 7250 E. Slausnn .Ave., fats 
Angeles 22, Cal. 'p. 

Servel, Iiic., EvunsvillB 20. Ind. 

B. F. Sturtevanc Div., Westlnghouse Elec Corp., lOl 
Readvllle St., Boston 36, Mass. (p. ^.i) 

Trane Co., La Crosse, Wls. (p. US) 

Typhoon Air Conditioning Co., Int;., Div. of Ice Air 
Conditioning Co., Inc., 794 Union St., Brooklyn 15, 
N.Y. 

Uniled (hoiditiDiiiiig Corp., 74 Varick Si., N.Y.C. 13 
U.S. Air (hinditioning (^orp., Ibimo Ave., S.E. at 33rd 
St., Minneapolis 14, Minn. ip. 

Worthington Pump fli Machinery Corp., Harrison, 
N.J, Ip. 144) 

XL Refrigerating Co., 1834 4^. 59th St., Chicago 3G, III) 
York Corp., York, Pa. (p. 




Refrigeration Classified 



ffiore Than Ever 


Because Most 
Installations 
are Within the 
Curtis Range 
-2 through 
40 Tons 


Wilh until, 
you con hondla any 
AIR CONDITIONING— 
refrigeration or AIR 
MOVING JOB wilhin Ihii rang* 

— and whan lha |Db li lold, il 
STATS SOtO bocauia lha QUALITY 
15 THERE No cornan hava boon cul in lha 
monufoclura of Curlfi aquipmanl —pound 
for pound, il'i lha bail buy in lha induilry 



2 IhroKgh B Tor PACKAGED UNITS 
IShppprI to you cpmoldaly aitambUdl 






Advertising Support A-Pienty 

/ ' 


- u 

14 H P Ihrough 40 M P 
ConJaniing Unili 


SATURDAY EVENING ROST 
TIME 

NEWSWEEK 


and many ipsclal 
coniumir puUlEalioni 
art pr« ••lllnB Curfii 
■quipminl lo ynur 
praiparti 




CURTIS REFRIGERATING MACHINE DIVISION 

bT Cvrlii ManufaKturmg CBii^ny 

”4’K..nl.n Av. 5. lovl,2DMn 


•'*OTi — A Curlii hanchiii 
"ay b* spin In your otib 
WHIb alvlng lull dslalli 

YBOfi of 

SvitBssfvl kianufiiilunng 








B AIR CONDITIONING COILS 


Refrigeration Classified 


AIR CONDITIONING COILS, CHILLED WATER 
(C—also with cleanable tubes) 

(C) AeroAn Crjrp., 410 Geddes 5t., Syracuse, N.Y. 

(p. 11 ) 

American Coils Co., 2 B LexinKtnn 8t.. Newark 6 , N.J. 
Bell & Gossett Co., N20D Austin Ave., Mnrton Grove, 
III. (p. 2{)i)) 

fC) TlulTiiln ForKH Ct»., 217 Mortimer St., Buffalo, N.V. 

(C) Bush Mfg. Co., 179 South St., W. HarHord 10 , Ct. 

(p. AO) 

(C) Claraire Fan Co., Porter St., Kalamazoo 10, Mich. 
Condltlunalre Unit Cn., Dlv. of Howe Ice Machine 
Co., 2815 Montrose Ave., Chlca^Lo 18, Ill. 

(p. HIS) 

(G) Drayer-llunson, Inc., 3301 Miidford St., Los Angelin. 
33, Cal. 

f'. A. Dunliam Co., 400 W. Madison St., Chicafco 0, Ill. 
Frlgldalre Dlv., Gen'l. Motors Corp., Dayton 1, O. 

(p. 17) 

fJ & 0 Mfn. Co., 138 Winchester Ave., New Haven 8, Ct. 
Govi'riiiiirt! C’urp., 513 N. Hlackwfddftr, Oklahoma City, 
Okla. 

((]) General Elec. f]o.. Air Conditioning Dept.. 5 
Lawrence St., BloomReld, N.J. Cp- 29) 

(f-) tJoiicTal llrfriKorution Div., VatKs-Amerinan Mu.- 
nliiiir Cii., lli'loit. Wis. 

(C) Halstead S Mitchell, Bessemer Bldg., Pittsburgh 

22, Pa. (p. r,7) 

((") liiciustrial Mlft. & Energ. Co,, 3845 N. Raveiiswood 
Avl*., (3iicagiJ 13, III. 

Kennarcl Corp., 1819 S. Hanley Rd., St. Louis 17, Mo. 

(P. 0 ) 

Kmnier Trenton Co., Olden & Breunlng Aves., 
I'renton 5, N.J. (yj. 19ft) 

liDiiC Mfg. Div., Horg-Warncr Corp., 12501 Deiiuindre 
iSt., Delroit 12, Miidi, 

(C) Mt'CJuay, Inc., 1600 Broadway, N.E., Minneapolis 
13, Minn. (p. J9ff) 

(Ci) Mario Coll C.o., 6135 Manchester Ave., St. Louis 
10, Mo. ip. £(./(>) 

Moiliiu' Mfg. (’o., Rurine, Wis.- 

(C) John J. Nesbitt, Inc., Phlla. 36, Pa. (p. 9) 

Ni'viiigiT Mfg. (’ll., Iiri'orivillf. 111. 
fA, H) Piii'i* (!ij., Illi N.W. (Vuir;h, IVirllftnrl, On*. 
RerrlgiTUtlon Anpllarii'ea, Inc., 917 W. Lake St., 
(dilcago 7, 111. (p. 2i(U) 

Kefrlgerutlon Economics Co., Inc., 1231 E. I'uscara- 
WHN St., Canton 4, O. (p. 197) 

Kerrlgerallon Engrg., Inc., 7250 E. Slauson Ave., Los 
Angeles, Cal. (p. 199) 

lli-iunc Co., 340 N. Sacramsnto Ulvd., CliicagD 12, III. 
((’) Itigidhilt, liif., 2H50 W. I'liitoii St.. ChiraKO 12, Ill. 
Home-'l'urney Radiator Co., Rome, N.Y. (p. lufi) 
V. Iv SnriioHu Cn., Ini’,, Columliiis, hid. 
f(3 D. I'. Sturtevant Dlv., Westlnghouse Elec. Corp. 

101 Readville St ., Boston 36, Mass. (p. £9) 

.SnpiT-l'old ( 'nrp., 1021) I'i. riOtli Wt., hoft .Aiigi'li'S, C;il. 
(C) Super lliidiiitor Corp., 0714 Walker St., St. Louis 
Park, Miiiiu‘Ji]ioIis 10, Minn. 

Tnimi'y ICnRrg., Inc., 20 Avti. H, Newark 5, N.J. 

((<) Trane Co., La (irosse, Wls. (p. IIS) 

3'ypliooii Air ConditioniiiK Co., Inc., Div. of Ice Air Con- 
ilitiujiiiiK Co., Inc., 704 Union St., Brooklyn 15, N.Y. 
(C) U.S. Air C.nndlrlonliig (3irp.. Como Ave., S.E., at 
33rd St., Minneapolis 14, Minn. Tp. 57) 

Vllter Mlg. Co., 2224 S. Ist St., Milwaukee 7, Wls. 

(p. 

Wliillni k Mfg. I n., HI Sinilh Si., lljirtford 10, CL. 

lO Worthington Pump & Machinery Corp., Harri¬ 
son, N.J. [p. / 44 ) 

York Corp., York, Pa. (p. 5£) 

(C) Young Radiator Co., Racine, Wls. (p. 77) 


AIR CONDITIONING COILS, DIRECT EXPANSION 
AeroAn Corp., 410 Geddos St., Syracuea, N.Y. 

(P- 11 ) 

AiiKTican Coils Co., 25 T^ington St., Newark 5, N.J. 
Baker Refrigeration Corp., S. Windham, Me (p. (j 5) 
Hell 8i Gossett Co., H20D Austin Ave., Morion Grove, 
111 . (p. eft9) 

Krtz. Ci.iru., 445 State Si., llainiULind, Iiid. 

BnlTiiln I'nrgc Cn,, 217 Alurtiiner Si., HuITulu. N.Y. 
Bush Mfg., 179 South St., W. Ilarcford ID, Cc. 

(p. 40) 


CLarage Fan Co., Porter St., Kalamazoo IB, Mich. 
Condltlonalre Unit Co., Dlv. of Howe Ice Machine 
Co., 2815 Montrose Ave., Chicago 18, Ill. 

(p. 198) 

Drayer-Hanson, Inc., 3301 Medford St., Los Angeles 33, 
Cal. 

C. A. Dunham Co., 400 W. Madison St., Chicago 6, Ill. 
Prick Co., Waynesboro, Pa. (p. ol) 

Frlgldalre Dlv., Gen’l. Motors Corp., Dayton 1, O. 

(p. 17) 

General Elec. Co., Air Conditioning Dept., 5 Law¬ 
rence St., BloomAeld, N.J. (p. £9) 

Denenil Hcfrigeratioii Div., Abates-.American Muchinc 
Co., Beloit, Win. 

Governairc Corp., 513 N. Bliickwcldcr, Oklahoma City, 
Okla. 

Hastings Air Conditioning Co., Inc., Hastings, Nob. 

Howe Ice Machine Co., 2825 Montrose Ave., Chicago 
IB, Ill. l/J. I9S) 

Industrial Mfg. A Engrg. Co., 3845 N. Ravenswood Ave., 
Chicago 13, Ill. 

Kennard Corp., 1819 S. Hanley Rd., St. Louis 17, Mo. 

(p. fi) 

Kramer Trenton Co., Olden & Breunlng Aves., 
Trenton 5, N.J. (p. 190) 

Larkin Colls, 519 Memorial Dr., S.E., Atlanta 1, Ga. 

(p. 41) 

Long Mfg. Div., Borg-Warner Corp., 12.501 Dcquiiidre 
St., Detroit 12, Mich. 

McQuay, Inc., 1600 Broadway, N.E., Minneapolis 13, 
Minn. (p. 199) 

Mario Coll Co., 61.35 Manchester Ave., St. I.ouls 10 , 

Mo. (p. £00) 

Modine Mfg. Co.. Racine, Wis. 

Nfvingcr Mfg. (Ui., Grt'inivillc, III. 

Refrigeration Appliances, Inc., 917 W. Lake Si., 
Chicago 7, 111. Ip. £01) 

Refrigeration Economics Co., Inc., 1231 E. Tus¬ 
carawas St., Canton 4, O. (p. 197) 

Refrigeration Engrg., Inc., 7250 K. Slauson Ave., Los 
Angeles, Cal. ( 7 ;. llsi) 

licmpB Co., 340 N. SacraniBiitu Blvd., Chicago 12. Ill, 
Rigiubilt, Inc., 2851) W\ Fulton St., (.dticago 12, 111. 
Rome-Turney Radiator Co., Rome, N.Y. fp. IftO) 
Shaw-Kondall Engrg. Co., 120 S. Superior St., Toludo 4 0, 
V. E. Sprouse Cu., Inc., 1804 22nrl St., CnluinliuH, Ind. 

B. F. Sturtevant Dlv., Westlnghouse Elec. Corp.) 

101 Readville St., (p. £S) 

Supor-t'old f.^>rp., 1021) Fj. 5!lth ,St.. Los .\ngi‘loH J, f!iil. 
Super Radiator Corp., G714 W^alker St., St. I^ouis Park, 
MiniieupuliB 10, Minn. 

Tenney Engrg., liic., 26 Ave. B, Newark 5, N.J. 

Trane Co., La Crosse, Wls. (p. IIS) 

Typhoon Air Conditioning Co., Inc., Div. of Ice Air Con¬ 
ditioning Co., Inc., 704 Union St., Brooklyn 15, N.AG 
U.S. Air Conditioning Corp., Como Ave., S.E., at 
.33rd St., Minneapolis 14, Minn. (p. 87} 

Vllter Mfg. Co., 2224 S. Ist St., Milwaukee 7, Wls. 

(p. 88 ) 

Worthington Pump & Machinery Corp., Harrison, 
N.J. (p. 144 ) 

XL llefrigernting Co., 1834 W. 5!)tli St., C’liicago .■•((;, III. 

York Corp., York, Pa. (p. 0£) 

Young Radiator Co., Racine, Wls. {p. 77) 


AIR CONDITIONING COILS, HEATING, HOT 
WATER 

AeroHn Corp., 410 Geddes St., Syracuse, N.Y. 

V ill) 

American Coils Co., 25 I^cxinglnn St., Newark 5, N.Y. 
Baliiisoii Cn., l(M)l S. Marehall St., WiiiBti.Mi-Sali‘iii 7, 
N.C. 

Baker Refrigeration Corp., S. Windham, Me. 

ip. (18) 

Bell & Gossett Co., 8200 Austin Ave., Morton Grove, 
Ill. Cp. £09) 

Buffalo Forge Co., 217 Mortimer St., Buffalo, N.Y. 

Bush Mfg. Co., 179 South St., W. Hartford ID, Ct. 

(p. 40) 

CLarage Fan Co., Porter St., Kalamazoo 16, Mich. 
Curtis Refrigerating Machine Dlv., Curtis Mfg. Co., 
1949 Klenleln Ave., St. Louis 20, Mo. (p. 7) 
Drayar-Hanson, Inc., 3301 Medford St., Lob .Angeles 33, 
Cal. 

G A 0 Mfg. Co., 138 Winchester .Ave., New Haven 8, Ct. 

(Continued) 
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NESBITT SURFACE 


FOR HEATING, DRYING, COOLING, DEHUMIDIFYING 





Ori^innlors of 
FRUEZtlFKOOF 
Hefitififf Surfncf* 
wilh Dtiftl Slt*fini- 
DisiriIt IIfif 1^^ Tuhcs 


Also Originators of Cooling (U atvr) 
Surface wilh the exclusive drain feature 
nd with the Surface pitched in the casing! 



EncIusIvb Nnibltt 
Dralnabllity 
Featuro 



CleanabiB 

WatBP 

Surface 

With 

RemovablE 

HBaderi 


SERIES W Continuous tube or cleaiiahlr: tube water surface for air-cooling 
and dehutiiidifying with cold water, or air healing with hot water. Construiled 
of copper tubes and plate-type aluminum fins. Single, double and half-serpen¬ 
tine arrangements. Available in wide range of sizes in three types: TYPH WD 
sections incorporate the exclusive Nesbitt drainability feature (illustrated at 
left) and have the surface pitched in the casing. Positive drainage of all 
tubes and return bends is insured, protecting the surface against winter freezi'- 
iips. Publication 246. TYPE WB sections are for booster-heating or air-cooling 
applications where air volumes are relatively small and drainability unneces¬ 
sary. Constructed same as Type WD sections except that the surface is set 
level in the casing and the drainability feature is omitted. Publication 246. 
TYPE WC sections employ standard Nesbitt Series W Surface cores, pitched 
in the casing, and are designed for applications where the tubes require periodic 
cleaning. Headers are constructed of close-grained gray cast iron with remov¬ 
able cover plates (illustrated at left) permitting inspection of the interior 
without disturbing connection piping. Drainability is obtained by removing 
drain tappings at both ends of the section. Available in single and double 
serpentine circuits in a range of sizes. Publication 233. 


SERIES H Highly efficient blast-coil heating 
surface designed for general heating, ventilat¬ 
ing, air-conditioning and drying in both high- 
and low-pressure steam systems. Copper tubes 
and headers, aluminum fins, lightweight like 
Series D Surface, but without steam-distributing 
tubes. Available in seven surface types, full 
range of sizes. Publication 24B. 

Neibia Surface is manufactured and sold by 

JOHN J. NESBITT, INC. 

Branch Offices in Principal Cities 


SERIES D Heating surface wilh Steam-Dis¬ 
tributing Tubes. Freezeproof filus. Even dis¬ 
tribution of the smallest amount of steam over 
the full length of the surface; therefore: UNI¬ 
FORM discharge temperatures; perfect control¬ 
lability with modulating valves; inherent pro¬ 
tection against freezing. Ideally suited for pre¬ 
heating outdoor air. Copper tubes and headers, 
aluminum fins. Available in Type DS, with 
single or DUAL steam-distributing tubes, 
single steam headers, in lengths up to six feet; 
and Type DD, with DUAL steam-distributing 
tubes, two supply headers for greater lengths 
up to ten feet. Publication 247. 


WHITE TO JOHN J. NESBIH, INC., PHILADELPHIA 36, PA., FOR COMPLETE CATALOGS AND DATA. 






AIR CONDITIONING COILS 

10 AIR CONDITIONING FAN COIL UNITS Refrigeration Classified 


AIR CONDITIONING COILS. IIRATINC;, 

HOT WATER (Continued) 

General Elec. Co., Air Conilltlunlng Dept., 5 Law¬ 
rence St., Bloomfield, N.J. (p. iHJ) 

liiduBtrial Mlg, dc En^rK. Co., 3S46 N. Rnvtin h wood Ave., 
ChicagD 13, III. 

Kennard Corp.. 1H19 S. Hanley Rd.. St. Loula 17, 
Mo. (p. O') 

Kramer Trenton (^o.. Olden & Rreunlng Aves., 
Trenton 5, N.J. (p. t!fn) 

Larkin Colls, 519 Memorial Dr., S.E., Atlanta 1, Ga. 

(/>. 40 

McDuay, Inc., IbOO Broadway, N.E., MlnncapollB 13, 
Minn. ip. JU!f) 

Mario Coll Co., 6135 Manchester Ave., St. Louis 10, 

Mo. (p. 200 ) 

Modine Mfg. Cd., IlaRiiie, Wis. 

John J. Nesbitt. Inc., Phlla. 36, Pa. [p .0) 

Ni'vinunr Mfia;. t’rj., (irctMivilli*, Ill. 

Refrliieratliin Appliances, Inc., 917 W. Lake St., 

Chlcanii 7, 111. (p. 20 !) 

Refrigeration Economics Co., Inc., 1231 E. Tus¬ 
carawas St., Canton 4, O. (p. 107) 

Refrigeration Engrg., Inc., 7250 K. Slauson Ave., Los 
Angeles, Cal. (p. 100 ) 

Kcmpc Co., 340 N. Sarramrinto Hlvd., ChicaKO 12, III. 
IliKicibilt, liic., 2S5I) W. Fulton St., C*liii-.u|i;o 12, 111. 
Rome-Turncy Radiator Co., Rome, N.Y. (p. 105) 
Sliaw-Kcndall Eni^rK- Co., 12U S. Superior St., 'J'oledo 4, 
0 . 

V, E. Sprouse Co., Inc., Coluiiibus, Iiid. 

B. F. Sturtevant DIv., Westlnghnuse Elec. Corp., 
101 Rcadvllle St., Boston 36, Mass. (p. 2 H) 

SupfT-Cohi Cftrjj., 1021) 1']. 50tli iSl.., Los AnnileH, Ciil. 
Super Uadiatnr Corp., 0714 Walker St., St. Louis Park, 
Miiiiieapnlis lU, Minn. 

Tenney EriKrK-. Inc., 20 Ave. H, Newark 5, N.J. 

Trane Co., La Crosse, Wis. (p. US) 

Typhoon Air ConditioniiiK Co., Inc., Div. of Ice Air 
Cktnditioning ('o., Inc., 71)4 Union St., llrooklyii 15, 
N.Y 



AIR CONDITIONING BLOWER UNITS 

COMFORT OR INDUSTRIAL 

Freon — Water — Ammonia 



Sizes 300 ro 20,000 CFM. I 

Vertical and Horizontal types. 

Write for Bullelin No. 4B6. 

OHA Unit "Space Saver" for | 

office, hotel and apartment op- j 

plications. to 1 tons. ! 

KENNARD CORPORATION | 

1119 5. HANLEY ROAD • ST. LOUIS 17, MO. 


U. S. Air t^undltinnlng Ciirp., Conin Avr., .S.E. at 

33rd St., Mlnneapnlls 14, Minn. [p. 37) 

Vllter Mfg. Co., 2224 S. Ist St., Milwaukee 7, Wis. 

ip. S3) 

Whitlock MIk- I'd., SI Soulli St., Ilartfiirr] ID, l.'t. 

Worthington Pump & Machinery Corp., Harrison, 
N.J. [j). 144) 

York Corp., York, Pa. (p 

Young Radiator Co., Racine, Wis. (p. 7 7) 

AIR CONDITIONING COILS, HEATING, STEAM 
(F Freeze Proof Construction available) 

(F) Aerolin Corp., 410 Geddes St., Syracuse, N.Y 

iv.ll) 

American (Juils Co., 25 Lexington St., Newark 5, N.J. 
UahiiHUii Co., lOni S. Marslisill SI., WinHtiiii-Saleiii 7, 
N.C. 

IF) lluITulii ForRi- Cu., 217 Murl.iim-r St., MulTiili), NA . 

(F) Bush Mfg. Co., 179 South St., W. Hartford 10, Ct. 

ip. 4'>) 

(F) CluruKC Fan Co., Porter St., KalamazOD IG, Mich. 
Cunis Refrigerating Machine Div., Curtis Mfg. Co., 
1949 Klenleln Ave., St. Louis 20, Mo. (p. 7) 
(F) Drayer-HiinBon, Inn., 3301 Medforu St., Ldb Angelffi 
33. Cal. 

(F) (J A; 0 MIk. Cii., 13S Winchester Ave., New Haven 
8, Ct. 

(F) General Elec. Co., Air Conditioning Dept., 5 
Lawrence St.- Bloomfield, N.J. Ip. 20) 

Coveriiairc Corp., 513 N. Ulaekwelier, Oklahoma Cilv, 
()klu. 

llastiiiKs Air ConditioniiiK Co., Inn., llastiiiKs, Nclj. 

(F) Indiintrial MfR. A EiiKrK- Co., 3845 N. Havenswooil 
.Ave., ChicaKO 13, Ill. 

(F) Kennard Corp., IH19 S. Hanley Rd., St. Louis 17, 
Mo. (p. O') 

(Fi King Co., !)02 N. (h>rJar St., Owatnniia, Minn. 
Kramer Trenton Co., Olden & Dreunlng Aves., 
'I'reiiton 5, N.J. {]).I05) 

Larkin Colls, 519 Memorial Dr., S.E., Atlanta 1, Ga. 

ip. 4>} 

(F) McQiiay, Inc., 1600 Briiailway, N.E., Mlnne- 
upulls 13, Minn. (p. lOo) 

(F) IVhrlo Coil Co., 6135 Manchester Ave., St. Louis, 
10, Mo. ip. 2ini) 

Modinc Mfg. Co., Racine, Wis. 

(F) John J. Nesbitt, Inc., Phlla. 36, Pa. (p. o) 

NrvinitiT MIk. Cl)., IIreeiivilli-, 111. 

Refrigeration Appllunces, Inc., 91H W. Lake St., 

Chicago 7, 111. ip. 201 1 

Refrigeration Economics (ilu., Inc., 1231 E. Tus¬ 
carawas St., (Canton 4, O. (p. /'>7) 

Refrigeration Engrg., Inc., 7250 E. Slauson Ave., Los 
Angeles, Cal. (p. 100) 

Renine (^-’o., 340 N. Sacramento Rlvd-, Cliii^aKD 12, Til. 
(F) lliKidliiU, Inc., 2850 W. Fulton St., f'hicaKU 12, Ill. 
Hume-'I'urney Radiator C7o., Rome, N.Y. (p. 105) 
Sliaw-Kcndail Eiikfk- Co., 120 H, Superior St., Toledo 4, 0 

V. 1^. SprnusP Co., Inc., rhjlumliuH, Ind. 

(F) B. F. Sturtevant Div., Wcstlnghouse Elec. Corp., 
101 Readvllle St., Boston 36, Mass. (p. 23) 

(F) SuiMT-t'nlil Corp., 1020 iv 5!)lli Si., Loh .\nK[‘l[-iH 1, 
(■al. 

Super Radiator Corp., 1)714 Walker SI. St. Taiuis Park, 
MinneapoliH lli, Minn. 

'rcniiey EnKrg., Ine., 20 Ave. R, Newark 5, N.J. 
(FlTrane Co., La Crosse, Wis. ip. US) 

Typhoon Air CvOnditioniiiK Co., Inc., Div. of lee Air 
(^niiilitioniuB Co., Inc., 704 Union St., Brooklyn 15, 
N.Y. 

|F| U. S. Air Conditioning (airp., Como Ave., S.K., 
at 33rd Si., Minneapolis 14, Minn. Ip ■^7' 

Vllter Mfg. Co., 2224 S. Ist St., Milwaukee 7, Wis. 

ip. 33) 

Whillni'k Mfg. Cii.. HI Soulli SL, Hartforil 10, Ct. 

(F) Worthington Pump & Machinery Corp., Harri¬ 
son, N.J. ip. 144) 

York Corp., York, Pa. (p. 52) 

(F) Young Radiator Co., Racine, Wis. (p. 77) 

AIR CONDITIONING FAN CAHL UNITS 
(C—Celling mounted; F—Fluor mounted) 

Alrtemp Div., (]hry8ler Corp., IbUI) Webster, Dayton 
1,0. fp. io\ 

(F) American Coils Cd., 25 LexinKton, St., Nevrark 5, N.J. 
(C,F) Baker Refrigeration Corp., S. Windham, Me. 

(p. 03) 

( Continurd) 
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Flvxtlubi' Avrofifi 



Vmt L'Tsal Avrufin 


/4erofin 

Heat-Exchange Surface 




Ai rofin Cnniitiuou.s CIcanablv 

/ nhf H'4tti’r Coi/ I'ubv Unit with 

Kcniitrahlv Hi'adtrr 



Fxftanunii Unit 

Dirccl txpamion 
Unit with 

CrniTi/ufial Ht'adrr 


PR O FEiV 
PERFORMANCE 

• Acrofiii faii-syslrm lipal-f'xi'liuii|ij;i‘ 
surface is ailaplable to meet all prae- 
tieal requiremenls of refrijj^erntion. 
The line is eomplrle—for ilirei*l-rx- 
pansion refrigeranls anil waler. 

■ An unei|ualle[1 liaek^rouiiil of ilevel- 
opnienl, research anil manufacliirin^; 
is assurance of operating efliciency, 
long service life anti low mainlenanre 
costs. Aerolin performance is proven 
performance, 

• Senil for technical literature 
or consult your Aerolin ilislrict 
office for the solulion of your 
heat-exchange problem. 


AEf^OflN Corporation 

410 South Geddes 5f., SVMCUSE 1, N. Y, 

NEW YORK - CHICAGO - CLEVELAND - DETROIT 
PHILADELPHIA - DALLAS • SAN FRANCISCO - TORONTO - MONTREAL 












AIR CONDITIONING FAN COIL UNITS 

12 AIR PURIFICATION EQUIPMENT Refrigeration Classified 


AIR f:nNnrrir)NiNt; fan 
COIL UNITS (CoiiHiiupil) 

f'urjj., 145 Sliitn SL, Il:i.iiiini»n(i, Iiul. 

(fpl') ItiifTiili) I'tjiKi' (ij., l!17 M iirliiin.T St., HulTiilii, 
N,V. 

((;,F) HuhIi Mfft. C»., 179 South St., W. Hertford 10, 
i:t. (p. 4ti) 

(C,F) (Carrier Corp., 302 S. Cedde8 St., Syracune 1, 

N. Y. (p. -.-7) 

(C,F) Ularume Fan Co., TurtiT St., Kalaiimznu IG, Mich. 
(C) (]nfidltiiinalrc Unit Co., I)iv. of llowt* let* Ma¬ 
chine Co., 2H15 MontroHP Ave., IH, Ill. 

ip- 

Curl is Refrigerating Machine Olv., (Curtis Mfg. Co., 
1949 Klenlclii Ave., St. LouIk 20, Mo. (p. 7) 
(C,F) Drayisr-IlaMHon, lin;., 3.401 Mtidfuril St., Lob 
AiigL'lna .'1.4, Citl. 

(F) Frick Co., Waynesboro, Pa. (p. 4/) 

(C) Frlgldalre l)lv., Cen’l. Motors Corp., Uaytoii 1, 

O. (p. 17) 

(C,F) Cctieriil I'Jec. Co., Air Conditioning Dept., 5 

Lawrence St., Bloomlield, N.J. (p. ;.^'0 

(C.I'J I irivi‘rn:iiri‘ l'rii|i., 51.4 N. I lla irk wilder, llkl;dii»oia 
(Jil v, I Ikla. 

(C;,F1 liaal irigN Air ('i)iidilii)ning Irir., ITaBtingH, 

N ub. 

fC,F) Howe Ice Machine Co., 2H2.S MiinlroHe Ave., 
Chicago IH, III. ip I'W) 

(C,i’) KautTiniiii Air C^jndilifining Cnrp.. 4430 W. Fine 
lllvd., St. lifuiiH. Mu. 

(C,F) Kennard Corp., 1H19 S. lluiiley Rd., Si. I.ouls 
17, Mn. (p. 10 ) 

(C) King !)()2 N. Cedar St., Owiitonnu, Minn. 

(C) Kramer Trenton Co., Olden & Breunlng Aves., 
Trenton 5, N.J. (p. in/)) 

(F) Larkin CoUh, 519 Memorial Dr., S.F., Atlanta 
1 , Ca. (p. .;/) 

(l^F) Mi'Ouay, Inc., 1000 Broadway, N.E., Minne¬ 
apolis 13, Minn. (p. HP)) 

(C,F) Mario Cull Co., 61,35 Manchester Ave., St. 

LouIb 10, Mo. (p. ^nni) 

(C,F) Mftri’bant it r]vunB Cu., 20.45 WaHliingtun .Ave., 
IMiila. 41), Pa. 

(CM'') Miidine Mfg. (!u., Hanine. ^^’i^ 1 . 

(C,F) John J. Nenbllt, Inc., Phlla. 36, Pa. (p. n) 
(C,F) Niagara Blower Co., 405 Leiciiigtoii Ave., 
N.Y.C. 17 (p. nr) 

(C,F) RefrlgeralInn Appliances, Inc., 917 W. Lake 
Sc, Chicago 7, III. Ip. .;:'f/;) 

(C,F) liefrlgeratiuii iCcimnmlcH Co., Inc., 1231 F. 

'I'UNcarawaN SI., Canton 4, U. (p. fP7) 

(t^,F) Refrigeration Lngrg., Inc., 7250 L. Slauson 
Ave., Los Angeles, Cal. (p. inn) 

(fj) lieriipp Co.,.440 N. Safrainenl.u 141 vd., Cliirjigo 12, Ill. 
fC,F) Itigidbill. Ine., 2850 W. I'nltun St.. Chicago 12. Ill 
(C,F) B. F. Sturtevant Dlv., WeNtlnghouBc Elec. 

Corp., 101 Keadvllle St., Boston 36, Mas,N. (p. 
[C.l'l Siipi-i-r'iilil CIII'IJ., 1020 i:. 51llh Sl., I.uh Aiigcli-h 1, 
I 'al. 

fC) '^reiincy ICiigrg., Ini;., 20 .Ave H, Newark 5. N.J. 
fC,F) Trane (]In., La Oossc, Wls. (p. I is) 

(f'.F) Tynlinun Air ronditiuning (Jo., Inc., Div. of loe 
Air Loiiditiiiiiing I'o., Inc., 704 Union St., Brooklyn 
15. N.Y, 

(C,Fl U. S. .Air Conditioning Corp., (aimo Ave., S.IC., 
at 33rd Sl., Minneapolis 14, Mhiii. Ip. ii7) 

(C,F) Vlllcr Mfg. Co., 2224 S. 1st St., Milwaukee 7, 
Wls. (p. 

WilNun Lngrg. Corp., 122 S. Michigan Ave., ChicaguJ, 111. 
(C,F) Worthington Pump & Machinery Corp., Har¬ 
rison, N.J. (p. 144 ) 

(CLF) XT, Helrigerating Co., 18.44 W. 5[Uh St., C4iir,ago 
3G, III. 

((:,F) York Corp., York, Pa. (p. .72) 

(C.F) Young Radiator Co., Racine, Wls. (p. 77 ) 


AIR DIFFUSERS (See also GRILLES) 

A-J Mfg. ('Jo., 2110 Washington. Kannas (JJity 8. Mo. 

.Air (Jiiiitnil Produrta, Inc,, Cooperaville. Mich. 

Air DeviceB. Ini’,., 17 E. 42nd St., N.Y.C. 17 
Aladdin Heating Corp., 2222 San Paljlo .Ave., Ookland 12. 
Cal. 

Anemostat Corp. of America, 10 E. 39th St., N.Y.C. 

ii» ip. 14) 

Barber-Column Co., Rockfonl, III 


W. B. Criiiiinr Eiigrg. Cf)r|)., Slu'llrr Tturk Tiiiiie, Daiilniry. 
CL 

CliaH. Deniuth it Sona, liir.,245 I'lltn Pliu-i’, Miiii’ula, N.V. 

Kxirelaior Sii-i;! I'’nrii:n'i‘ I'u.. 118 S. Cliiiluii, Chie.ago li, 

111 . 

Hart A Cui)h*y Mfg Cu.. 500 E. 8th St., llulland. Mirh. 

llaatirigH .Air Conditioiiing Co., Inc., Haatinga, Neb. 

Iiidepeiideiit Itegiater Co., 3747 E. [)3rd St., Cleveland 5, 

O. 

Mlnneapnlls-Honeywell Regulator Cu., 2933-4th 
Ave., S., Minneapolis H, Minn. (p. fl7) 

Pyle-Nat’l. Co., 1371 W. .47tli St., Chif.-ign 0, III. 

St. Louis Blow Pipe tk Heater Co., Inc., Div. of Skinner 
Heating ik Vi’ntilating Co., Inc., 1048 N. Otli SL,, 
St. Louia G, Mo. 

V'^. E. Sprouac Co., Ine., f ioluiidjus, InJ. 

Titihs Mfg. Corp., W’iiterloii. l:i. 

Tuttle ik Bailey, Inc., New Britain, Ct. 

U.S. Air Conillliunliig Corp., Cuniu Ave., S.E., at 
3.3rd St., Minneapolis 14, Minn. ip :i7) 


\ AIR DISTRIBUTION PANELS 

j Cyelonc FencB Div., AnnTieiin Steel ik Wire Co., U. S. 
I Sleel Corii. Subaiiliary, P.O. Box 2G0, Waukegan 1, 

I III. 

j Pyle-Nat’l. Co.. 1.471 W. 47th St.. Chiengo 0. Ill. 

I U. S. Gypsum Co., 400 W. .Adaina St., Chieago G, 111 

j AIR FILTERS (See also AIR CLEANERS) 

! Air A, Refrigeration Corp., 475-5th Ave., N.Y.C. 17 
! Air Devicea, Inc., 17 E. 42nd St., N.Y.C. 17 
Air Filler r'ori.)., 108 N. Wiiler Sl, Milwiiiikee 2. 

! Air-Maze Corp., 5200 Harvard Ave., Cleveland 5, O, 

I Air Stream Filter Curp., 2100 Waaliington .Aye., St. Louia 
3, Mo. 

i Amerieaii Air Filter Co., Ine., 215 Centnil Ave.. IjOijia- 
' ville 8, Ky. 

i .A. G. Brauer Supply Cu.,2100 WaBhingtoii A vi;., St. Louia 
3, Mo. 

Conollow t'orp., 2100 Arch ,St., T’liila. .4. Pa. 

GDiiliiieiilul Air Filters, Inc., 2520 Helm St., Louisville 1, 

Dolliiiger Corp., 1 Centre l^ark, Tlueheater 3, N.Y. 
Electric Sprayit Go., 1415 Illinois ,Avi\, Shehnyg.'in, Wia. 
Excelsior SI im‘ 1 Funmer ('u.. 11 K S. I '1 in tun . (.'hicagn li, III. 
l'’arr Cu., 2GJ5 Southwest Dr., T-ua Angcdea, Cal. 

Filtair Mfg. Co., 487 S. V'aii Ness -Avi\, San Fran risen 3, 
i Cal. 

1 Glaalloa.s ('orp., 155 10. 44th St., N.V.IL 17 
■ Hugo Mfg. Co., 4!) Ave., W.. ik Superior St , Duluth 7, 
Minn. 

Logan Engrg. ('n., 4801 W. IjawTcnee, Chicago 30, 111. 
Nalioiial Air Conditioning, Ine., .lohnatnwn, Pa. 
Northern Blower Cu.. W. G5th St., SouLli of Deiiiaon, 
Clevelainl 2, 0. 

; Owens-Corn lug Flbcrglas Corp., 2012 Nicholas 
Bldg., Toledo 1, O. (p. 

I lleBearch Produets Corp., 1015 E. V^'ashingtDii Ave-., 

I Madison 3, Wia. 

I H. J. Somers, Inc., G0G3 Wabash .Ave., Detroit 8. Mieh. 
B. F. Sturtevant Dlv., Wo.sllnghouse Klee. Corp., 101 
Headvllle St., Boston 36, Ma.ss. (p. J3) 

Triiiii, liii’., IIMH.) Island .Avr.. McKees Burks. P.a. 
Universal Air Filter Corp.. 332 W. Michigan St., Duluth 
2, Minn. 

Wilsuii it Co., Ine.. 4100 S. Ashland Avu., Chieago 0, Til. 


air PURIFICA’I ion EQUIPMEN’I AND MATE¬ 
RIAL (See also LAMPS, BACTERICIDAL) 

Air ik Refrigeration Corn., 475-5th Ave., N.Y.C. 17 
Airkein, Inc.. 241 E. 44th St.. N.Y.C. 17 
American Solvent Recovery Corp., Hth .Ave. it Cassady 
lid., CuUiiribuB 3,0. 

W. B. Cnniiiir Engrg. Curp., Shell er Burk T-,aiie, Danbury 
CL 

Gay Engrg. (Jo., 2730 E. Hth St., Lob Angeles 23, Gal. 
JnlmHun Fan ik Blower Corp., 1.418 W. Lake St.. Chicago 
7. 111. 

National Air Conditioning, Tnc., JulmBtnwii, Pu. 

Ohio Carbon Co., 12508 Berea Ril., Clcv'eland 11,0. 
HeynoldB Elec. Cu., ,4(M)0 River Hd., River Gruve. III. 

O. .A. Sutton (’orp., 1812 West 2nJ Hi., Wirhita, Kan. 
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loT rin? Kalpty. 

DUST-STOP replaceable-type air fil¬ 
ters effectively and economically 
cleanse air of dust, dirt and lint. They 
are used wherever air is moved me¬ 
chanically, and to protect machinery 
and equipment against abrasive dusts. 

DUST-STOP Air Filters are made of 
packs of glass fibers coated with ad¬ 
hesive, faced with metal grills, framed 
in fiberboard. The glass fibers are in¬ 
organic, chemically stable, and resist¬ 
ant to heat, corrosive vapors and most 
acids. The packs are covered with a 
non-odorous, non-evaporating ad¬ 
hesive coating—a coating which is not 
taken up by the non-absorbent glass 
fibers. Each impinged dust particle is 
quickly soaked, acting as a wick to 
carry adhesive to other particles. 




FILTERS 


Fiiii iuii.\.s product 

For Large Heating, Ventilating 
and Air-Conditioning Systems 

The efficiency, low cost, ready avail¬ 
ability and easy replacement of these 
standaid-sized filters have made them 
standard equipment on leading makes 
of air-conditioning and heating equip¬ 
ment. 



Conventional "L" "V" Type Frame for 

Type Frame fleslric/ed Fronlai area 



Jn mosf residenfiaJ /Dreed- Dust-Stop FiJfers are engi- Fibeiglas Aeration Packs are 

vrarm-air furnaces and air- neered into package air- used as con/acf and eJiminafor 

condifioners, Dusf-S/ops are conditioning units used in com- mats in air-washing and hu- 

standard equipment. mercial establishments. midity control units. 

* DUS'l'-STOP /.S' //k? Irado-niark at Ov/enr-Coininq f’lhtiqla:: Coi- 
poin/jon /or /mpingenien' type aii liltoir. inndr: ol rj/a.^.s' iiljrji:; 


For Complete Information See Sweet’s Files or Write: 

OWEN5-CORNING FIBERGLAS CORPORATION 
2012 Nicholas Bldg., Toledo 1, Ohio 

OFfices: Atlanta, Baltimore, Boston, Buffalo, Chicago, Cincinnati, Cleveland, Columbus, Dallas, 
Dayton, Denver, DeJroif, Grand Rapids, Houston, Kansas City, Louisville, Los Angeles, Milwaukee, 
Minneapolis, New York, Philadelphia, Pittsburgh, Portland, Richmond, St. Louis, San Francisco, 
Seattle, Toledo, Tulsa, Washington, D. C. 
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Anemostat Corporation of America 


10 Ka»il 39lh Slrcel 
New York 16, N.Y. 


MUmOSfM 

DRAFTIESS OtfiAJliMfkn DIFFUSERS 


Repri\sentatives in 
Principal Cities 



PRINCIPAL OF ASPIRATION 

rile Aiii‘nin.s(at Air DiffiisLT sjilils llii" siijiply air 
inli) nuiltipU*, sL'jiJirato air slrt'ams ami at llu' saint' 
liiiif rn-alfs liiv\ prussiiri' arras in rtM'tain jiarls uf 
ilivur^ing' ])assa,i;rvvays. I'his raiisrs ronin air In 
Ik* siiilifiiual inln tlir ilrvirr wiu'rt' il is tlii)rinij[^lil\’ 
mixril with siipplx' air. I'ht* mixture is rlisnharii'ril 
ill a series nf expamiin^'' liiiimlent air layers ami, 
tlierefnre, reailily entrains a lar^^e amount nf ail 
ilitional rnrmi air. 

As a result, teinpcralure ami liumiility are L'ljual- 
ized 1 111*011*1^1101 it the rnnm ami a eniiliniinus air 
iTintioii in the oeeiijianey zone within Imv aeee|il- 
ahle veloeity limits is eslaiilislinl. Slii.^naiit air 
]inckets are also avoiili'il, 

1 ’he iitiaiitity nf room air drawn inln Anemnstal 
Air Diffusers ilepends on the speeilie design, si/r 
and type of the various units ami is eiinal In as 
iiiUL'h as 35 per eeiil nf the supply air. diiis effee 
live asjiiralion tlistin.i(iiishes Anemnslai Air Dif 
fusers from all other air nutlets. 

SMALLER DUCTS 

Asjiiratirm jierrnits the use of higher temiierature 
differentials ami hij^her su|)i)ly air a elneities than 
ciislnniary, which re.snlls in sa\iii.i;-s in the initial 
cost of fans ami ducts ami in the operatin;!^ cost 
of fans. Duct layouts may he simidihed because 
Aneiiinslat A\r Diffusers distrihule air evenly in 
spile of iiinisii;d rmnn plans, eiilnmns m nlhir nh 
slriictiuns. 

THE COMPLETE LINE 

AnemnslMl Cnrjmratinn of America has rlevelnped 
air ilislrihiUion tle.vices and related equipment for 
every purpose. Rouml, semi-circular, square and 
slrai^htline .XiicmostaL Air Diffusers of various 
lypes and sizes for ceiling and wall ilistrihntinii 
are available for coinfort coiulitinning^ and in¬ 
dustrial lieatiiii^, ventilating and air cnnilitioniiig 
iiistallalions. 
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QUALITY 

Aiu iiinsliil .\ir nitfiisi rs :iri‘ sciL'iitifiCiilly Llusipicil 
nL'cnnlinj^ h) mndurii iliiiil lluw lliunrv iiml inaiui- 
raL'linL'd acL'ordiii.L;' to niodi'rn jirodiichon si Milli¬ 
ards. 

ANKMOSTAT PATENTS 

riu‘ AnniioslMl ('oriioralioii of Aiiu*rira holds 
n\ i r li fly pal unis covuriiii^ thu iisu and ilusij;:!! of 
ditfiisurs ill till- Jiild of air dislrihiilion. Thu sii- 
]>urior riiiuMiniiiiiL^ of ihu Anuinostal is iiroluclud 
1 )\ ilu su jiatLilts which aru Ihu rusnll of iiivunliYU 
sjiirit, dili^^unt rusuarch and conslrnulivu unj^iiicur- 
in,ir. 



KESEAKCJI AND KNGINEEKING 

Anuinostat Coriioralion of Ainurii'a maiiiLains a 
lar,”L*, wull ui|iii])i)LMl lahoralory rnannud hy ux- 
piriuncud suiunlihu and luuhniual iiursonnul lor 
luslinu,' piirjiosL'S and Ihi' duvidopniunl of iK'w 
|irodiuMs. JAii^iiii urs froiii all over thu world have 
visitud thu Aiii'iniislal lalioralory to witness duni- 
(iiisl rat ions of AiU'innstat ])ro(hiuts and thuir ap- 
pliualiitns lo any coiiuuixaldu iirohlern purtainini^ 
III air dirfiisiiiii. Aiu'inostal has spent over a mil- 
lion ilollars in nsuarch and enKinuerin.i; and will 
uoiiliimu to niaku snhslaiitial uonlrilintioiis lo Lhu 
proj^russ nf llu' suiunuu of air distrihnlion. 




EXPEKIENCE 


t )vur a iiiillioii Aiu niostar Air I tilYiisi rs aru now' 
doin;i an uxuidlunl joh in ihousaiids of uoinforl 
uondiLiunin.ii -'nnl iiidnslrial huatint^, vuiililatiii^ 
and air uondilioiiiiit; iiistallalinns. In addition to 
a|)pliualiniis in ui)rinnuruial hnildings, industrial 
idanls, hiduls, stons, hosjiitals, theatres, rcslan- 
ranls and honius, Anunioslal Air Diffusers arc 
used in niililary and uuinniurcial airurafl, railroad 
ears, hiisus and ships. 


SPECIAL INSTRUMENTATION 

Anumostat uiiji^ineurs liavu develojicLl various in- 
slnimunls for lhu aecnratu ami convenient testing 
of thu perfonnancu of air outlets. Thu Anerno- 
iherin Air Mulur, a self-contanied, compact, porl- 
ahle inslrmiiinl. facilitales the halancin^^ and 
chucking- of air rlislrihntion systems hy un^^incers 
and conlraclnrs. It is now' commercially availalilc 
and is hein^ used with irreal success hy engineers 
and contractors thronj^honl the country. 








AIR WASHERS 
16 ANCHORS & SHIELDS 


AIR WASlllLRS flt SFRAY TYPE CONDITIONERS 

Air it [Ir-friKtniLiun Corp., 475-5111 Avc., N.Y.H. 17 
Ai^w!lHlll^^ Ciirp., Eiiinn Rapiiia, Mii;li. 

Arnririniui iUowcr Curp., Div. rif American Radiatnr 
Htandnnl Kanitiiry Corp., 8111 Tireman Ave., De¬ 
troit, H2, Mlfh. 

n.aliiiHDii Co., 1001 S. Maraliitll St., WiiiHlon-Salcm 7, 
N.C. 

Baker Rcrrlitcratlnii Ccirp. S. Windham, Me. 

ip. f!-V 

Hiiylev Ulnwer f%)., filitJi & Huriiliam Sta., Milwaukee 14. 

\ViB. 

niahop'ik Maheottk Mfmt. Co,, 41)01 llainiltun Avi*., N.E. 
Uleveliiiitl 14, (). 

TlulTn.li< Fr»r(£i' Co., 217 MorliiiuT S)., HiilTiilii, N.Y. 

Carrier Corp., 302 S. Ceddes St., SyrariiBO 1, N.Y. 

(71. 

t'ljiriinf! Cn., Porter St., KnlumuzDo Ifi, Mich. 

('oitirurl PriNliiclH f^»rp., 2220 H. I/U Mkhu, Dallas 2, 'Cex. 
r'ontiiii'nl:il Air I'ilteiB, liir.., 2.520 ITelm St., Louisville 1, 
Ky. 

Ilryiiic Syslein, Inc., IHIOJ FriBtnr Avc., (^liicaKri 40, III. 
I'YcHliri'tl-Airi'. C’o., Div. of Corey f'orp., 221 N. La Salle 
,S1.., r'liira)7ri J, III. 

fieneral ICleirtriL' Co., 5 l..awri*iire Si., flliinmKeld, N.J. 

(p. 2.'f) 

1III iTM,'Ll 1011 : 1 1 Mi'liil Prinliir lH Co., .500 .S. I.5lli ,SI., 
PlioiMiix, Ariz. 

lULulTiMiiii Air ('unililioniiiK Corp., 4,'l.Tli W. Pine Plvd., 

, St. Louipi. Mo. 

Marin Cull Cii., fil.1.5 MaiicheHler Ave., St. EnuiN 10, 

Mn. Ip..2f;()) 

1). ,1. Murniy MCk. Co., 1024-.'lrd St., WauHau, Win. 
National Air ('iinililiiinioK, Inc., .loliiiHtown, Pa. 

Ntilioniil I'lnKFK. it Mfg. ('o., .51'.) Wyandotte, KuiiBan City 
(i. Ml). 

ParliH-Criinier f’o., Pox 44'1, FitcliburK, Mass. 

I'ml I), PfeiiiiiK I'll., lOT'i W. .51,h Ave., ColuinhiiH K, (). 
I'alw. llenneluirK it Siiiis Co., 2(l.'l!) PohIoh St., Jhiltiinore 
24. Md. 

St. Liiuifl Pltiw Pipe it Heater Co., Inc., Div. of Skinner 
JleiiliiiK it V entiliil.iiiK Co., liic., 1048 N. Oth St., 
SI. LoiiiB li. Mo. 

Spray l^'iiKnc- Co., 114 ('entral St., Somerville 45, Mubh. 
II. r. Sturtovaiit Div., Wcstliidliouoe Elec. Curp., 
101 Headvllle, IliiHton 3b, Maas. (p. .I^^) 

Siiper-Ciilrl Ciir|)., 11)20 10. .50lli Si .. Ldh .AiiKeleM 1, I'.-il. 
I'ranc Cu., La CrnsNe, Wia. fp. //.V) 

C. .S. Air Cnndltiiinifiii Curp., Como Ave., S.E , at 
33ril .Si., MlniieaniillH 14, Minn. (p S'] 

Vllter Mfg. Cii., 2224 S. Ist St., Milwaukee 7, WIh. 

(P. ilH) 

lit er f'ooliiiK Corp., 71 NaBHini St., N.Y .fL 7 
Yiirk Corp., Y'urk, Pa. (p. ,72) 


ALARM BELLS (See SHiNALS) 


ALfTlllOL 

pHradii it Pane. Inc., Cuinotte it Michigan Avcb., KaiiBUB 
Cil.y 1, Mo. 

f’arbide it Carbon Clieinicals f'orp., Unit of ITnion Car¬ 
bide it Carbon Corp., MO M. 42nd St., N.Y'.C. 17 
K T. dll Pont de NeiimurB it f'o,, Inc., WilininictDii 08, 
Del. 


ALLOYS, BRAZINC; 

.\ir l{eiliii'linn Salen Co., lit) M. 42im1 SI., N.V.C. 17 

All Sliite Wi'IdiiiK Alloyfi ( n.. Ini.. 27.M FerriB .Avi'., 
bile PliiiiiB, N..1. 

.\nierii‘iin Platinum Wkn., 2M1 New .IcrBcy II.11. Ave., 
Ni'wark, N.J. 

Pi'linoiit SiiicltinfE it llelininR Wkn., Tiic., M.IO Belmont 
.Ave.. Brooklvn 7. N.Y'. 

Central Steel it Wire. Co., 3000 YV. 51bI, St., Chicano 32, 
III. 

Cliivse hrass it Copper Co,, 230 Grand St., B'atcrbury 01, 

I'uteetic Weliliiii; Alloya Corp., 40 Worth St., N.Y’'.C. 13 

Handy it Harman, H2 Fulton St., N.Y’.C. 7 

L. 0. Ivoven it Bro., Ine,, 1.54 UKiien Ave.. Jersey City, 
7, N.J. 

1', IL Mallory it Co., Inc., 3020 K. WuBliingioii St., 
IiuLuIh., hid. 

Uniti*d VA’in* it Supply Corp., 14!)7 Flniwootl Ave., Provi¬ 
dence 7, ILL 
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ALLOYS, DIE CASl'INC 

Belmont SmeltiriK it HefininK WKb., Inc., 330 Belmont 
Ave., Brooklyn 7, N.Y. 

Bohn Aluminum it Brasu Corp., IL Maumee, Adrian, 
Mich. 

E. 1. du Pont de NeiiiourB & Co., Inc., Wilmineton 1)8, 
Del. 

Eutectic WeldiiiK AlloyB Corp., 40 Worth St., N.Y.C. 13 
Federated Metals Div., American SineltiriK & Hchniriic 
Co., 120 Broadway, N.Y.C. 5 
National Lead Co., Ill Broadway, N.Y''.C. G 
New JerBey Zinc Co., 100 Front St., N.Y.C. 7. 
PermaiiRrit« Products [>□., 1024 Broadway, Oakland 12, 
Cal. 


ALLOYS, ELECTRICAL 

Allenhonv Ludlum Steel Corp.. Oliver BIiIr., PittHburpli 
22, f*a. 

Ariiu-n .Steel (a>rij., Middlel.own, O. 

Carpenter Steel Co.. ReadioK, Pa. 

Driver-Ilarria Co., Harriflon, N.J. 

Graphite Motalliziiif; Corp., 1013 Neppcrbaii Avm*., 
YoiikerB 3. N.Y. 

P R Mallory it Co., Inc., 302!) E. AVaBliiriKtori St., 
Iiidpls., Ind. 

: Uiiiled S(,ati“H Steel CUi., .52,5 Win Penn Plaee Bldj'., 
IMtlshurKli 30, Pa. 


ALLOYS, CLASS SEALING 

Allcicbcnv Ludlum Steel Cor|)., Oliver Bldg., PillHluirKli 

22, i*u. 

f'arpeiitBr 81 eel Co., Reading. Pa. 

I)river-Harri,s f’o., llaiTi.son, N.J. 

P. R. Mallory & Co., Inc., 302!) E. WaBliington St., 
i Itidpls.. Ind. 

ALLfMINUM (See particular mill forms, l.e., BAR, 
SHEET, etc.) 

AMMETERS (See METERS, ELEC'I’RH:) 

AMMONIA, ANHYDROUS & AQUA 

Armour it Co.. 1355 W. 3 let St.. CbinaEO 0. III. 

Bnrada it Page, Inc., Guinotte it Micliigan Avi^s., Eansae 
(■ity 1, Mn, 

j Barrett Div., Allied Clieinical it Dye Corp., 40 Rector 
I St., N.Y.C. G 

I Henry Bower Chemical Mfg f'o., Gray’s Ferry Ril. it 
liotli St., Phila. 4G, Pa. 

Dow Clieniiral f^i., Midland, Mie.li. 

I E, I. du Pont de Nemours it (('o., W'ilmiiigtnn !)K, Del. 
j MatliicBon Chemical l/orp., Miitliieson BUlg., Baltimnrn 

! 3. Md. 

I PenriHylvania Salt Mfg. Co., 1000 Widener Bldg., Pliila 
i 7; Pa. 


AMMONIA MASKS (See GAS MASKS) 


I AMMONIA SEPARATORS 

I Baker Rcfrlfteratlun Curp., S. Windham, Me. 

I [p. as) 

I f.’nlil Control, Inc., Ill Broadway, N.Y'.C. G 
Creamery Packuple Mfft. fin., 1243 W. WashInAtim 


Blvd., fihica^n 7, 111. (p. Jf'J) 

Erick fin., Waynesbiiro, Pa. (/>. , 7 /) 

11. A. Phillips & Cu., 3285 W. tiarrull Ave., Chlcajiu 

24. 111. [p. 142 ) 


Rpco PnxluclB Div.. Refrigeration Engrg. fhirp., 2020 
Naudain St., l*hila. 40, Pa. 

Henry Vogt Machine Co., lOth & Ormsby St., TiOuiaville 
10, Ky. 

XL llefrigcrating Co., 18,34 W. .5[)th Si., filiiciign G, 111. 


ANCHORS & SHlEl.nS, EXPANSION, etc. 

CliaHf Bfubb it f'oppeF C3j., 23G firand SI., W:ileFbiir\' 
1)1. Ct. 

Cliicago Expansion Bolt Co., 1338 W. Concord Plaee, Chi¬ 
cago 22. HI. 

National Ix^ad f'o., Ill Broadway, N.Y’.C. G 


( C foi/inifi'i/) 
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FRIGhAIRE 

... most ^pjete line in the industry! 



Over 400 I'Miiiiiii'ri-iiil iiiiil iiir i-iMiililiun- 
in^ firiiilurls —plu.s lliL* fHijiular Jim* nl’ 
Lipiiliaiirps — iiear llip Jamnu.s 
airr cmlilpiTi . . . ihi* si^n uf iJir* ii*ail(*r. 

\i*.s, rri^idairf nnl niilv Ipails in tin* 
lUiiTibE'r ami Ivpi* (if |iriiilin ls — il has aisn 
jiiimri’rpil iiiaiiv uJ ihp inipnrlaiil ailvain rs 
in rriri^f*ralif)ri nvrr tin* Iasi JO M*ars. 

Frigidaire Commercial Refrigera¬ 
tion Equipment iiiidiirlps: (annpri'ssnrs 
. . . ( amliiifi I nils . . . Krarh-ln Ki*lri;f- 
t*rali»rs . . . Display (^asr*s . . . Ipp (irparii 
CahiiiPls... Zprn Spjf-Sprvi’rs . . . Hp\ praf::i' 
(]nnlprs ... Mili^ (jinlprs .. . WalPr (inniprs 
... li e Makers ... Ta apinaliv p (Ifiiiflpiisprs. 


Frigidaire Air Conditioning Equip¬ 
ment ini'iiiiirs: Kiiimi Air (iimiliIiniirrs 
. . . Spil-(a»nlainpiJ Aii' (iimiiilimiprs . . . 
Ilraw-Dnlv Si*lf-('onlairii*il Ail (’.iimli- 
liimrrs . . . Mi^li (iapai ilv liriilral Syslriri 
Air (iimililiimiii^r, 

Frigidaire Home Appliances ini-imlp: 
Rplri^ipralms . . . I imil 1'n‘p/i‘rs in' lliirnp 
anil harm , . . Mlprlrii* Kan^rs... Laurniry 
lv[in|>inpnt rnnsisliiif; ni' Anlnmalir Wash- 
pr. Anlninalic Kiprlrir (dnllips Divers, 
Kleelrie Inmi'rs ... Mlpplrii' Waler lleali*rs 
(hiilli rahle-rnp ainl Hriuiiil I pri^L'iil 
rniiiipjs) . . . Kih liPii (iahinels and Sinks 
. . . KlpPlrir DphnmiiiiJipr. 


Frifiidaire rr^xrriir\ the right to chungt s/ittrijiratinns, or disrontifiuv models. wuUriul notirv. 

Frigidaire Division of General Motors Corporation 

Dayton 1, Ohio • In Canada, Leaside 12, Ontario 








ANCHORS & SHIELDS 
IB BAR & ROD 


ANCHORS Sl shields (Continued) 

Paine Co., 2Q5] Carmll Ave., ChirAKn 12, III 
liawlpluK Od., Inc., 271 Church SL, N.Y.t’. 17 
Scf)villi‘ Mfjj. 0»., (il Mill ,S|.. Wiiicrburv 21), f.’l. 
Star KxpaiiBiDii Dolt t’o., 147 t'crlar St., N.V.C. 0 
IJ. S. Expanninn Holt Cn., York, Pa 


ANCLES (See SHAPES, STRUCl’CRAL) 


ANHYDROUS AMMONIA (See AMMONIA) 


anodes, plating 

American Brass Co., Waterbiiry 20, (^t. (p. iSH) 

CliiiHC DniRH lV CnppiT fwi., 2.')li Cniiiri SI ., VViil erhury 
21). CL. 

Division Jjiiatl (’n., H:Ui Iviiizir Sl ., Cliii-jinn 22, III. 

E. I. dll Pont cIb NBinniirn & Co., Inc., WilininKton U8 
Del. 

FcdiTiilcd MiiLals Div. Ain(‘rii;!iii SiiichiiiK iV lIcliniiiK 
tWi.. 120 Hwuy., N.) .C. 5 
lliiiiily anil naniiiiii, H2 I'nll.ijii Sl,., N.V.C. 7 
Hanson-Van Winkle MunninK Cri., Matawan, N.J. 
IlliiiiiiR Ziiir f 2!),'i0 W. 47Lli SL., ( 'liir;jiKri .■)2, III. 

New Haven Copper Co., Scynmur, CL. (Copper) 

New Jersey Zinc Co., IfiO Front St., N.Y.tj 7 
Revere Cupper & Brass, Inc., 230 Park Ave., N.Y.C. 

17 Ip. l!U) 

IbiiLcd Cliniiniiim, Ine,. 100 I'^i. 42nd SL, N.V.C. 17 


ASBESTOS (See INSULA'I’ION, ASBESTOS, and 
mill forms, l.e., SHEET, etc.) 


ASPHAL'I (See COATIN(iS) 


ASSEMBIJKS, S'I'AMPED, WEI.DKD, etc. (See 
STAMPINGS) 


ATMOSPHERIC COOLERS & AtICESSORIES 

.Air Eimip. (Jo., 27.'10 Zurii St., Denver, Cul. 

Anua-Mist Co., 421! JelTerson St., 'ropekn, Kan. 

Tliiiiiias Ilei’.ki'Lt ik ('ti., Inr., P.O. Tlox 7354, Dallas 2, 
Tex. 

HiiITmIo l'’nrn(' f^i., 217 Morliincr SL., HiilTalo, N.V. 

[Carrier Ciirp., 302 S. Geddes St., Syracuse I, N.Y. 

(P. -<i) 

Central States MIr. I'n., Inc., 1200 S. Summit St., Arkan¬ 
sas (yity, Kan. 

Comlort PriHliicts Corp., 2220 S. La Mesa, DalluB 2, 7'cx. 

Farr Co., 2015 Southwest Dr., Tins Anireles, f'al. 

Iiiterniilioniil MeLal I'rorlui-ls Cu., 500 S. I5lli Sl., 
Phoenix, Ari/.. 

Johnson Fan A Hlower Corp., 1318 W. Lake SL, Chicago 
7, Ill. 

Larkin Colls, 519 Memorial Dr., S.E., Atlanta I, Ga. 

Lehigh Fan &. Blower Co., 510 WyiLiiilnl Le, 12K Linden 
St.. AllcnLnwn. Pa. 

Nalional Air l.'oiidilicining, Inc., Jnlinstown. Pa. 

National Engrg. A Mfg. Co..Kansas City U, Mo. 

Nlaflara Blower Co., 405 Lexington Ave., N.Y.C. 17 

(p. -'C) 

Nnotnr Cnrp. 14215 S. 2nrl St.. St. Ti[niis4. Mn. 

Palmer M fg. Corp., 2200 W. Fillmore, Fhooiiix, Ariz. 

Piilaire Cooler l/n., Inc., 141 1'.. Jackson St., Phoenix. 
Ariz. 

Ileco Products Div., Uerrigeratinn I'higrg. Corp., 2020 
Nauilain SL., Pliila. 4(), Pa. 

Refrigeration Engrg., Inc., 7250 E. Slauson Ave., Los 
Angeles, Cal. (p. tUfl) 

KtiDom Mfg. Co., 670 Lexington Ave.. N.Y.C. 22 

Rhode Island Ifuinidilier A Ventilating Co., DO l.diauiicey 
St., Ruston 11, Mass. 

St. Louis Illow Pipe A Heater Co., Iric., Div. of Skinner 
Heating A Ventilating Co., Inc., 1048 N. Uth St., St 
Louis 0, Mo. 

Simplex Mfg. Co., Il35-3rd Sl., Oakland 20, (^al. 

O. A. Sutton Corp., KFH Rldg., Wichita, Kan 

Tenney Engrg., Jnc., 20 Ave. B. Newark 5, N. J. 

Thermador Elcc’l. Mfg. Co.. 511!) District Blvd., Los An¬ 
geles, Cal. 

Trane Co., La Crosse, Wls. (p. D^') 

il. S. Air Conditioning Corp., 15omo Ave., S.E., at 
33rd St., Minneapolis 14, Minn. (p. .^7) 
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Utility Appliance Corp., 4851 S. .Alameda St., T-os Angidcs 

! ll.(5al. 

! Worthington Pump & Machinery Corp., Harrison, 

N.J. (p. tj,/,) 

York Corp., York, Pa. (p. 

I ATDMIZERS, HUMIDIFYING (See NOZZLES) 

AUTOMOBILE AIR [:nNDITIONlNG SYSTEMS 

Dean Prndiu-Ls, Inc., 1042 Dean St.. Hriinklyii Hi, 
N.Y. fp. /;7-| 

l''r:inklin Biiily A I'^iiuipmcnt Corp., 11)42 Dean Sl., 
j Mrorildyn Hi, N.^', 

■ Ki-cii InduNliicH, Iiii-., 251!) liilbcrl .\vc., ('incininiii 15, I), 

i 

BABBIT METAL (See BEAKINC; MATERIAL) 
BACK PRESSURE, etc. (See SUCTION PRESSURE) 


BACTERICIDAL LAMPS (See LAMPS, BACFERI- 
CIDAL) 


BAFFLES (See COIL & BAFFLE ASSEMBLIES) 


BAKERY REFRIGERATORS (See DREAD GDDL- 
EKS; also DOUGH RETARDERS; also FER- 
MEN'FATIDN ROOMS) 


BALL JOINTS (See SWING JOINTS) 

BALLS, FLOAT (See FLOAT BALLS) 

BALLS, STEEL BEARING 

Cjirpi-nliT .Slci-I Co., llisiiliiig. Pa. 

New Departure Div., Ci‘n’1. MntorH Cinji., Urielul. Cl. 
Nice Hall Hearing Co., 30lh A Hunting Park Ave,, Pliila. 
40, Pa. 

fSKF InduetrieB, Inc., Front St. A Erin .Avn., IMiila. 32, Pa 

BAR & ROD, ALUMINUM 

Aluminum Co. of .iiiierica, PitlBburgb If), Pa. 

HelrnoiiL Smelting A Rclining Wka., Inc., 330 Hulmnn 
Ave., Hrooklyn 7, N.Y. 

Hohn Aluminum A HrasB Corp., E. Maumee, Adrian, 
Mich. 

Central Steel A Wire Co., 31)00 W. 51 bI St.. Chicago 32, 
III. 

Mueller UruHR Co., Port Huron, Mich. 

Permanent.e Producta Co., 1!)24 Hni.ailway, Dakland 12, 
Cal. 

Revere tkipper At Brass, Inc., 230 Park Ave., N.Y.C. 

17 (p. I at) 

Reynnliln MetnU Co., 2000 S. fitb St., LoniRvillo 1, Ky. 


BAR & ROD, BRASS, BRONZE, COPPER, etc. 

American Brass Co., Waterhury 88, Ct. (p. IS!)) 
HriBtul Hraas Corp., Hristul. Cl. 

Hunting UriiHH A Mrnn/e I 'n.. 71.5 .Snciirer Sl., 'Poledit !l, I). 
Ceiural Steel A Wire (^o., 3000 W. Slet St.. (3iicagn 32, 
“*■ 

Chase Hmss A Copper Co.. 230 Graurl St., Walerburv 01, 
Ct. 

C. (1. Hussey A Ifo., 28l50'2nd Ave., Pittsburgh ifl. Pa. 
Lewin-Mal lies (!o., 1111 I'lioni I'au, St. Louis, Mo. 
Mueller Hrass I'o.. 1025 Lapeer Ave., Port Huron. Mii ii. 
Revere Copper At Brass, Inc., 230 Park Ave., N.Y.iL 
17 (p. l!)l) 

ScMville Mfj.'. Co., 93 Mill Sl., Wiiterhury 91, t 'l. 

Titan Mi*lal Mfg. Co., Hcnefimle, Pa. 


BAR & ROD, NICKEL A NICKEL ALLOY 

Carpenter Steel Co., Reiiiliiig, Pa. 

Ceiilral Steel A Wire C^o., 30U0 W. 51sl SI., Cliicagn 32, 
111 . 

I I )river-l larriH ('o,. I larriHim , N,.L 
j International Nickel Co., 97 Wall Sl., N.V.tL 
I Joseph T. liyerson A Son, Inr., IRtli A Rockwell Sts., Cbi- 
I eagci, Ill. 



Refrigeration Classified 


19 



fCHRYSLER, 
AIHTEMP/ 


"PACKAGED" AIR CONDITIONERS 
CENTRAL SYSTEM COOLING EQUIPMENT 
INDUSTRIAL REFRIGERATION UNITS 


"PACKAGED" AIR CON- 
^ DITIONERS 2-, 3-, 5-, B- 

I i and 11-ton copocities. 

.—' Completely assembled 

and tested at the factory, 
Cool, dehumidify, filter 
and circulate air. Free 
air discharge or duct dis- 
tribution. Heating Coil 
for year-’round service 
j optional. COMPACT — 

Occupy very little floor 
I space. EASILY IN- 

STALLED —Need only 
three connections. 
FLEXIBLE—Can be installed singly or in 
multiple. SEALED RADIAL COM¬ 
PRESSOR- Quiet with all moving parts 
balanced and bathed in oil for long life. 
ROOM AIR CONDITIONERS which fit 
right in window cool, filter, ventilate and 
circulate air available in hp and 
1 hp sizes, 

"PACKAGED" LIQUID CHILLERS 

^ - - — .. Completely assem- 

bled and tested at 
factory, these 
Liquid Chiller 
j assemblies furnish 

chilled water or 
brine under con¬ 
trolled temperatures for large Air Con¬ 
ditioning and Refrigeration installations. 
Individual unit capacities up to 200 tons. 


INDIVIDUAL ROOM 
AIR CONDITIONING 
UNITS Used for year- 
’round cooling and 
heating by connect¬ 
ing with central 
chilled and hot water 
systems. Seven mod¬ 





els in three types floor, wall and ceiling 
are available. Individual unit control from 
built-in thermostat. Two centrifugal fans 
provide air circulation. 

§ DEHUMIDIFIER5 Vb- and 
Vs-hp Cnpacilies. Low- 
cost, portable dehumid- 
ifier removes excessive 
moisture from the air. 
Can be plugged into any 
convenient electrical 
nutlet. Protects against 
rust, mildew and corrosion. Very compact 
in size •''s-hp is 34 in. high 16 in. diam¬ 
eter. 14 bp is 15 in. high, 12 in. wide, 16 Va 
in. long. 

RADIAL COMPRESSOR AIR CONDENSING 
UNITS 10- Id lOO-ton capacilies. Heavy- 
duty units, for use with Freon 12 and 22, 

„ __ are B.specially de- 

..signed for refrig- 

^ eration and air 

A il, V conditioning. 

’ L < ■ fL Radial compres- 

sors are direct 

—- connected and 

have force-feed lubrication. Automatic 
capacity-reduction device. Light weight, 
economical to operate. 

MACHINE TOOL COOLANT COOLERS 

Keep coolants and 
, —»— ;• machine tool cutting oils 

at a constant tempera- 

f - " ture. This provides 
greater preci.sion and 
higher production plus 
longer tool life. One of 
the units shown can 
serve several small 
machine tools. 


MSPOBinoD dr M 

AIRTEMP DIVISION OF CHRYSLER CORPORATION, DAYTON 1, OHIO 

IN CANADA: THERM-O-RITE PRODUCTS, LTD., TORONTO 






BAR & ROD 
20 BASES 


BAR & ROD. STEEL 

AileKlieny Liiilluni Sh^cl IJorp., Oliver IIIcIk-, PilLaburKh 

'I'l, Pii. 

AmBhcan SU;el A Wire Co., Rockefeller Rldfc., Cleveland 
13, 0. 

Armcii Sl.eid Cnri)., Midrllivlown. 0. 

Atlaiitii; HLeel Co., IM). Hox 1714, Atlanta 1, Ca. 
Rethlehem SUjel Co., Relhluhcrn, Pa. 

Cun trill Steel & Wire Co., 3U00 W. Alai SL., ChiniiRO 32, 

Culuriihia Steel A SliartiriK Cu., P.O. Rox 1557, Pitte- 
buFKli 30, Pa. 

Henry Dinatun A Sons, Inc., 'I’acony, Pliila. 35, Pa. 
Pirtli-StcrliiiK Steel A Carbide Curp., Deinnder ltd., Mc- 
KeeHport, Pa. 

JonBB A Laushlin Steel Co., PittHburah, Pa. 

Laelede Steal Co., Arcade llldR., St. Louis 10, Mo. 
McInriesB Steel Co., Corry, Pa. 

A. R. Murray Co., Inc., (130 Green Lane, Elizabeth, N.J. 
Republic Steel Corp., Republic Dldg., Cleveland 1, 0, 
Jusepli 1'. UyarBon A Son, Inc,, Kith A Rockwell Sta., Chi- 
caRO, III. 

'ri'iiiii!MHi‘e f ^ial. Iron A Railroad f_'n., IL S. SiiH‘1 I'orp. 

SuliHidiary, llrnwn-Mrrx I'ldR., RiriniiiRliaiii, Ala. 
Uiiiti'd Sl.atfM Sln-l Co., 525 Win. Penn Place RWIr., 
PittfiburRh 30, J^i. 

Weirton Steel Co., Weirton, W Va. 

VounRHluwii Sheet A 3’ubc Co., YoiingBLown, O. 


HAH & ROD, STEEL. S'I'AINLESS 

Allcahrny T^udlum Steel Corp., Oliver BldR., PittHbiirRli 
22 , Pa. 

Arineo SUm'I f^orp., Middh^tnwii, O, 

Relhlehein Steel Co., llcthlchcm, Pa. 

('arfii'ii l.iT Sl iM'l (’o.. Ki'adiiiR, Pii. 

Central Steel A W'ire Cu., 3000 W. Slat St., ChicaRo 32, 

HI. 

lli'iiry Difeton A SonH. liie., I’ai-ony, Pliiladclpliia 35. Pa. 
Firt'i-iSlerliiiR Slci‘1 A Carbitlc Corp., I li'inniliT Hil., 
MrKiM'Hpnrl, Pa. 

Republic Steel Corp., Republic lUdR., Clevclund 1,0. 
Joaejih RyerBon A Son, Inc., lOth A Rockwell StB., Chi- 
CURO, 111. 

'J’l'iine^Hi'e I'lial, Iron A Riiilroiid f'o.. C. S. Slcid Corp. 

SuliNidiary, llrowii'Marx MIdR., MinniiiRliani, Ala. 
Uiiilnl Sl.al.i'H Sl.iM'l (.’o., 525 VN’iti. Prnn Place RhlR.. 
PitiHburRii 30, Pa. 


IIAHK IRON PIPE COILS (Sec PIPE COILS, UENDS 
& BENDINC;) 


bare I UBE COILS 

(A—Ammimla B—Other rcfrlftcrantH) 

Ai'ine IiiLlualrlea, Inc., Mechuiili: A (■aiiNiin Sta., 
JuL'k.si)n, Mil'll. (p. 2ll) 

Amerirnii HniHN Cu., Watcrbiiry 20, (^t. Ip. IHIf) 
(A,H) Baker Refrigeration Curp., S. Windham, Me. 

Ip. ti.i) 

(A,B) Bush Mfg. Co., 179 South St., W. Harftord 10, 
Ct. (p. 411 ) 

(A,B) Doyle A Ruth Mfg. Cu., Fnut 2Jrd St., Hriiuk- 
lyn 32, N.Y. {p. SI) 

(.A,R) Drayer-JlaiiBoii, Inc., 3301 AlLMlfard St., liUB Aiirp- 

Il'b 33, Cal. 

(A,B) Frick Co., WayneRburo, Pa. (p. ol) 

(A,B) Frlgldalre Dlv., Cen’l. Motors Curp., Daytun 

I. O. (P.n) 

(A,H) Ceoi'ral HefriReraliun Div., ^ ateH-.\iiierieaii Ma- 
rhiiii* Cn., Iteloil., Win. 

(A,B) Howe Ice Machine Cu., 2825 Montruse Ave., 
Chicago 18, 111. (p. I’m) 

(H) Kramer Trenton (hi.. Olden A Dreiiiilng Avcn., 
Trenlun 5, N.J. (p. inr>) 

(B) Larkin Culls, 519 Memorial Dr., 5.K., Atlanta 
1. Ga. (p. 41 ) 

(B) McCord Corp., Hlopcllc A E. Crand Blvd., De¬ 
troit II, Mich. (p. tiii) 

(A,B) McQuay, Inc., 1600 Broadway, N.E., Mln- 
ncapulls 13, Minn. (p. lU.’i) 

C. F. MourcB Co., Inc., 1123 Ivy Hill Rd., Wyndinuor, 
Philu. IH, ]*a 

(A,R) National UerriRemliirH t’o., 827 Ivim'Iii .Ave., St. 
Louie 11, Mu. 
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(A,B) Niagara Blower Cu., 405Lexlngton Ave.., N.Y.C. 

17 (p. nr) 

(A,B) Rei:o PriKlurtH Div., RefriRcruticin Eorcr. Corp., 
2020 Naudain St., Philn. 40, Pa. 

(B) Reese A Luiir Rffrigerutiun I’ruilviilH, Inc., 1801 
Park Avp,., N.Y.l'. 35 

(A,B) Refrigeration Appliances, Inc., 917 W. Lake 
St., (Chicago 7, 111. (p. 

(A,B) Refrigeration Economics Co., Inc., 1231 K. 

Tuscarawas St., (Canton 4, O. (p. in?) 

Refrigeration F'ngrg., Inc., 7250 E. Slauson Ave., Lns 
Angeles, Cal. (p. inf!) 

(A,B) Reliance RerriReratiiiR Machine Co., 3401 N. Keri- 
zie Ave., (hiicuRO 18, 111. 

(A.B) Rempe Co., 340 N. Sacramento Blvd., f'hicaRO 12, 

111 . 

Edw. RBimelmrR Lk Suiih Cu., 2030 HoBtoii St., BulliinurL' 
24, Md. 

(A.B) lliRidbilt, Iiie., 2850 W. Fullon St., Chiwigo 12, 

111 . 

(A) lloBBsinR MIr. Co., Sharpslmrc St., I’il.tsburRh, Pa. 

(B) Rume-Turney Radiator Co., Home, N.Y. (p. It).',) 
(A.B) Stewart Ice Macliine Cu., 1282 W. Ist St., Piiinuna, 

Ual- 

Suner-Cold Corp., 1020 E. 51)th St., Los AiircIcb 1, Cnl. 
(B) Tenney EnRrR., Inc., 20 Ave. B, Newark 5, N..L 
(A,B) Vllter Mfg Cu., 2224 S. 1st St., Milwaukee 7, 
Wis. (p. .iS) 

fA,B) Whitlock MIr. Ih)., HI South SI., Hartford 10, f I. 
(A) Worthington Pump A Machinery Corp., Harri¬ 
son, N.J. (p. l/f/f) 

(A.B) XL TlefriReratiiiR Co., 1834 W. SOth St., ChiicuRo 
36. Ill. 

(A.B) York Corp., York, Pa. (p. f,,') 


BAROMETERS 

Bristol Co., Waterbury 20, Ct. (RecordiriR only) 

Colloid Equip. Co., Inc , 50 Cliurcli St.. N.V.(h 7 

Fee A Steniwedel, Inc., 2210 WaboiiHia .Ave., ChicMRo 47, 
Ill. 

MMimiiiR, Maxwell A Moore, liif., II Elias SL, BriiiR;- 
ptirl 2, f'l. 

Priu'.inion 'rhijriiiomiM er A IiiBtruiniMit (hi., 1442 Mraiidy- 
wiiie St., Phila. 30, Pa. 

Standard T'hcrnnnmotiT, Inc., 052 Dorcbeshor Avt;., Bos¬ 
ton 25, Mass. 

’riiRliiibui* liisl ruiiicnis Div. WchIum Elrrlrii.-:il Inslrii-. 
nicnl (.'orp., (il4 Frcliiipliuysi'M Ave., NnwarU 5, N..I 

Taylor IristruiiiiMil. ('os,, 1)5 Aunts St., RochcBter 1, N.Y. 


I BASKS, CABINET, CDMPRPhSSOR, MOTOR, elr. 

I .Arkcrniaiiii MIr. Co., Wlif'cliiiR, W.\':i. 

! Acklln Stamping Co., 1929 Nebraska Ave., Toledo 7, 
O. fp. 17!!) 

American Pulley Co., 4200 WisBahickon .Ave,, Pliila. 21), 
Pa. 

HosserL Co., IM). Drawer .358, Utica 1, N.A”^. 

Brasco MJr. Co., Harvey, Ill. 

CliicaRo Die CasliiiR MIr. Co., 2500 W. Muiiroc Si , 
ChicaRo 12. III. 

H. N. ('ook BeltiriR Co., 401 Hownrd St.. San Fniiieiscri 5, 
l-ttl. 

Electrovent Fan A MIr. Co., 812 W. Tiukc St., ChicaRO 7 

111 . 

l'<vaiiB MIr. Co., 460 S. lOtli Ave.. Mt. Vernon, N.V. 

Fahlstroiii Co.. 13 Fahlstroin (M,., Passaic, N..I. 

Kraiikliii Body A Ei|iiipiii('ii1 Corp., 1042 Dean Si., 
Brnoklyn 16. N.A". 

General Elec. Co.. 1 River Rd., Selienectady 5, N.V'. 

Graver Tank A Mfg. Co., Inc., 4800 Tod Avb,, 1'L (hiicago 

1, liul. 

Link-Belt Co., 2045 W. Iluiiting Park, Phila. 40, Pa. 

Maysteel IVodurts, Inc., 740 N. I’hinkinhtn .Ave.. Mil¬ 
waukee 3, Whs. 

McLal Specialty Co., Estc Ave. A BAG R.R., (hii'Li., O. 

I'jdw. llciiiieburg A Sons Co., 2630 BoBtoii St., BalLimore 
24, Md. 

Rockwood MFr. Co.. 1801 EiiRlish Avp.. Indianapulis, 
Incl. 

riian. A. Sehiercii Co., 30 Ferry St., N.Y.C. 7 

Southern BeltiiiR Co., 236 I’orBytlie St., S.W., Atlanta 2, 
Gu. 

Wi‘stiiiRinuiBO Eli'c. Corp., 44.54 Geiu’si'e St., BiilTalo 5, 
N.V. 




DP[H TYPE CDNDENSINE UNITS ICE CREAM CABINETS SEALED TYPE CONDENSING UNITS 



BEVERAGE COOLER WATER COOLERS GENUINE RELVINATOR PARTS AND SUPPLIES 


Y es! dependability is thi* ‘‘huy- Paris Depots to supply lliein—promptly 
word” of refrigeration customers today and at reasonable prices. For complete in- 

— you can give them dependability- formation and prices on any of the prod- 

PLus with Kclvinator! Long life is literally ucls shown here—or for refrigeration sup- 
engineered and built right into Kelvinator plies of any nature—call your nearest 

products. And if, after years of service, Kelvinator distributor. You'll (ind him in 

repair parts are needed—count on any one the classified section of your telephone 

of Kelvinator's nation-wide network of directory. 

that S£LLS*”TH£ THAT 

DiviBiDiv nr Nabh-Kblvinatoh ConPoBATion, Detbdit 32 , Michigan 

SPECIALISTS IN PRECISION BUILT REFRIGERATION EQUIPMENT SINCE 1914 





BASES 

22 BEARINGS 


RASES, MACHINERY fSoe alM) VIBKA'I'ION 
ABSORB INC BASES) 

Crilpniiil Iron Wku. Co., 17643 Si. Clair Avr., Clevoland 

10 , 0 . 

I'ahtroni f 'o., 13 FiilHlrriin I'rmrl., N.J. 

frrnver Tank & Mfg. Co., Inc., 4B0.‘l Tod Ave., E. Chicago 
1, Ind. 

Fj. f>- Koveii A Brg., Inc., 154 Ogden Avc., .Tcrewiy C3tv 7, 

N.J. 

liukenweld, Inc., Coal.eHville, Fa. 

MiiyBlt‘t“l FroduRt-B, Inc., 741) N. Fliinkinlnii .\vc.. Mil¬ 
waukee 3, Wis. 

I’alniRr-IlRc. Cu., 17UI Poland Avi;., Deirnil 12, Mich. 

Edw. Rennoburg A Huiib Co., 263!) RoHton Hi., Riilliinuri; 
24, Md. 


BASKETS, WIRE [Sue WIRE FORMINC) 


BATCH FREEZERS (See FREEZERS) 


BAUDELOT COOLERS (See WATER COOLERS. 
BAIJDELOT TYPE) 


BEARING MATERIAL 

Ri'Arium Metals Carp., 2fi8 Htiiie St., RoeheBter. N.Y. 
Helm out SnieUiiiK A liBiiiiiiig Wiirka, lac., 330 Hidiuuiil 
Avb., Rroiiklyik 7, N.V. 

Ilohn Aliiininuni A IlniMB Corp., E. Maumee, Adrian. 
Mich. 

Hunting UraHH A Hninze Co., 715 Suencer St., Toledo 0, (). 
Central Steel A Wire Co.. 3000 W. 61at St.. Chicago 32. 
111 . 

IhviHion Tii'iiil t3j., K3ti Kin/.ie SI., (Miicagn 22, HI. 
Eagle Ficher Halen Co., Aiiieriuin Hldg., [.Uncinnuti I, 0. 
I'lutectir; Welding Alltiyn Corp., 40 Worth St., N.Y.C. 13 
(Weld Metal) 

Federated MetalH Div., Ainuricaii Smelting A Refining 
Co., 120 Rroadway, N.Y.C. 6 
.Arthur llarrin A C3j., 210 N. Aberdeen St., Chicagii 7. III. 
Intcrnationiil Powder Metallurgy Co., 43!) W. Main St., 
Itidgwny, Pu. 

Moraine ProductB Div., (IrMi’l. MoinrH Corp., Daylon 1. 

Mueller Hruas Co., Port Huron, Mich. 

National Lead fk>.. Ill Hroadway, N.Y'.C. 0 
NortliwesL Lead Co., 2700-16th Ave., S.W., Seattle 4, 
WaHh. 

Jom^ph T. llyerBim A Son, Inc., lOLli A Rockwell HIb., Chi¬ 
cago, Ill. 


BEARINGS. BALL 

.Alillierg Hearing (!o., 302,5 W. 47tli St., (3tinngii 32. HI. 

Air ContrnlB. Ine,. Div. of Cleveland Heater Co., 2310 Su¬ 
perior Avb., Cleveland 14, O. 

HcanngB Co. of Anieriea, 501 Harrisburg Ave., laiiieaBter, 
Pa. 

HubIhh Cciir Wnrkfl, (jiiitiey 71, MasH. 

Chieagu Die Casting Mfg. Co., 2500 VY'. MoiiriM- ,St., 
Chicago 12, III. 

Dod^e Mfg. Corp., 505 S. IJiiioii St., Mishawaka, Ind. 

Fafnir Hearing Co., 37 Hooth St.. New Hritain. Ct. 

liwilliam Cii., 360 Furman St., Brooklyn, N.Y. 

Kuydiin Engrg. Corn., MuBkegun, Midi. 

Eau Hlowcr Co.. 2007 Horne Ave., Dayton 7, 0. 

Link-Belt Co., 51!) Holrnen Ave., IndplB. 6, Ind. 

McGill Mfg. C)n., Inc., VulpuriiiBo, Ind. 

Murlin-llockwell Corn., 402 Chandler St., Jamestown, 
N.Y. 

Mesainger Hearings, Inc., D St., above Eric Ave., Phila. 1, 
Pa. 

Miniature PrucisiDii Hearings, Inc., Carpenter St., Keene, 
N.H. 

New Deiuirtiire Div., Gen'l, Motors Coyi., Hrisiul, Ct. 

Nine Ball BBariiig Co., 30th A Hunting Park Ave., Phila. 
40, Pa. 

Norma-HofTinan Hearings Corp., llainilton Ave., Stam¬ 
ford, Ct. 

Paliiier-Heo Co., 1701 Poland Ave.. Detroit 12, Mii-.h. 

SKF Industries, Inc., Front St. A Erie Ave., Phila. 32, Pa 

Standard-Keil Hardware Mfg, Co., Inc., 63B Broadway, 
N.Y.C. 12 

Stephens-Adamaon MIg. Co., Ridgeway Ave , Aurora, HI. 
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BEARINGS. BALL. FOR DRAWERS (See SLIDES) 

BEARINGS, graphite, UILLESS OR SELF-LU¬ 
BRICATING. etc. 

Amplex Div., Chrysler Corp., 6.501 Harper Avc., Detroit. 
31, Mich. 

Be.arium Metals Corp., 268 State St., RoeheBter, N.Y. 
BoHton Gear Works, fiuioiy 71, Muss. 

Bunting Brass A Bronze Co.. 715 Spencer St., Toledo 1), O. 
BuBhingB, Inc., 4:i.5H f'tiolidge lligliwav, Hnvol Duk, 
Mich. 

Clevehind Graphite Bronze ('o., 17000 St. tUair Ave., 
L'levelund 10, 0. 

Congress Drive Div., Taiin Corp., 37.50 E. Outer Drive, 
Detroit 34, Mich. 

Dodge Mfg. Coiji., .50.5 S. ITniun ,Sl.., Minhaw'aka, Inil. 

B- F. Goodrich Co., 51K) S. Main St., Akron, O. 

Graphite Metallizing t'orp., 1050 Ncpperlian Avi;., Y^m- 
kers 3, N.Y 

Interiiutiunal Powder Metallurgy Co., 43!) VV. Main St., 
liidgway. Pa. 

Iveyfltoiie Carbon Cn., Ini:., 11)3.5 Stale Si., Si. Mary's, 

l*a. 

Moraine 1‘roducbB Div., Gen'l. Motors Corp., Dayton 1, 

t>- 

Pure Carlion Co., Inc.. 445 Hall Avr., St. Mary’s, Pa. 
Randall Graphite Hearings, Ine., Greenlawn A Erie HR., 
liinia, (). 

Joseph T. llyerBnn tk Son, Inc., IGth A Rockwell Sis., C'lii- 
cago, Ill. 

U. S. Graphite Co., Saginaw, Midi. 

Wd-Met Co., Ill) CougU'T St., Kent, 1). 


bearings, ROLLER 

Aetna Ball A Roller Rearing Cu., 4600 Sehubert .Ave., (’Iii- 
cugo 31), 111. 

(3uirles Bond Co., 617 Arch .SL, Phila,, Pa. 

Dodge Mfg. Co^)., 505 S. Union St,, Mislmwaka, linJ. 
Fafnir Bearing Co., 37 Hooth St., New Britain, Ct. 
Gwilliam Co., .360 Furman St., Hrooklyn, N.Y'. 
llystt Bearings Div., Gen’l. Mu tors Corp., llarrison, N.J. 
Kayilon Engrg. Curp., MuHkngun, Midi. 

Link-Belt Co.. 511) Holmes Ave., Tnilpis. 6, Ind. 

MeGill Mfg. Cu . Ine., Valparaisi), Inri. 

Marlin Rockwell f'orp.. .Imnestown, N.Y'. 

Messinger Bearings, Inc., I) SI., above l^rie Ave., Phila 1, 
Pa. 

Norma-Huff man Bearings florp., Hamilton .Avr., Stam¬ 
ford, Ct. 

Roller Bearing Co. of .America, Trenton, N.J. 

SKF Industries, Inc., Front St. A Erie Ave., Phila. 32, Ha 
W 1']. SprouHi' I'd., Ine., 1804 22iid St., Ci)liiinl)iiH, linl. 


BEARINGS, SLEEYE 

Aetna Ball A IIoUlt Hearing (-o,, 4600 Schubert Ave., I 'hi- 
cugn ,3D, 111. 

Ampco Metal, Inc,, 1745 S. 38tli ,Sl., Milwaukee 4, Wis. 

Aniplex Div., Chrysler Corp., 6501 Ilarper Avc., Detroit 
31, Mich. 

Hearium Metals Corp., 268 State St., Rochester, N.Y. 

Chas. Bond Co., 617 Arch Si., Phil.a., Pa. 

Bunting Brass A Bronze Co., 715 Spencer St., Toledo !), 1). 

BuHhings, Inc. 4358 ('ollidge Highway, Hoyal Dak, 
Midi. 

Central Steel A Wire Co., 3000 W. Slat St., Chicago 32, 

III. 

Chase Brass A Copper Co., 236 Grand St., YYaterbury [)1, 
Ct. 

Chicago Die Casting Mfg. Co., 2.500 W. Monroe St., Chi¬ 
cago 12, HI. 

Cleveland Graphite Bronze Co., 17000 ,St. Clair Avc., 
Cleveland 10, O. 

Dodge MIg. Co^.. 605 S. Union St., Mishawaka, Ind. 

Federal-Mogul (Jorp., Shoemaker A Lillibridge Sts., De¬ 
troit 13, Mich. 

B. F. Goixlridi Co.. 500 S. Main ,St., Akron, (). 

Graphite Metallizing Corp., 1050 Nepperhan Ave., Y'un- 
kers 3. N.Y. 

International Powder Metallurgy Co.. 43!) W. Main iSt., 
Kidgway, Pn. 

Kaydon Engrg. Corn., Muskegon, Mich. 

Lau Blower Co., 2007 Home Ave., Dayton 7, O. 

Link-Belt Co., 2410 W. 18th St., (Chicago 8, HI. 

( Continued) 
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Westin^house Electric Corporation 

AIR CONDITIONING DIVISION 
IIYDK HARK ... ROSTON 36. MASS. 

iPistribulnrs in .411 
/‘rinripa! Cifir.« 

A cnmplctc liiiL* of Air Kcfri^n-nitinn. ITratin^. ViMUilatin^ am! I'.lcr 

trf)niL* Air ClLaiiin^ Etiuiliincnl inrlmlin^ . . . 


\ ;iriil W '1'^ Inline 'I’^ppK 

■j, :i, .1, X T'.. ii.|i. in, i.-i. I’ll, 2.'». ill A r»ii h.ii. 

IIERlVlETIC.AIJ.Y-SEAEEn COMPRESSORS, TY1*E CLS wiih iliifia-rnnnnliil iclri^nuiil- 
ciMilfd nifilfii^. Ki lri^iM'atioii lapaiilii'.'s from 2 In 100 Inns (ASKK contliliims; ul smlioii li*m|n>iii 
liiri’s finm lOF In TiOK. Ask for fulilf'r DH 101-110 iimi lln* fiCS serif's. 

WATKR-COOI.EI) CONDENSERS, TYPE fAVC Id si/rs in rniimmiially mnlrli i I'frif’ci :il inn 
1 l■l|Lli|■rlll^‘llls. 2 In 100 Inn (’aparilif's. 

I'lVAI’OUATIVE CONDENSI'.RS, 'I'Yl’K EVA for upidiraliniis wlirrc wain fni cnnilr.nsin^ 
piirffnsiv^ is liiiiiinl. Eji in 100 Ion rajiai ilii*s. A.'^k fm fnliler E\^A-0(M)-A, 

ViAl’ER (COOLERS, I’YPIC EC -vnlital '■f.'ini-llnnili-iJ lypr for iisi* in iniliirri syslrni''. (.'aparilii's 
T'li III lOO Inns ill (I lii^li rah' nf In“al liansfri. A.'^k Ini fnlrlrr DM lO'ElOf). 

COOLINfJ AND HEATI.NC (iOlLS -a rompli'li' lim; nf Direnl Expaiisiiin, Waler anil .Sliiam (!iiils 
In mi' 1‘1 all rnpiiitMiK'iils. (jiil.< ilnsi^ninl Ini iiiiiKiiiiiiiii lii-ul iransfiM' v\illi siafr^i-ri-il liilii's anil plaln- 
ty|ie liris. Ask I nr 105-000 sf'ries. 

AIR HANDIJNC UNITS, CENTRAI. PLANT TYI'E, willi fan ii.ssi'inlily of ihr liarkwanlly In 
I'liiinl liladn lypc, ilesiIn aii'nmmniJule rnnlinj^ anil liralin^ mils, lillns anil liiiiniililyin^ 
n|iiipini‘nl willi rapaiilit's 12rKl In 111,000 (’EM. Ask fni fnldns 1)11 01-750 anil 102-720. 

FOR SKI.F-CONTAINKD IN.STAI.LATIONS . . . 

SKl.l’-(;0!>TAlM';i> UNITS, TYI'K 

.SU- -rajiacilir.s id 2, '1. 5 and 8 Inns. 
De.sigiied fnr wil)iin-llii‘-.s|iunr in.slalla- 
linns. May In* irmnLidy IrualnJ fnr n.si 
willi duilwnrk. Mndnn dr.sifiii raliini-l 
Mends willi innsi inlfrinrs. Ask fnr 
folder 1)B 102-205. 

CENTRAL PLANT UNITS, TYPE 

LU for remoll*, inslalliilion.s. Capai.ilics 
10, 15, 20 and 25 inns. Ask for fnlilrr 
LU-000 A7. 

Bolh llie lype SU and LU iinirs are roin- 
plclely as.senilded, idiarged and lesled al 
ihe fai'lory and are ready for operalion 
afler .simple eonneetions io waler, drain, 
fiower and duelwork (if userl) arc marie. 

To meel .speeifir joli reipjiri'menl.s a full line ol equipment is availahlc, innluding Air Wasliers, 
■Surface Dehiiniidifier.s, Veiililaling Fans and Electronio Air Cleaners (PRFXIPITRON), providing 
a eomplelp line, of equipmenl from one .sourer; writh undivided responsibility. Con.sult your Clas.siried 
Telephnne Direrlnry for the We,slinghou.se Air Conditioning Distributor neare.sl you. 
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nKAHINr;S. SM:LVK (ContinuLMl) 

MrCiii:iy-NnrriH AITk. t (•.. M.'irrojii Avc., SL I.niiis 

ID, Mo. 

MontiiiE: J’riMlui'lH Div., (li-ii'l. Motors tlorii., n:ivloii I, 

f). 

Nationu.1 Ltiuil Co., I ll Uroarlway, N.Y.C. fi 
I’iiliiiiT-lU-i- I'o., I7i;i I’ohiiifl Avi‘., 1 )i‘1riii1. 12, Mirli. 
Hundall firanliitc Proilui'.tH Corp., (IDII W. Lake St., Ulii- 
eiiKii D, til. 

Holler IIpariiiK Co. of Anieiieu, IVeiiton, N.J. 

.lOBepli 'I'. Hyersoii ik Son, Ini;., Kith ik Kiii-.kwell SIb.. 
CliieuKO, Ill. 

SuKiiiaw heariiiK Co., 82U S. VVati-r St., Saginaw, Mieli. 
SlienariKO-Peiin Mold (h)., Dover, (J. 

V. IL S|)roiiHL; Co., Inc., I8U-1 22tid SL, ColiiinliiiH, Inil. 


HliLR rUtOLLKS, BOTTLES (Sec BO'I ILEO BEV- 
EKACE COOLERS) 


BEER COOLERS, DRAFT 

(A—Self-contained; B—With colls but without coii- 
denslntl unit; C —No rolls or condenslnii unit) 

(A,B) hemcn Mf*. C orn., lAOl Minor at l*ike, Seattle 1, 
Wash. 

Di'liiware IlcfriKciation I'o., H:{4 N. (itli St., T'liila. 2.’L T'a. 
I'lvaiiH Mfg. Corp., 4liU iS. llltli .\vi'., M t. Vernon, N.V. 
Fleetwoorl .‘VirMow, liir;., 421 N. I’eniia. Avn., Wilkcs- 
Harrc, Pa. 

(A,U,(>) Fori:! HefriRerator Co., 540(J Eailoiii St.. Phila. 
27, Pu. 

Freezer Box Div., Annupolis Yacht Yard, Box 791, 
Annapidis, Md. (/). ^i'>7) \ 

(A,H) rod Friedrich S,iIl-b Corp., 1117 L. ('oiiioii‘ri;e St., 
San Antonio H, 'ri;x. 

(A,P,(,') Ccin ItcfriRcralor t^i., Kiri W. Wvon»i?ig Ave., 
JMiila. 40. Pm,. 

1 leut-X-l'.hiinger Cn,, Inc., Brewster, N.Y. (/* 

(P) iloliii Iferri'll lV Soria, liu;.. 241 la’ar ,St., Coliiinluia 
ri, IL 

(A,Jl) Ideal ('oiiler Corp., lOaaLon Ave., St. Louis fi, 
Md. 

(A) Knolnr Keg iSystiMTis, 11 Mill ,St., Ih;lleville !1, N.J. 
(A,H,C) I.,ii OoSBC Cooler Co., 28011 Loaey lUvd., S., T^a 

rVoHse, Wis. 

Lingle IKdrigeralnr Co., Inc.. I I Hi L. irdli St., Kaiisafl 
f ’ity (i, Mn. 

(A,11) MasLer-llilt 11efrigeration iMfg. f'o., !)20 I’aliii St., 
St. laniiH 7, Mo. 

Naliriii;il f'oii|i-r I'nrp., KiHO W’nudlainl Aviv, ('li vi-laiiil. 

(I. 

(A.ll.C’) Natiiinal llefrigeratorH C’o., 827 Koeln Ave., St. 
TiOiiiH 11, Mo. 

Nor-Laki', Ini’., 2iiil A’ Llin Sla.. MiidBUii. Wi.R. 

(.A,11) 11. t’erlick Hruaa Co., 'll 10 W. Mrinecke .Avc., Mil 
waiikee 10. Wis. 

(A,11) C. SchiTiidt Cn., John it liivingston Sts., Ciu'li. 14, 

O. 

Star Metal Alfg. (''o_, Inc.. Trenton .Ave., it .Ann St., Phihi. 
24. Pa. 

(11) 'remprlte Fniducls Corp., E. Maple Road, Blr- 
mlniiham, Mich. (p. iS’.'V) 

(II) reiiiiey 1'higrg., Inr., 2(1 Ave. 11. Newark Ti, N..F. 

(B) Tyler Fixture Curp., 1401 Lake St., Niles, Mich. 

(p. SJ) 

( A,11) Uiiiti'd llerrigeralnr Co., IIuiInoii, AA'is. 


BEER LINE INSULATION (See INSULATION) 


BELLOWS, MEFALLIC 

Hriilm'prirl Tlierninsl ji 1 l )iv. of IKiberlNliaw-Full i>ii Con. 

Irols I'll., I22ri Cniineiiiciit .Ave., Ilridgeport 1, Ct- 
Chicugn Metal Hnne Corp., Maywoixl, 111. 

ClilTnrd Alfg. Co., 110 (irove St.. AVallhaiu 54, Mass 
f'ook F,lec. Cn., 2700 Southport Ave.. Chieagn 14, Ill. 
Fulton Sylplinn Co., Knoxville, Tenii. 

Standard 'riieniiniiii'l er. liie., 052 Dnrchesler .Ave., 
Ilostfiri 25, Mass. 


BELLS (See SICNALS) 


BELTS &L BEL TINC, FLA P 

.Ami'rii-an Pulley Co., 12IK) WiBNahickiin Avr*., Pliila. 2!l, 
Pa 

llaltimorc llelting Co., 22 S. Cay SI,., Ilaltiniorc 2, Aid. 

Chaa. lloiid Co., 017 Arch St., Phila., Pa. 

JluBtoii W oven Hose ik Ilublier Co., P.D. Box 1071, Tlos- 
tnii 2, Mass. 

Cainbridiri; Wire (’loth Co.. ('ainbriilge, Md. 

Chicago Belting 113 N. Creeii St., Chicago 7, III. 

Chicugu Rawhide Mfg. Co., 13()(j DIbI-uii Ave., Chicago 22, 
Ill. 

JI. N, Cook Belting Co., 401 Howard St.. San FraneiHco 5, 
Cal. 

R. (k J. Oiuk (hi., Tiic., 24 Slide St.. PaHsaie, N.J 

Eagle lleltiiiR ik Lcatlier Co., 1401 Central Pkwy., Cin'ti. 
14. 0. 

Fifllier Leather Reltiug Co.. Inc., 325 N. 2rJ SI.. Phila. (i, 
Pa 

UatOB Rubber Co., 0!)!l S. Broadway. Denver 17, Colo. 

H. II. CiliTier Co., Div. U. S. Rubber Cti., 7230 IveyBlime 
SL. Tanmy, Pliila. 35. Pa_ 

B. F. (iooilrich Co., 500 S. Alain St.. Akron, 0. 

fxoodyear Tire ik Rubbeir fh)., 1141 E. Market St., Akron 
Hi. 0. 

i Cratoii ik Kliigbt (hi., 2.5li I'raiikliii St., WhircijBl er 4, 
ALibb. 

Ilfwilt Rubber Div. ITewil I-Robins, Inr., 210 KiMising- 
toii Ave., BufTiilii 5, N.Y. 

IL F. Hoiiglitnn tk Co., 303 VV. T>[diigli Ave., Phila. 3.’L Pa. 

Hudson Belling (.2)., 84 E. WhireeBter St., Worcester 4, 
Mass. 

Maiiheiia Alfg. ft: Belting (h)., Manheim. I’a. 

New York Belting ft Paeking Co., 1 Market St., Pass.iii;, 
N.J. 

Palnie.r-Bee Co., 1701 Polanil Avi'., Detroit 12, Alii.h, 

: (Quaker Rubber Curp., I’acony ft I'omly StB., Pliila. 21, 
I a. 

llaybeHtuB-Manhattan, Inc., lil Willett St.. PaHsaie, N.J. 

J. E. Rhoads ft SmiH, 35 N. lith St.. Pliila. (>, Pa. 

IliiBBell Mfg. Co., 400 E. Alain Sl... Middlelowii, Ct. 

ChaB. A. Schieren Co., 20 Ferry St., N.Y.C. 7 

Soutliern Belting Co., 2311 Fursytli St., S.W., Allanla 2 
Ca. 

Tliernioid Co.,'J'reiil on, N.J. 

U. S. Rubber Co., 1230 Ave. of the Americas, N Y.C 20 


BELTS ik BEl/riNC, VEE 

.AUiB-ChalmnrH Allg. Co., Alilwaukee 1, VVia. 

Ainerieuii Pulley Co., 4200 WiBBiihiekon Ave., Phila. 2n, 
Pa. 

Baltimore Belting (.hi., 22 S. Clay St.. Baltimore 2. Aid. 

IJoBtoii Woven Hose ft Rubber Co., P.O. Box 1071, Bos¬ 
ton 2, M.aBs. 

Browning Alfg. C^o., Inc., Alnysville. Ky. 

(hnigrnBB Drive Div., 'I’aim Corp., 2750 JL Duter Drive 
Detroit 24, Alirli. 

II. N. Cook Belting Co., 401 Howard St., San Franciaeo 5, 
Cal. 

Davtoii Rubber Co., 2312 W_ Riverview .\ve , Dayton 

■ 1 , (). 

R. ft J. Dirk Co.. Inc., 24 Saile St.PaBsaie, N.J. 

Eagle Belting ft Leather Co., 1401 CBJitrul Pkwy., Cin’ti. 
14. 0. 

Firestone IiidusLriiil Products t’o., 1200 FireBtone Pkwy., 
Akron 17, 0. 

(larbiek Parking I.'n.. 402 E. Alain Sl.., Piilinyra, N.Y. 

CJatCB Rubber Co., OfD S. Broadway, Denver 17, Colo. 

General Tire & Rubber Go., Garfield St., WahaHh, 
Ind. (p. 17 J) 

L. 11. Ciiliner Co., Div. V. S. Rubber C'li., 7230 Keystone 
St., Tacony. Phila. 35, Pa¬ 
ll. F. Goodrich Co., 500 S. Alain St., Akron, 0 

Goialyenr Tire ft Rubber ('o., 1141 E. Market St., Akron 

16 , Q. 

Maurey Mfg. C^Iorn., 2907 S. W’abaBh Ave., Chiirago 10, 
III. 

New York Belting ft Packing Co., 1 Market St., Passaie, 

N.J. 

Palmer-Bee Co.. 1701 Piihiiiil .Ave., Detriill 12, Midi. 

Pyott Foundry ft Machine Co., 328 N. Sangainnion St., 
C^liicagii 7, 111. 

Quaker Rubber C'orp., Taeony ft C’omly Sts., Phila. 24, 

Pa. 

IlayheBtoB-ATanhnitan. Inc., Gl Willett St,, PaHajiie, N.J. 

(Continued) 
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Carrier Corporation • Syracuse 1, New York 


MARINE DIVISION 
3B5 Madison Ave. 
New York 17, N.Y. 


Carrier 


INTERNATIONAL DIVISION 
385 Madison Ave. 

New York 17, N.Y. 


Offices and Dealers in all principal cilies—refer lo your lelcpliime ilirei lory 


Centrifugal Refrigerating Machines 

Ffir large scale air conditioning, low tmipera- 
turc process rclTigeratioii, direct or indirect 
f'ooling of water, brines, hydrtjcarhons and other 
liguids, and for liquefaction of vapors and gases 
Capacities from 100 to 2000 tons cooling using 
steam turbine, electric motor or diesel engine 
[Irive. 








Absorption Refrigerating Machines 

Complele jiackaged ret ngerating |daiil for pro- 
dnciiig chillril water at dfiF or liiglicr in tiillx 
anlunialic ojicraliiiii between 10 anti 100 percent 
cajiacily. Uses liigli or low itrivssnre sli'ani fur 
Dperatiuii with salt and water solnlioii as tlie 
absurliLMit, Five sizes in ccjoling capacities from 
115 to 550 tons. 

Reciprocating Refrigerating Machines 

rnmidete packaged refrigeraliiig jilanl of 100 
Id 200 tons capacity tdiills water or brines in 
all ranges down to minus 20h' and cmnleiises 
vaiiors. Steam turbine, electric niolijr or diesel 
engiin* drive. 

Compressors and Condensing Units 

J^’rom 5 lip to 200 lip siiilable for use with Freon- 
12, Freon-22, ammonia and C'arrene-? tbroiigli- 
oiil entire lemperaliire range of refrigeration 
and air coiidiLiuiiing applications. Direct or bidt 
d rive. 

Blast Freezers and Cold Diffusers 

h'or food freezing anil storage, meat packing op¬ 
erations and other industries reijiiiriiig niediimi 
and low temperatures. Unit.s are availalde for 
fniiie, amiiioiiia ami I'Yeoii refrigerants, in siis- 
pen.sioii or floor moilels, dry coil ami s]nay lype 
ill a range of sizes ainl ea]iaeilies iiji ia 40 tons. 

Evaporative Condensers 

hor nuIrhiDr or indoor imstallatioii in air con¬ 
ditioning, refrigeration and industrial water 
cooliiig in place of water cooh-fl Lvimleiisers or 
cooling tnwer.s. Simplify writer supply ami dis¬ 
posal jiridjlcms. Seven sizes in caiiacities frum 
10 III 'in tuns. 

Wrilv for deicriptirc literature nn any 
of the abore equipment. 










BELTS 

26 BLOWER FILTER UNITS 


HKLTS Si BELTING, VEE (Cuntlnuod) 

Chan. A. Schirren Co.. .10 Ffirry Rt., N.Y.C. 7 
Simoiitln Gear &: Mfg. Co., 2.'i01 Liberty Avc., PiliBburRh 
22, Fb. 

Tlicriniiir] Co., Trenton, N..T. 

U. S. Rubber Co., 1230 Avn. nl the AmeriruB, N.Y.C. 20 
V-HelL Clutcli Co., 41H N. WoHLorn Ave., liOH AiigdeH 4, 
Cal. 

WorthlnfltDn Pump & Machinery (]urp., Harrlsun, 

N.J. (p. 144) 


BENDING (Sec PIPE COILS, BENDS & BENDING) 


BENDINC;, SMALL PARTS (See STAMPINGS) 


BENDS (See RETURN BENDS) 


BERYLLIUM COPPER 

Rerylliurn Corp., P.O. Do* 14(12, Reudiiig, Fa. 

(liiii'l. Fla(.e Div., Meialfi iSlc CoritrolH C'urp., .Mlleboro, 
Miihb. 

F. 11. Mallory dc Co., Inc., .1020 E. Wanliington Rt., 
Indpla., Ind. 

BEVERAGE COOLERS (See BOTl'LED BEVERAGE 
COOLERS) 

BEZELS (See NAMEPLATES) 


BIMETALS (See ITIERMOS l A’ITC BIMEl ALS) 


BLADES, FAN (See FAN BLADES) 


BLASr COILS (See AIR CONDITIONING COILS) 


BLAST FREEZERS (See FREEZERS) 


BLENDERS, STEAM-WATER, etc. 

Sarcu Co., Inc., .I.l0-5tli Ave., N.Y.C, I {p. 1(!7) 


BLOCK TIN (See TIN) 


BLOOD PLASMA REFRIGERA rOHS (See RE¬ 
FRIGERATORS, BIOLOGICAL) 


BLOWERS, BLOWER WHEELS, HOUSINGS 8t 
SCHOLLS (See also FANS) 

.Advance Fan A Hlnwcr (’o., .142H Hiiglcy, Detroit., Midi. 

Air CnntrolB, Iric., Div. of f'levdand lleater Co., 2310 
Hiiperior Ave., Cleveland 14, 0. 

Alaildin lleatiiiK Corn., 2222 Sun Fablii Ave., Oakland 12, 
Oal. 

Allington A Curtin Mfg. Co., ISIO Holland A vp., SaKiiiiiw, 
Mich. 

AmcriiMin Blower Corp., Div. of American Radiator A 
Standard Sanitary Corp., 8111 'J'iremaii Ave.. De¬ 
troit 32, Mich. 

American Marhine Froductn Co., Marnlialltnwn, Iowa 

Hauer Hroa. 1774 SliiTidiin Ave., Spriiiglield, (4. 

Hayley Hlower Co., 1H17 S. (Killi Si.. Milwaukee 14. Wia, 

Hinhop A Habcock Mfg. Cu., 4!(ni Hamilton Ave., N.E., 
(jlevdand 14, □. 

HiiFTalo Forge C^i.. 217 Mnrliiner .Rl., HufTaln, N.V, 

E. ir. Campbell Heating Co., IHOU MandieBter Rt., Knn- 
Baa City 3, Mo. 

Campbell lleatinjg Co., 3121 Dean RL, Des MoineB 4, la. 

Carling Turbine Blower Co., 25 St. .IoIih'b Rd.. WorccBter, 
Mbbb. 

t'ontury F’an Ventilator Cii., 47 Cedar St., Stamford, Ct. 

t^hampion Blow’cr A Forge Co., Harrisburg A Charlotte 
Sti.,Lancanter, Fa. 

Chicago Blower Corp., 4588 W. CongresB St., Chicago 24, 

ClaragB Fan Co., Forter St., Kalamazoo IG, Mich. 

Colonial Iron Wks. Co., 17043 St. Clair Ave., Clcvda.id 

10, O. 

Commercial Shearing A Stamping Co., 1775 Tjogan St., 
Youngstown, U. 


Refrigeration Classified 


1 DcTiaval Steam Turbine (.4j., 853 Niil liiighain Way, Tien- 
j ton 2, N,.I, 

1 Delrnit .Stamping f’o.. 41S Midluiirl Avcv, Delroil 3, 
i Mil'll. {V-2U) 

\ Electrijviait Fan A Mfg. Co., 812 W. Ijake St., Chicago 7, 
Ill. 

Faneo InduBtrien. liic., Union A Augusta RIs., Rodirsl er 
2. N Y. 

Ciardp.ii City I'an Co., 332 S. Michigan Ave., Chicago 4, 
Ill. 

General Blower Co., Ferris .Ave., Morion Grove, 111. 
Ilartzdl Fropdlir I'an Co.. Fiiinei'N Ave., Fiqua, ((. 
IlaBtifigH Air Conditioning Co.. Inc., Hastings, Neb. 
llg Elec. A Ventilating Co., 28.50 N. Crawford Ave., Chi¬ 
cago 41, III. 

Johnson Fan A Blower Corp., 1318 W. Lake Rt., ('hicagn 
7, Ill. 

King Co , 002 N. Cedar ,St., Owatonna, Minn. 
Knhlenberger Eiigr|>. Gnrp., HiOO W. (himmiui- 
wealih, Fullerton, Cal. [p. ;9.'n 

Lau Blower Co., 2007 Home Ave., Dayton 7, O. 

TiChigh Fan A Blower Co.. Div. of Heilman Boiler Wks , 
Inc., 128 Linden Rt., Allentown. Fa. 

Leiman Itrus., Inc., KXl Christie Si., New'ark 5, N.J. 
.loH. A. M.'irtiu-elh. A Ci... 220 N. 14tli Rl.. I’hila. 7. I'a 
Mriori' Co.. Marcel ill e, Mo. 

Morrison Froilurts, Inc., 1081(5 Waterloo Bd., fUcvelanil 

10. f). 

National Engrg. A Mfg. Co., 51!) Wyandotte, Kansas 
City (5, Mo. 

Herman Nelson Corp.. 1824-3rd Ave., Moline, Ill. 
Newcuirili-Detroit ( 'o.,5741 l{unsell RlLetniit 11. .Vlii li 
New York Blower (-‘o., 3155 Rhielrls Ave., ( Jiicago 1(5, Til. 

NluAnra Blower Go., 405 Lexington Ave., N.Y.l]. 17 

[p. H7) 

I Feerle.ss Elec. Co., 2000 W . Market Rl., Warren, 0. 
j Rpco Froduds Div., Hefrigeialion Engrg. f'orp., 2020 
i Naudiiin Rt., Fliila. 4(5, Fa. 

I Reilniund Co., Inc... Owosso, Midi. 

I Edw. Ueiineburg A Sons Co., 2(53!) Hoslori Rt., Bjiltimon- 
I 24, Md. 

Robinson Ventilating Co., Zelienonln, Fji. 
RootH-Connersvillc Blower f’orp.. r.O. Box 327, CDiincrs- 
vilic, Ind. 

St. Louis Blow Fipu A Heater f'o., Inc., Div. of Skinner 
Heating A Ventilating Co., Inc., 1!)4H N. flth Rt., Rt. 
Tiouin (5, Mo. 

Rchwitzer-t'umminB Co., Indpls. 7, Ind. 

V. E. Sprouse Co., Inc., Columbus, Ind. 

Standard Elec. Mfg. Co., W. Berlin, N.J. 

Sterling Blower f’o., 701 Windsor Si.., TTarl.ford 1, Cl., 
n. F. .Sturlcviint Div., WestlnghouHe Elec. Corp., 
101 Readvllle, Si., Boston 3(i, Mass. (p. !i:i) 

f). A. Sutton Corp., KFTI Bldg., Wichita, Kan. 
Torringtoii Mfg. Co., 71) Frntikllii St., 'Furringtun, 
Ct. ^ ip. ^7) 

Trane Co., La CroBse, WIb. (p. IIS) 

11. S. Air I Conditioning Cnrp., Como Ave., S.E., a I 
33rd St., Minneapolis 14, Minn. Ip. .1(7 1 

Utility Appliance f’orp., 4851 R. Alameda RlT.us .Angeles 

i . .11- 

I Viking Air Conditioning Corp., 5500 Walworth .Ave., 

I (Ueveland 2, 0. 

I Tj. J. Wing Mfg. Co., 154 W. 1-1 th Rt., N.Y.f\ 11 


BLOWER FILTER UNITS 

Air Controls, Inc., Div. of Cleveland Heater Co., 231(1 
Superior Ave., Cleveland 14, (j. 

Aladdin Heating Corp., 2222 Ran I'ablo Avn., Oakland 12, 
Cal. 

.Ainericaii Machine FroduciH I'n.. Marsliallluwii, la. 

Bryant lleater ( Id. , 17825 Si. ('lair Ave., Cleveland 10, (). 

Buffalo Forge ('o., 217 Mortimer .St., BuiTaln. 

Dollinger Corp., 1 Centre I’nrk, Rocheater 3, N.A'. 

Excelsior Steel Furnace ("u.. 118 S. Clinton, Chicago (5, 

III. 

Johnson Fan A Blow^er Corp,, 1318 W. T^akc St., Chicago 
7, Ill. 

King Co., 002 N. Cedar Rt., Dwatonna, Minn. 

Lau Blower Co., 2007 Hon^e Avb., Dayton 7 . 0 . 

P. II. MaGirl Foundry A Fiimncn WUb., 413 E. Dakiniiil 
Avd., Bloomington, 111. 

Naiionnl Air Conditioning, Inc., Johnstown, Fa. 

National Engrg. A Mfg. Co., 511) Wyandotte St., Kansas 
City G, Md. 

C Cnntimied) 


i 





Refrigeration Classified 



SHOULD BE SELECTED DURING 
EARLY STAGES OF UNIT DESIGN 

By I'Dnsulting Tnrringliin durin;: the early singes 
(if produel design, mtiniifueliirers planning ihc 
ini'liision ol an air impeller in n new iinil will «e- 
eure ihe greulest good from niir long cxpcrieiire 
in file application of forced air. 

I'lic annoying, sometimes embarrassing ilelays 
and expense of design changes can be avoided wilb 
expert help at llie riglil lime, which, we repeal, is 
in the Fj cginning. 

From aniiing ihe wide range of sizes, pilches 
and styles of Airislncrat propeller type fun blades, 
nr sizes and widths of Airolor blower wheels, the 
eorrcci air impeller fur your needs can usually be 
supplied. Write or phone for inrornialinn. 







MANUFACTURING COMPANY, TORRINGTON, COI^ 



BLOWER FILTER UNITS 
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BLOWER FILTER UNITS (Continued) 

Pace Co., 116 N.W. Coueh, Portland, Ore. 

Peerleai Elec. Co., ZOOO W. Market St., Warren. O. 

St. Louib Blow Pipe & Heater Co., Inc., Div, of Skinner 
Heating & Ventilating Co., Inc., 194B N. 9th St., St. 
Louis 6, Mo. 

U. S. Air Conditioning Corp., Comn Ave., S.E., al 
33rd St., Mlnneapolle 14, Minn. (p. 37] 

Viking Air Conditioning Corp,. 6000 Walworth Ave., 
Cleveland 2, O. 


BODIES, TRUCK (See TRUCK BODIES. REFRICER< 
ATED) 


BOI/rS, NUTS & SCREWS (Sec also FASTENERS) 

Allen Mfg Co., LIS Sheldon St., Hartford 6, Ct. 

Allmetal Screw Producte Co., Inc., 33 Greene St., N.Y.C 
13 

Aiiii?rir'.iiM Site*w Co.. AViliiinantir, Conn. 

Alias Bolt & Screw Co., 1108 Ivanhoe Rd., Cleveland 10, 

0. 

Autoeerew' Co., 21(5 W. 18th St., N.V.C. 11. 

Bethlehem Steel Co., Bethlehem, Fa. 

Hiiote Aircraft Nut 51) St. John Si.. Stanford, Ct. 

Bobb Nut A Bolt Co., 3403 W. 47tli lSI., Chicago, Ill. 

MriHtol ("o., Wal.erburg 20, Cl. 

MiifTalo Bolt Co., 101 Eaet Ave., N. Tonawanda, N.Y. 

('entral Screw Co., 3501 Shielde Ave., Chicago 9. III. 

Chase Brnae A Copper Co., 236 Grand Bt., Waterhury 91, 
Ct. 

f'll inigo Setcw Co., 2701 VViiHliiiigi ini Blvcl., Bi*I1wimm1. III. 

Clark Bros. Bolt Co., Milldale, Ct. 

('li'vi'laiid Cup Screw 2917 1’-. 7!Mh St., Cln\M‘hiiiri I 

0. 

(^olumbuB Bolt WWb. Co., 291 Marconi Blvd., ColurnbuB 
16, O. 

C/Uiitirniiital Screw Co., 4,59 Mt. PltjaHfint SI., New Bcd- 
fiinl, Miibh. 

f4)rV)iii Screw l.'iirp, New Briliiiii, Ct. 

I'jliiHlii' Sliiji Nut (hirp., of .\inerieii, 2.'130, Vuuxliall Hd., 
riiioii, N..I. 

GripNul. r!ij., 310-RI) S. Miehigaii Ave., f3iicagi>, III. 

11. M. lIurpiEr ('u..H2()() liehigh Ave., Miirloii Grove, III. 

Win. 11. lliinkcll f'o.. 24 Cimiiiien e St., 1‘awtuckel, 

R.l. 

Ilolr>~ICroinc Screw Corp., 25 Brook St,, [Iarlfi»rd 10, Ct. 

Liiininati'd Shim t o., Iiie., Union SI., Gh'iibrook, Cl. 

Liiinsnii A SeesionB (^o., 1971 W. 85tli St., Cleveland 2, 

0. 

Mound Tool t'o., 1203 S. 7tli SI., St. liuuie 4, Mo. 

Niitioiiul lioe.k I'o., 7th St. A 18th ,\vb., Ronkford, III. 

Oliiii Nut A Bolt Co., lilK) l'’roiit ,St.. Bereii, 1). 

Uliver Iron A Steel Corp., S. lOtli A Muriel Sts., PiUb- 
burgh 3, Pa. 

Will. 11. nitimnllerC'o., Pattinon St. A M.AIV B.U.,Vijrk, 
Pa. 

Piiiiii* (^ 1 ., 29.51 I'lirroll Avi-., (Miicago 12, 111. 

Piirki^-Kiiluii ( oirii., 200 ^ ariek St., N.^ 14 

Pi'iiii Kiigrg. A Mfg. Corp., 305 Main St., DoyleHlown, 

Phooll Mfg. Co., 6700 KoobcvcU Rd., Chicago 50, III. 

I’reHtole (oirp., i34.5 Miami .St., 'riiledo, G. 

Republic Steel Corp., Republic Bldg., Cleveland 1, O. 

Rockford Screw PrixliictB Go., 2501-9tli St., Rockford. 111. 

liuBsell, Burdsall A Ward Bolt A Nut Co., Port ChcBler, 
N.Y. 

Job. 'i'. liyiTHDii A Sun, Inc., llltli A Rorkwidl St., Chi¬ 
cago, III. 

St. Iiouin Screw A Boll Co., 0900 N. Broadway, Bt. Louie 
15, Mo. 

Scnvill Mfg. (Jo., Ill Mill St., Watrrbury 20, CL 

Shakeproor, Inc. 2401 N. Keeler .\ve , Chicago 39, III. 

SLundard PreeHCil Steel (h)., Box 824, .Tejikintnwn, Pa. 

Star Expaneiuii Boll Co., 147 Cedar St., N.V.C. li 

Stover liOek Nut A Machinery Corp., Hilton A Holly BIb., 
Easton, Pn. 

Stronghold Screw Products, Inc., 216 W. Hubbard St., 
Chirago 10, Ill. 

J'hompHun-Breiiiert f.'i*., 1(540 W, Hubbard St.. Cliiragu 

22 , 111 . 

rinnerriian PriKluelB, Iiilv. S71M) Brook I'ark lid., Cleve 
land 13, 1). 

TowuiBCnd Co.. 205 River Rd., Ni“w Brighton, Pa. 

Triplex Screw Co., 5317 Grant Ave,, Cleveland 4, O. 


IJiiitfid-Carr FaBlener Corp., 31 Amen St., Cambridge 42, 

'Walworth Co., 60 E. 42nd St., N.Y.C. 17 

J. H. WilliamB A Co.. 400 Vulcan St.. Buffalo 7. N.Y. 


BOl'l'LED BEVERAGE COOLERS 
(A—Self-contained; B—With calls but without con¬ 
densing unit; G—No colls or condensing unit) 

(A,B) Aiiifrican Ilefrigcrution (vOrp., 1025 E. lixcclaior 
Ave., HopkiiiB, Minn. 

(A) Artkraft Mfg. Corp., Kibby St. A D.T.AI. R.R.. 
Lima. (). 

(.A) Bally A Cooler Co., Bally, Pa. 

(A,B) Carrier Corp., 302 S. Geddes St., Syracuse 1, 
N.Y. (p. 2/1) 

(A,B) Crandul-Stone Div., llrcwer-Titchencr Corp., 336 
Court St., Binghamton, N.Y. 

(A) Crosley Div., Avco Corp., Cin’ti. 23, O. 

(A,B) CniBB Refrigerator Co., Inc., 504 W. Main St., Lou¬ 
isville 2, Ky. 

(-A,B,C) Delaware Refrigeration Co., 834 N. tith St., 
Phila. 23, Pa. 

(A.B) Eficu Cabinet fh)., West CheBter, Pu. 

(A,B) Evans Mfg. Corp., 460 S. 10th Ave., Mt. Vernon, 

N. Y. 

(A.B) Federal Refrigerator Mfg. Co.. 550 Elizabeth SI., 
VVaukesha. W'is. 

(B) Fleetwood-Airflow, Inc., 421 N. Penna Ave., Wilkea- 
Bjirrc. Pa. 

(A.B) Fogel Refrigerator Co., 5400 Eadoin St., Philji. 
37, Pa. 

((]) Freezer Box Div., AnnapnlLs Yacht Yard, Box 791, 
AnnapollN Mil. (p. 2i)7) 

(A.B) Ed Friiidrich SalcB Corp., 1117 E. Commerce ,St., 
Sun .Antniiio 3, 7’ix. 

(A,I!) Frlgldalre Div., (fCii’l. Mulurs Corp., Dayton 1, 

O. (p. /;) 
Gay Engrg. C^o., 2730 E. 11th St., Tjdh Angeles 23. ('al. 
Gem Refrigerator (.3)., J (55 W. W'yrnning Ave., IMiila. 40, 

Pa. 

(A) General Elec. Co., Air Conditioning Dept., 5 

Lawrence St., BloomHeld, N.J. (p. 2:i) 

(.A,B) John llcrrcl A Suns Co., 244 Lear SI., ColiiiiibiiH 
(5, 0. 

(B) C. V. Hill A Co., Ine., 3(50 Pennington Ave., Trenton 
1, N.J. 

((') Ice (uHtling Appliani-e I'nrp., MnrriHOii, 111. 

(A,H) Ideal Cooler Corp., 2953 Easton Ave., St. Ijouih (5, 
Mo 

(A) Jewett Refrigerator Co., Inc., 2 Lctchwnrth St., Buf¬ 
falo 13. N.Y. 

lA) kelvlnalor Div., NaHh-kelvInatnr Corp., 142.59 
Plymouth Rd., Detroit, Mich. (p. 21) 

(A,B) Koch butcherB' Supply Co., 600 E. 14th Ave., N. 
KunBAB City 16, Mo. 

(A,B.U) La Crosse Cooler Co., 2809 Losey Blvil.. S., La 
Crosse, Wis. 

(.A,B) Liiigle Rofrigerator Co.. Tne., 1116 E. 15th St., Kaii- 
suB City 0, Mo. 

(A,B) Master-Bill Refrigeration Mfg. Co., 920 Palm St., 
St. Louis 7, Mo. 

MinneiipoliB Show t'iiBe A I'ixture ('o.. New Rii-hmoiiil, 
Wis. 

(.A.B) Morton Show Cases, Iiir., Washingtuii CovirL- 

hiiUBe, (). 

(A,B) John Muwat RefrigeraturH, 18(515 I'nlsiini SI., San 
Frani-iHi-t) 3. l.'al. 

(A,R,Cj Nolin Mfg. Co., Inc., 1100 Madison Ave., Mont¬ 
gomery 2, Ala. 

Nor-T,iikE, Inc., 2nil A Elm Sts., liudBon, Wis. 

(A,D) Perfeculd, Inc., 1940 S. Main St., Lob Angnlea 7. 
Cal. 

(A,B) R. Fcrlick Brass Co., 3110 W. Moinecke Ave.. Mil¬ 
waukee ID, Wis. 

(.4) Portable Elevator Mfg. Co., 920 E. Grove St., 
Bloomington, Ill. 

(A,B) Puffer-Hubbard Mfg. Co., Grand Haven. Mich. 

A) S A 6 Products, Inc., Lima, 0. 

A.B) C. Schmidt Co., John A Livingslon Sta., Cin’li. 14 

O. 

(A.B) Seeger Refrigerator Co., 850 Arcade St., St. Paul 6, 
Minn. 

(A,B) Sherer-Gillett Co., S. Kalamazoo Ave.. Marshall, 
Mich. 

(B) Southern Fixture Mfg. Co., IM). Box 245 Oreens- 
boro, N.U. 

(Continued) 
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REFRItEBATION 



and 



These products, developed hy G. E/s Climate Engineers, have built out¬ 
standing records for low-cost operation, dependability, and performance. 



G-E REFRIGERATION MACHINES 

General Electric Condensing Units and Compressor Units 
are available in a wide range of models and sizes to fit the 
requirements of many different air conditioning and re¬ 
frigeration application'', both commercial and industrial. 
Outstanding G-E advantages include: valve-in-head com¬ 
pression system; close-fitting pistons; wide-opening, tight- 
sealing valves; counter balanced crankshaft; G-E patented 
valve retainer. 



G-E AIR CONDITIONING 

Central Plant Air Conditioners for 
large space applications — 5 basic 
frame sizes with capacity range 
from 1,000 to 12,800 CFM. G-E Per¬ 
sonal Weather Control Systems 
for multi-room buildings, using 
individual room units from % to 
1% tons cooling capacity. G-E 
Packaged Air Conditioners in five 
sizes—2, 3, 5, 7% and 10 hp. 



G-E WATER COOLERS 

Increase employee efficiency, 
improve public relations in 
offices, factories, and retail 
stores. 

- Air-cooled pressure models- 
4,7, lOgpn 

- Waler-cDoled pressure model— 
lOgph 

- Air-cooled bottle model-3 gph 


GENERAL ELECTRIC COMPANY - AIR CONDITIONING DEPARTMENT - BLOOMFIELD, NEW JERSEY 


For lurlhtr infurmolion on 
Iheie producrs, conlact your 
nearest C-E Regional OPfici: 


NEW YORK 22, N. Y., 570 Lexington Avenue 
CHICAGO 54, ILL., 1127 Merchandise Mart 
NEW ORLEANS 12, LA., 511-513 International Trade Mart 
SAN FRANCISCO 6, CAL., 235 Montgomery Street 


You can put your confidence in— 








BOTTLED BEVERAGE COOLERS 
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BOT'I'LED BEVEHA(;E r.DOLERS (Continued) 

(A,H) Slur Mi'tul Mfg. Cu., Trent,nn Ave. ife Ann St... 
Phila. .'U, Pa. 

Suptir-Cold Corp., 1020 E. 5[)tli St., Luh Aiifteles 1 , Cal. 

(B) Tyler Fixture Corp., 1401 Lake St., Nllea, Mich. 

ip. t<2) 

(A,H) United Hefri(terntor (Jo.. lludHoti. Win. 

(A,B) Vietur Produets Cnrii., 1101 PiijH! Ave.. IliLKern- 
town, Md. 

(A,B) Viking IleirigeratorB, Inc., 7.500 Wilson Ave.. Kan¬ 
sas City . 1 , Mo. 

(.4,11,0 Ward RefrigeruLur dc Mfg. C^o., (5501 S. Alameda 
St.. Loh Angeles 1, Cal. 

(A.H) Warren Co., Inc., P.O. Box I42fi. Atlanta 1, Gn. 

(A,B,C) Weber Showcast* & Fixture Co., Inc., P.O. Box 
201 R, Los Angeles M, Cal. 

(A,B) Wilson Cabinet Co., Inc., Smyrna, Del. 


BRACKETS, SHELF (See IIARDWAHE SPECIAL¬ 
TIES) 

BRASS (See particular mill form, i.e., BAR, SHEET, 
etc.) 


BRAZING 

Acklln StampinU Cii., 1929 Nebraska Ave., Toledo 7, 

o. [p. ns) 

Chase Ilrass it Cupper ('o., 23li Cirand St.. Waterluiry 
20, Ct. 

Fitzsimons Mfg. Co., 3775 E. Outer Dr., Detroit 12, 
Mioh. 

I'rankliu Butly it E(|uipnieiit Curp., 1042 Dean St.. 
Ilrouklyn Ui, N.\'. 

Ileiiitz Mfg. ('ll., Fi'iiiil St. A' Olnry Ave., TMiiladi^lphia 
20, Pa. 

lIuHNniaiiii Refrlaerator Co., 24111 N. I.eflinilwell, 
Sr. Louis 6, Mu. i/I (S'.*)) 

Oueeii City Steel Treating (Jo,, 2!1RU Spring (}rovc Ave., 
Cin'ti. 26, 0. (Elec. Furnace) 

United Wire A Supply (.’iirp., 14117 I'JIihwdimI .Ave.. 
J’riiviileiii’e, 7 R.I. 


BRAZINi; RODS (See WELDING ELECTRODES, 
RODS & WIRE) 


BREAD COOLERS, BAKERY 

Evans Mfg. Co., 4(jU S. lOlh .Ave., Mt. Veriinn, N.V. 
Freezer Box Olv., Annapolis Yacht Yard, Box 791, 
Annapolis, Md. (/i. Ht)?) 

(lay Engrg. Co., 2730 E. lltli St., Los Angeles 23, Cal. 
Fr^ D. Ffeiiing (.'□., 1076 W. 6 th Ave., Columbus 8 . □. 
liBail Machinery Div., Standard Stoker Co.. York. Pa. 
C. Schmidt Co., John & Livingstun Sts.. Cin'ti. 14, 0. 
Teiiiwy Engrg., Ine., 20 Ave. II., Newark 6 , N.J. 

Union Steel Products Co., 448 Pine Si., Albion, 
Mich. {p. nH) 

Ward Kofrigeratur & Mfg. Cu., 0601 S. Alameda SI.,TjOb 
A ngeles I, Cai. 


BREAKER S'l'RlPS 

.Ainhor PiaslieH Cri., liir., 633 rHl ('aiiiil Si ., New 4‘urk 
13, N Y. 

BrascD Mfg. Co., Harvev, 111. 

('untinenial Diamond Fibre Co., 3 Clmpel St., Newark, 
Del 

Ciosbcn Rubber A Mfg. Co., Box 617, Goshen, Ind. 

Micnrta Fabricators, liic., 5324 N. llaveiiBwuod Ave , 
Chicago 40, Ill. 

Panelyte Div., St. Regis Paper Co., 230 Park Ave., 
N.Y.C. 17 

Presstite Engrg. Co., 3D00 Chouteau Ave., St. Louis 10 , 
Md. 

Rigidized Metals Corp., 058 Ohio St., BufTalo 3, N.Y. 

Sandeo Mfg. ('o.. 6050 W. Foster Ave., Chicago 30, 111. 

Stokes Molded Products, Inc., Taylor at Webster St., 
Trenton 4, N.J. (Hard Rubber) 

Swan Rubber Co., MansReld A Iron Avdb., Bucyrus, O. 

Amos Thompson Corp., Edinburg, Ind. 

Tylae Co., Grcslcy A High St., Monticcllo, III. 


BRINE COOLERS, DOUBLE TUBE 

Richard M. Armstrong Co., Box IBS, W. Chester, Pfi. 

Carrier Corp., 302 S. Geddes St., Syracuse 1, N.Y. 

ip. 2/i), 

Doyle & Roth Mfjt. Co., E'out 23rd St., Brooklyn 32) 
N.Y. (p. SI 

Frick Go., Waynesboro, Pa. ip. SI) 

Gay Engrg. Co., 2730 E. 11 th St., Los Angeles 23, Cal. 
National llefrigeriitnrs Co., 827 Kuelii Ave_, St. UiuiIh 1 I, 
Mo. 

Nfiritftr Corp., 142f) S. 2nd St.. St. T.nnis 4, Mo. 
Patterson-Kelley Co., Int., £. Stroudsburfi, Pa. 

(p. SS) 

Keeo PriMlucts Div., Rnfrigeruiiou Engrg Corp., 202(1 
Nuudain St., Phila. 4G, Pa. 

Hempe Co., 340 N. Sacrameiitn BlvrU, Chicago 12, ill. 
Stewart Ice Machine Co., 1282 W. Ist St., Pomona, Cal. 

Vllter Mfft. Co., 2224 S. Ist St.. Milwaukee 7, Wls. 

ip. 

Wliitloek .Mfg. Cu., 81 Siiutli St. Hartford 10, (’I. 
Wittenmeior Macliiiiery (Jo., 850 N. Spaulding Ave., Chi¬ 
cago 51, Ill. (CO,) 

Wnrthlnftton Pump & Machinery Corp., Harrison, 
N.J. ( 71 . I4 i) 

XL Refrigerating (Jii., 1834 W. 50tli St., Chieagii 3li. Ill 
York Corp., York, Pa. (jj. 


BRINE COOLERS, SHELL & COIL 


Acme Industries, liic.. Mechanic Bt Ganson Sts., 
Jackson, Mich, [p. i'll) 

lliidiiird M. .Armstrong Co., Uox 1K8, W. (Jhester, Pa. 
Carrier Corp., 302 S. Geddes Si., Syracuse 1, TM.Y. 

(p. i^r>) 

Doyle & Roth Mf|^. Co., Kimt 23rd St., Brooklyn 23, 

N.Y. [p. sn 

Flltrine MfU. Co., 53 Lcxlnftton Ave., Brooklyn 5, 
N.Y. (p. mn 

E'rlck Co., Waynesboro, Pa. ( 7 ). SI) 

U«ay Engrg. Co., 273U E. lILh St., Los Angeles 23, (.Jal, 
Kolilenberiter Eni;tr|jt. Corp., 1600 W. Common¬ 
wealth, Fullcton, Cal. (p Sl>) 

L. O. Kovtii A Pro., Inn., 164 Ogrlen .Ave., Jersey City 7, 
N.J 


McDuay, Inc., 1600 Broadway, N.K., Minneapolis 1.3, 
Minn. ip. 11 III) 

National Ridrigi'ralorfl Co., 827 Koelii Aye., St. Louis 11, 
Mu. 

Nootcr (Jorp., 142G S. 2iid St., St. Louis 4, Mo. 

Patterson-Kelley Co., Inc., E. Stroudsburg, Pa. 

(p as) 

Rcco Products Div., Refrigi.'ratltjn Engrg. Corp., 2021 ) 
Naudain St., Phila. 4G, Pa. 

RefrlgeratlDii Economics Co., Inc., 1231 E. J'uscara- 
was St., Canton 4, D. (p. 111?) 

Rempc Co., 340 N. Sscramento Blvd., Chicago 12 , III. 

Hobs Haater A Mfg. Co., Div. of American Radiator A 
Standard Sanitary Corp., BiilTali) 13, N.Y. 

Stewart Ice Machine Co., 1282 W. Ist St., Pomona, Cul. 

Temprlte Pritducts Corp., K. Maple Hd., Birming¬ 
ham, Mich. (p. SH) 

Trane Co., La Crosse, Wis. (p. llS) 

Vllter Mfg. Co., 2224 S. Ist St., Milwaukee 7, WU. 

(p. SS) 

Whitlock Mfg. ('d., B1 South Sl,_, llartfonl 10, Cl . 

Wiltenmeicr Machinery Co., 850 N. Spaulding Ave., Chi¬ 
cago 61, 111. (COi) 

Worthington Pump & Machinery Corp., Harrison, 
N.J. . (P- JU) 

XL Refrigerating Co., 1834 W. 50th St., Chicago 36, Ill 

York Corp., York, Pa. (p. /7i0 


BRINE COOLERS, SHELL & TUBE 

Acme Industries, Inc., Mechanic & Ganson Sts., 
Jackson, Mich. (p. iBJ 1) 

American District Steam Co., Bryant St., N. Tonawanda, 
N.Y. 

Richard M. Armstrong ('o., Box 188, W. Chester, Pa. 

Baker Refrigeration Corp., S. Windham, Me. 

(p. m 

Bell & Gossett Co., 8200 Austin Ave., Morton Grove, 

111. (p. £i>P] 

Carrier Corp., 302 S. Geddes St., Syracuse I, N.Y. 

(p. ^0) 


f ConlinuFd ) 


BRINE CIRCULATORS (See AGITATORS) 
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DOYLE & ROTH MFC. CO. 


Fool of 23rd Slreel 



BROOKLYN 32 , N.Y. 


' SHELL a TUBE 

HEAT TRANSFER EQUIPMENT 


_it.. 


FLOODED WATER COOLER 

Freon & Ammonia Condensers 
Direct Expansion Water & Brine Coolers 
Flooded Water & Brine Coolers 
Chemical Process Coolers 

SPECIAL COOLERS & CONDENSERS 

D & R specializes in coolers & condensers 
for applications not encountered ordinarily 
in everyday refrigerating practice. 


Write today for complete information on D. A R. producfs and services. 
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iiKiNi': i:i)nLKKS, siirll & runK (Ciinrinui^j) 

l^eamery Package Mfg. 1234 W. Washlngtim 

Hlvd., Chicagn 7, III. (jj. m 

Diivifl Eiikfik. Oorp., 10(i4 10. Gruiirl St., TOliziibplii 4, N..I. 
Doyle & Koth Mfg. [On., Foot 23rJ St., Hrooklyn 32, 
N.Y. (p. S!) 

Flltrine Mfg. (On., S3 Fexingtun Ave., Brooklyn S, 
N.V. (p-.W) 

Frick tOo., Waynesboro, Pa. (p. .T/) 

Gay lOiiKCg Co., 2731) 10. 11th fit., Lob AiiKcleu 2.3, Cal. 
Knhleriberger Krigrg. lOorp., IbUl) W. Commoii- 
weallh, Fullerton, (Oal. [p. 

N.'itioiiiil lii-friiirTiitorH Co., H27 Kurin Avi\, St. Ijiiiiis II. 
Mil. 

Niiofcur Curp., 14211 S. 2nci .St., .St. r.ouis 4. Alo. 

Patterson-Kelley Go., Inc., E. Stroudsburg, Pa. 

(p. .'7.S') 

Hero Proilui^tH Div., RefriKeratioii lOiiKr^;. Corp., 2020 
Naudaiii St., Phila. 4(1, Pa. 

Refrigeration LconomlcN COo., Inc., 1231 E. Tuscara¬ 
was St., Canton 4, O. (p. tl*7) 

UeyrioldB Mf^. Co.. Inr.. .Spriipiiu Id, Mo. 

Rinhinoiid lOnKrj;. C'o., Iiu:., 7Lh & Hoepital Ste., lliidi- 
nmiid 1!), Va, 

lloHH jlraliT iV: Mfc- ('n., ])iv. nf Ain'ii. Radiator it 
Staiulard Sanilary ('nrp., UiiHalii 13, N.^■. 
iStewurl lee Mncliiiii' Cu., 12M2 VV. IhL St., Pomona, t-al. 
'Friini* Go., La Gnis.se VVis. (p US] 

Vllter Mfg. Go., 2224 S. Ist St., Milwaukee 7, Wls. 

(p. m 

Henry VdkI Mui'liine ('o,, lOtli OrniHliy St,, TiOuisville 
10, Ky. 

Wliilloi’k Mfiur. I 'n.. 81 Smilh St., llartfnrd 10, (?t. 
Wittoiiini'ier Maidiiuory Co., 850 N. Spaulding .Avc., Chi- 
mgQ .51, 111. (CO ) 

Worthington Pump & Machinery Corp., Harrison, 
N.J. , . (p. lU) 

.VL Itrfrif^iTatiiiK Co., 18.34 W. 51)Lli St., ChicaKo 3(1, 111. 
York Gorp., York, Pa. (p. it.') 

URINE SPRAY UNITS (See UNIT COOLERS) 


BRINE I ANkS (See TANKS) 


BRINE 3 REATMEN I (See WA’I'ER I REA'I'ING) 


BRONZE (Sec particular mill lurm, i.e., BAR, 
SHEET, etc.) 


BRONZE, BEARING STOCK (See BEARING MATE¬ 
RIALS) 


BRONZE PARTS (See particular part, also mill 
forms) 


BRUSHES, MO'I'OK Ai GENICKATOR 

Graphite Mi'tallizinK C-iirp., 1050 Nfpprrlian .Ave., Yon- 
. kera 3, N.Y. 

Keyatoiie Carbon Co., Inc., 1!I35 .State St., .St. Marys, Pa. 
National Curbon Co., liic , Unit of Ibiioii Carbide Car¬ 
bon Corp., 30 L. 42iid St., N.Y.C, 17 
North Auieni’an I''ibrr PrrnUictH Co.. Sl.andard Bldg.. 
Cleveland 13, K. 

Ohio Carbon Co., 1251)8 Rrrea Rd., Cleveland II. D. 
Pure Carbon Co., Jnc., 4-15 Hall Ave., St. M*iryH. Pa. 
Speer C.-arbon Co., St. Marys, Pa. 

Superior Carbon Products Co., 0115 George Avc., Cleve¬ 
land 5, 0. 

V5'eHlinglui\iHi‘ Kler.’. ('nrp., 445-1 GenesBec .St., Ruffaln 5, 
N.Y. 


BULK ICE MAKERS (See IGE MAKERS, BULK 
TYPE) 


BUMPERS, RUBBER (See RUBBER PRODUG'IS. 
MOL OKU) 

DUS AIR CONDITIONING SYSTEMS 

Kero Iniluslries, lin*.. 2,510 Gilbert .\ve., (/'inriiinati (1, (). 
Sterling Mfg. Co , 2523 Farnam St., Omaha, Neb. 

York Corp., A nik, I’o. 
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BUSHINGS (See particular type; bIno BEARING'S, 
SLEEVE; alNU FITTINGS, PIPE) 


BUSHINGS, PIPE (See FITTINGS) 


BUSHINGS, RUBBER OR RUBBER BONDED 
(See RUBBER PRODUGIS, MECHANICAL 
BONDED) 


BUTANE 

Carbide it Carbon Chemicals Corp., Unit of Union t.’ar- 
bidc &. Carbon Corp. 30 E. 42nd St., N.Y.C. 17 
Standard Oil td (.'aliforiiia, 22.5 RumIi .SI., Son rr[iii(-iHi:n 
20, Cal. 


CABINETS (Sec llstlngH fnllowlng, also particular 
type) 


i:ABINE rS, FOR AIR GONDI I lONERS 

Berger Mfg. Div.. Bepublic Stool Corp., 1038 Bidden Ave.. 
N.K., Canton, O. 

Bettingor Knainol Corp., Metal Fabrieiitiog Div., W'al- 
tliarii. Mass. 

Dablstrom Metallic Door Co.. 435 iRilTalo St., .laiiies- 
town, N.Y 

Erie Art Metal Co., 1GD2 E. 18 St.. Erie, Pa. 

Falstrum Co., 1.3 Falatrom Court, PaHsiiic, N.J, 

Huintz Mfg. [Jo., Front .St. it Olnoy Ave., Phila. 20 I’m. 

Hugo Mfg. Co., 4!) Ave.. W., it .Superior .St., Diilullt 7, 
Minn. 

Moyateel Proiloetn, liii'., 740 N. Plankiinon .\ve,, Mil- 
wauki'e 3, Win. 

Pai'e Co., 11 li N W. ('oiieli, Porlland, l)ri“. 

Edw. Heniieburg it .Sons (Jo., 2G3‘J Ronton St., RalLiinore 
24. Md. 

Republic Steel Corp., Republic Bldg., Cluvcland 1, 0. 

Aiiioh' rhoinpHoii Corp., I'Jdioburg, Inil. 

CABINEl'S, FOR HOUSEHOLD REFRI(;ERA'IX)KS 

Aiiiuricxi.n Central Mfg. (Jorp., Div. of Avco Corp., 
18th it Cidumbia Sta., ConncrHville, Inil. 

BetlingLT Knaiiiel Corp., Mi*(al Fnhrieating Div., Wal- 
thani, Mmbb. 

Evans Mfg. (Jorp., 400 S. lOth Ave., Mt. Vernon, N.V. 

Freezer Box Div., AnnapoliN Yacht Yard, Box 711, 
AiinapollK Md. (/). 2d7) 

Hugo Mfg. Co., 41) Ave., W., it Superior St., Duluth 7, 
Minn. 

Rex Mfg. Co., Inc., Western Ave., ConnLTHville, Ind. 

Sanitary Refrigerator Co., Fond du Lae, Wis. 

Soeger Refrigerztor Co..’850 Anaide St., St. Raul 15, Minn. 

Stoddard Mfg. Co., 017-4th St., S.W., Mason City, la. 

Wilson Refrigeration, Iiii-.., S. Main St., .Sniyriui, Del, 

CABINETS, FREEZING (See HOME & FARM 
FREEZERS) 

CABINET TOPS & LIDS 

American Hard Rubljer Co., 11 Mercer St., N.Y.C. 13 

Bastinn-Rlessing Co., 4201 W. PetcTson Ave., Chicago 41) 
Ill. 

Bettinger Enamel Corp., Melal Fabricating Div., Wal¬ 
tham, Muss. 

Dean Products, Inc., 1042 Dean St., Brooklyn lb, 
N.Y. {p.ir,2] 

Drydcn Rubber Co., 1014 S. Kildare Ave., Chicago 24 
III. 

Formica Co., 4G13 Spring Grove .\ve., Cincinnati 32, (J 

Franklin Body it Equipment ('orp., 1042 D«*an Si.. 
Brooklyn IG, N.V. 

B. F. Goodrich Co., 500 S. Main St., Akron, 0. 

Jordon Kefrigeratur Cu., 58tli St, it tirayH ,Ave.. Rhihi 
delphia 43, Ra. 

Luzerne Rubber Co., I'rcnton 9, N.J. 

Pauclyte Div., St. Regis Paper Co., 230 Park Ave. 
N.Y.C. 17 

Stokes Molded Products, Inc., Taylor at Webster St. 
Trenton 4, N.J. 

Tlicrmacote Co., 1005 SunUi Fe St., Los .AngidcH 21, ('al 


CABLE, ELECTRIC (See WIRE, ELECTRIC) 
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Whatever 


Your Needs in Refrigeration— 


You Can DEPEND on 



YILTER 



VERTICAL COMPRESSORS 

Animiinia units in sizes from 4 to 
100 tuns each. Modern deBi^n 
freon units with rolarv shaft nealn, 
frotn % h.p. to h.p. Horizontal 
compressors from SO tons upward, 
for eleciric or steam drive. 


VMC COMPRESSORS 

Intent ivpe multi'CylinJer ertm- 

f <ri.'MHors, with 4, fi, or H I'ylindem, 
or freon nr ammonia. Coinplclelv 
balanced, VMC’s m|uire no ex' 
pensive foundation. All Vilier 
units are built eiiliiL’fy by Viher. 


BOOSTER COMPRESSORS 

Champions t>f economy for low 
teittperatiin* refriKeralion. Sizes 
ranue from fvO to f>00 cubic feel per 
minule iii vertical units. Larifer 
capacities in iwivsta^e horiziinlals. 
Complelely Vilier-hiiili an usual. 



THE 

VILTER 

PAKICER 





! 


m 




SHELL 
AND TUBE 
CONDENSERS 



Make your own Crystalform Paklcc and nave money. 
Vertical Paklce units make from 1 to ft lone of ice in 
Z4 hours. Horizontal units, 10 to fO Ions. 


Any size from one inn upward, in horizontal or ver- 
tieal design, for ammonia or freon. Vilter condensers 
■land up lonijer because lliey’re built far better. 


SHh YOUn Vilter representative fur mure information about these Vilter products, 
or Vilter Air Cnndilioners, fjuick Freezing Systems, Pipe Coils and Hefriucmlion 
Pipin|>, nr Valves and FirtinKS. Yuu’rc ahead with refrigeration by Vilter. 


WRITE FOR 
CATALOGS 

... on any of 
these Vilter 
products. 
Loni^er life 
and less 
trouble save 
you money 
with Vilter. 


// 




REFRIGERATION and AIR CONDITIONING 


THE VILTER MANUFACTURING COMPANY 

MILWAUKEE 7, WISCONSIN 

Ammonia and Freon Compresiori ■ Pak ken ■ EvaporaHvB and Shell and Tube 
CondBniDri ■ Pips Coils ■ Valves and Fittings 
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CALCIUM CHLORIDE 


linruila A: T*!iKC, Inn., riiiinullc A Mir.liiKnn Ayfrii., KiiiiHaB 
City 1, Mo. 

Henry Jlower CliBmiciil Mfn- Co., finiy’s Ferry lid. it 
2[)th St., Phila. 4lj, Pa. 

Columbia Cliemical Div., PiLtsburj^h Plato filasH Co., 5tb 
Avc. at Bolleiicld, rittii)burii;h IH, Pa. 

Dow Chcmiiial Co., Midlaiid, Mieh. 

E. 1. du Pont do NomourH it Cn., Inc.. Wilminuton 03, 
DbI. 


Michigun Alkali Div., Wyniulntte Cbeminals Corp., Wy- 
aridotto, Mich. 

Pennayivania Salt Mfg. Cu., ILUO Widen or lIldR., Phila. 
7. Pa. 

Pittfiburgh Plate ClaaH Co., 0.'12 Dutiuesne Way, Pitts¬ 
burgh 22, Pa. 

Solvay Salea Div., Allied Chemical it Dye Curp., 40 Rec¬ 
tor St., N.Y.C. 0 

Tamms InrlustrioB, 228 N. T/u Salle Si., Chicago 1, 111. 


CALCIUM SULFATE, ANHYDROUS (See DEHY- 
DRAN'l’S) 


fiAN FILLERS (See ICE MANUFAiri URINC AC¬ 
CESSORIES] 


CANDY CASES, REFRICERATED 

Dean PriidiicM.H, Inc., 1042 Dean Si., Brooklyn Hi, N.V. 
l']vHiiB Mfg. Ciirf)., 400 S. lOLh Avc., Mt, Vernon, N.Y . 
Ccneral Elec. Co., Air Cutidltinnlnit Dept., 5 Law¬ 
rence St., Illniimfield, N.J. (p. 

Harder Refrigerator Cnrp., Tyler Fixture (inrp. 

Coldesklll, N.\. l/i. .SMB 

t’. F. Mnores Cn., Ine,, 1133 Ivy Hill lid., Wyndinnnr, 
i’hila. 18, Pa. 


CANS, ICE (See ICE tiANS) 

CANVAS & DUt:K A SPECIALTIES 

Canvas Produds Co., 12311 S. 7tli 81., St. T..nui.^ 4, Mo. 
l''lexiblt' 'ruliiiig I'orp., Ni*w VV liillicld .SI,., (iuilford, I t. 
Lehon Co.. 442f5 S. Oakley Ave.. Chicago !l, Ill. 

V. 8. Ilubbcr Vu., 1230 Avc. of the AniLMicas, N.Y'.C. 20 
Wagner Awning it Mfg. Co., 20.')8 Scranton lid., (Cleve¬ 
land 1,0. 

Webb Mfg. Co,, 4th & (Cambria Sts., Plida. 33, 1 a. 


CAPACITORS, ELECTRICAL 

Aerovox Corn., New Bedford, Mass. 

(Curiiell-Dubillier Flcr. (.'orp., 8. Plaiiiliidd. N.,!. 

FaiiHl.i'cl MeUillurgiial f'nrn., Niirl.li (Miirugu, 111. 
Ccnernl Elec. Co., 1 River Kd., Schenectady 5. N.Y. 

P. R. Mallory 4: Co.. Ine.. 3020 E. Washington St. 
Indpls., liid. 

Seuvill Mfg. Co., OH Mill St., Walerbiiry Ml, Ct. 

SpragiiD Proilucts Co., Marslisll St., N. Adams, Mass. 

3 Libi) Ifeutscliinan Corp., U2l Proviileiice Pike. Norwood, 
Mush. 

WestirighouMe Elec. Corp., E. Pittsburgh, Pa. 


CAPS, WELDINC (Sec FITTINCS, WELDINC) 


CARBON DIOXIDE (Sec uUo DRY ICE) 

Air Rcdiiclion Sales Co., 00 E. 42iid St., N.Y.C. 17 
Idiiiiid (Carbonic (Corp., 3100 S. Kcilxic Ave., (Chicago 23, 

lU. 

Miilliieson Clieinical Corp., Mulhieson Bldg., Baltimore 
3, Md. 

Pure Carbonic, Inc., 00 E, 42nd St., New \ ork, 17, N.Y . 

CARBON PRODUfCTS (See bUd GRAPHITE PROD¬ 
UCTS; bIho BRUSHES) 

Ohio Carbon Co., 12508 Berea Rd,, Cleveland 11, O. 
Pure (Carbon C[»., Ine., 445 Hall Ave.. St. Marys, Pa- 
Speer Carbon Co., St. Marys, Pa. 

CARBONA'FORS A CARBONATING EOUIPMENT 

Bastian-Blcssing Co., 4201 W. Peterson Ave., Chicagn -lO, 

Ill. 

Economy Faucet Co., 12 New Y ork Ave., New'ark, N.J. 


lleat-X-Chaii|ier Cn., Inc., Brewster, N.Y. [p. 130) 

lliidHon IiiduBi rii'fi, Ine., 4400 St. .Aidiin .Ave., Del roil 
7, Mir-h. 

Lii]uui^ UurVionii; (Corp., 3100 S. Kezdie Avc., Cliieagn 23, 

Mojoruiier Uros. Co.. 41101 W. Uliin 8t., (Chicago, Ill. 

Perliik MrusB (Co., 3110 W. Meineeke .Ave., Milw.iukee 
45, Wis. 

Scii.'iitifie Heocareh Co,, KllS N. Vaneiuiver, Portland 12, 
Ore. 

Spacarb. Inc.. 3ll E. 23rd 8t., N.YM^. 10 

Stanley Kniglit ('iirp., 3430 N. PidaHki lid., (Cliii-ago 41, 
111 . 

'I'emprite Proilurts Cnrp., I'C. Maple Rd., BirniiiiH- 
hani, Mleli. (/j S’H) 

H'liiiflter BruH.M Co., 1415 E. Rowinan SL, Wooster. O' 


CARTS, MATERIAL HANDLING (See I'RUCKS) 


CASTINGS, ALUMINUM 

Aluminum Co. of .Amerieu, Pittsburgh 1.0, Pa. 

Aluminum Industries, Ine., 2438 Beekinan 8t., Ciii’ti. 25, 

O. 

B:teti:iii-Rles.siiig l'ri.,420i W. Pi'Ii'i-hdii A viv . f'liicagu 4 II, 

III. 

Belinunt Smelting 4 Refining Wks., Inc.. 330 Belmont 
Ave., Brooklyn 7, N.Y'. 

Bohn Aluminum 4 Brass Cnrp., E. .Maumee, Adrian, 
Mich. 

Ei:lipse-Pioiiee.r Div., Benrlix Aviation (’orp., 'I'eterboro, 
N.J. 

llear-X-IChanUer Cn., Hrewsler, N.V, (p. /3o) 

■lames II. Mattliews 4 I'm., 3048 I'nibeH Si., Piltsbiirgh 
13, Pa. 

Newman Bros.. Inc., lilill Y\ . 4lh SI ., ('inI'iioiali 3, I). 
Paxtoii-Mitcliell ( on. 2014 Martha St., ()iii;ilia 5, Neli. 
Permnlrl (Co., \V. l.ibcrty 81., Meiliii.a, 0. 
llniversiil Foundry (Co., 80 Pine St., Oslikosli, Wis. 

I Wooster Brass (’o., 14 15 E. Bowman St., WooHler, It 


CASTINt.’S, BRASS. BRONZE, eic. 

.Aluminum Industries, Ini.., 2438 Beekinan 81., Cin’t.i. 25, 

0 . 

Pieariuiii Metals (Corp., 208 State 8t., Rochester, N.Y'. 

I Belinuiit Smelling 4 Ileliiiiiig Wk.s., Inc., 330 Belrnnni 
Ave., Brooklyn 7, -N.Y'. 

Betlilehein Steel (Co., Bethlehem, Pa. 

Bohn Aluminum 4 Brass Corp., E. Maumee, Adrian. 
Mich. 

Bunting Brass 4 Bronze Co., 715 Snencer St., Toledo 0, 
0. 

C'liasi* Brass 4 (^Copper (Cn., 230 Craiiil SI., Waterbnrv 
20, Ct. 

Eclipse-Pinnccr Div., Bciulix Aviation (Corp., 'rirterboni 
N.J. 

.Arthur Harris 4 Co.. 210 N. Aberdeen St., fCliiiyigo 7, Ill 
Hays Mfg. Cl)., l2tli 4 Liberty Sts., Erie, Pa. 
IlillH-MciCaniia (Co., 3020 N. Western Avc., (Chicago 18 

iH- 

Hooven, Dwens, llentschler Div., Ccncrfil Machinery 
Cnrp., 545 N. 3rd St., Hamilton, 0. 

1‘. ll. Mallory 4 Co.. Inc., 302!) IC. WushiiigLnn St., 
indpls., Ind. 

Maiiislce Iron Wks. (Co., River St., Manistee, Mich. 
James 11. Matthews 4 Co., 3M48 Forbes St., Pittsburgh 
13. Pa. 

Mueller Brass Co., Port Huron, Mich. 

Nnlional Lead Co., Ill Brnadw'ay, N.Y'.C. 0 
Newman Bros., Inc., 000 W. 4th St., Cin'ti. 3, 0. 

Niles Tool Wks. Div., Ceneral Machinery Corp., 545 N 
3rd St., Hamilton, 0. 

Paxi.on-Milcliell Co., 2()14 Martha St., (.tmaha 5, Nch. 
Snivill Mfg. Co., 01 Mill St.. Waterhury 20, Ct. 
UnivpTHal Foundry Co., 80 Pine St., Dshkosh, Wis. 
Wooster llrass (Co., 1415 E. Bowinan St., Wooster, O. 
York Gnrp., York, Pa. []o 0.3) 

J. A. Zum Mfg. Co., Erie, l^a 


CASTINGS, DIE 

.AC Spark Plug Div., Cien’l. Motors Corp., Flint 2, Miclu 
Aluminum IndustrieB. Ine., 2438 Beckman St., Cin’ti. 25, 
O. 

Belmont Smelling 4 Refining YVks., Inc., 330 Belmont 
Avc., Brookbm 7, N.Y'. 

( Contitiiirtl) 
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"EXTRA DRY ESOTOO" 

(B.P.+14“F.) 

"Kxlrji Drv" ih llu* refrigeration graiie 
SO. Ihiil Her\ ii-»« unrf niainleiuuiee en¬ 
gineers have enilijised for more than 120 
yeara. (’ames in all pnpLiliir ryliniler 
sizes. 

"V-IHETH-r’ (B.p.-io.7°F.) 

Virginia Methyl (’hlf)riiie ia made ape- 
cilivVilly fur refrigeratiiin uHt*. liOW innia- 
ti^re rnnteni. law aridity and narraw 
balling range reeaminend “V-Meth-L” 
for the mnsi exueling ref|iJireinenla. 

"FREON” REFRIGERANTS 

‘FKEON-ll” '‘rHI';()N-12” 

I'uiiil” “htfilmj' I'lunI" 

74 7 K. lit i; !■'. 

“KRI*:()N-22” “KHMON IKl” 

“Ihiiliiif' I'fiinl” "Itiiilin^ I'aiiil” 

4 I 1 !■. 1 I'/ i; I . 

“FRKON-IH” 

“Hoilmi.; I'nml” 

:iH ir !■'. 

Virginia Smell ing Oanipany ia dial ribii- 
tar far ICinetir’s “hVeoir' llefrigeraiilH. 


PRESSTITE PRODUCTS 

PERMAGUM. The perfeel sealing ram- 

pnnnd far eases, inapeelian plates, pipe open¬ 
ings. Ailheres ta any dry aurfaee; udarless; 
slays plastie 0 F. to [150'^F. Brawn l*ermagum 
L'amea in 2^-j lb. and 45 lb. slugs; gray- 
white Perniagiim in HO ft. rolls af d/I6" card. 

INSULATION TAPE • Stap.s dripping 

pipes, valves and fittings permanently. Oon- 
venient package contains dO ft. af 2" wide 
rolls ’s" thick. Contains 40 percent virgin 
cork; adheres to any surface; joints are 
self-sealing. 

ENAMELITE. Asphaltic mastic which 

doesn't have la be heated. Sticks to any dry 
surface; makes an excellent vapor .seal. Flf- 


fertive on corkboard, Slyrnfoam, Cehilex, 
Fjberglas. Knables you to i|iiii'kly recondition 
cabinets, cold rooms, ducts. Excellent far 
small repair jobs. 

VIRGINIA SMELTING 

COMPANY 

WEST NORFOLK, VIRGINIA 

PHILADELPHIA - NEW YORK > BOSTON 
CHICAGO ■ DETROIT - ATLANTA 



What every 
refrigeration 
man should 
know about 
"VIRGINIA” 
products ^ 1 


mi 


"VIRGINIA’S” 
NEWEST PRODUCT 
CAN-O-GAS 

H andv, throw-away, no-dcposit 
can the perfect way to charge 
hermetic sy.slems, water or bev¬ 
erage coolers, venilors. Available 
lllletl with “IVeon-Ti” (15 o/.) or 
“Freon-111” (Hi oz.i. 
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CASTINGS (Continued) 

OiicuED Die Ciiniiiig Mfic. Co., 2S0n W, Monroe St., 
fniir-uKO 12, ill. 

Chicago Expariflion Bolt Co., 1338 W. Concord Place, Chi¬ 
cago 22, 111. 

DiichlEr-.rarviH fyorp., .3S(i-4tli Avc., N.Y.C. 10 

EclipHc-Piuiicer Div., Beiidix Aviutiun (Jorp., Tctcrlioro, 
N.,). 

Electric Auto-Litir C'n., ToHtniiiH'nL A Caiigi' Div. 
rMiaiti|jluiri iSt., 'J'nli-cio 1, O. 

Frick Cii., WaviicHboro, Pa. iv- r»l) 

Grand liiiuidB IlraBH Co., GO Scribner Ave., N.W., (^raiid 
Ropiua 1, Mich. 

Natiiiniil Ijotik (‘o.. 7th St. A IHth Ave., liuckford, 111. 

(p. 121 ) 

Sterling Die Casting (hi., Inc., 743-3[lth St., Brooklyn 
32, N.V. 

Titan Metal Mfg. Cf)., Bidlefonte, Pa. 

York (hirp., York, Pa. (p. 62 ) 


CASTINGS. LEAD 

Belmont Smelting tk Iliifiniiig Wks., .330 BelfiioiiL Ave., 
Brooklyn 7, N.Y. 

(diicago liixpniiHitjii Bolt (lo., 1338 W. Concord Place, (Chi¬ 
cago 22, III. 

Divieion CtNid Co., 83ii Kiii/ie SI., Chii'iigo 22, Ml. 
National Lead Co., Ill Broadway, N.Y.Ch G 


CAS'UNGS, MONEL; NICKEL & NICKEL ALLOY 

I ojoper Alloy Foundry Co., Bloy St. A Itamsey Ave., Hill- 
Nide r», N.,1. 

Di'iviT-llurriH (.hi,, lliirrinnii, N.,T. 

llriyneB Stellite C'o., Ujiil. cd Union Carbide & Carbon 
(hirn., Kukoino, Irul. 

International Nickel (.h)., G7 Wjill St.. N.Y.th 5 
N'i'wiiiiiii UroH., Iin*., Illili \V, 4lh Si,., Cini'.iiinati .3, 1). 
Ohio Stiad I'niindry Co., .biriii'n .SL.. Sjiringtield, (). 
Ho8H-Meh.'i,n FoiindrieB, (3i(iituiiin'.ig.'i, 'ronn. 


CASTINGS, S'l'EEL & IKON 

Alleglii'iiv Ludliini Steel Corp., Oliver Bldg., PittHliurgb 
22, I’ll. 

Babcock A Wilcox Co., 8fi Liberty St., N.Y.(J. G 
Betblebein Steel (.'o., Betbleliein, Pa. 

Boiiney-I'loyd Co., Gil Marion Bd., Cnluriibus, 0. 

( 'ooper-lb'Bnenier Corp., Ml. Vernon. (.). 

Dayton Malleable Iron lUi., P.O. Box [180, Dayton 1, (b 
Beiijainiii IhiBlwoinl (^o., 31K) Straight St., PaterBim, N..L 
l^utoii Mfg. Co., 11771 Fii'neli lid., Detroit 33, Mich. 
Frick Co., Waynesbnru, Pa. (p. 61) 

Haynes Stellite (hi., Unit nl Union Carbide A C arbon 
(hirp., Kokomo, Ind. 

II 00 veil, Owens, TluutHcbler Div., General Maeliiiicry 
L^'orp., ri4ri N. 3ril St., IbLiniltiiii, (). 

.li’.lTrey Mfg. (hi., 887 N. 4tb St., (hilumbiiB 10, O. 
LakeBiile Malleable (histingM (.hi., Racine, Wis. 
liink-lb'lt Co., 220 S. Belmont Ave., Indpls. G. Ind. 

P. H. MiiGirl Foundry A Furnace Wks., 413 IG. Oakland 
Ave., Blooiniiigtoii, III. 

Nutioiuil Malleable A Steel C^untiiigH ('o., lOGOO Quincy 
Avc., (dcvehind G, 0. 

Nilcfl Tool Wks. Div., General Murliinery Chirp.. .’>45 N. 
.3ril St., Huiniltnn, (j. 

Oliio Steel Foundry Co., .lainoH St., Springfield 1, O. 

Pax ton-M itch ell (hi., 21)14 Martini St , Oiiiaba fi. Neb. 
Pyott Foundry A Maeliine Co., 328 N. Sangamon St., C’hi- 
cagLi 7, 111. 

RoBM-Meban IhnindrieB, Cliattiinoogn, Tcnn. 

Saginaw Malleubb) Iron Div., Geii'l. MoliirB Chirp., Sagi¬ 
naw', Mich. 

SlieiiangD-Peiin Mold Chi., Dover, 0. 

Union Mfg. (^o., New Rritaiii, Ct. 

UnivLTBal hhmndrv Co., 8G Pine St., OshkoBh, Wis. 
Vlller Mill. C 11 .. 2223 S. Ut St., Milwaukee 7, WIh. 

(P. !tS) 

York Imrp., York, Pa. (p. 62) 

J. A. Zurn Mfg. Co., Erie, Pa. 


CEMENT. INSULATION (See also INSULATION 
ERECl'ION MATERIALS) 

Alloii Mineral Wool TiiHuliition Co., 2317 Whiteinore 
Plaeu, St. Louie 4, Mo. 


American Bitumula fhi., 200 Bush St., San FranciHco 4, 
Cttl. 

American Hard Rubber Co., 11 Mercer St., N.Y.C. 33 
Cumey Co., Inu., 125 S. 5th St., MinncapoliB 2, Minn. 
C’ork InBuIation Co., Ine., 155 E. 44tb St., N.Y.C'. 17 
Eagle-Picber Sales ('□.. American Bldg., Cin’ti. 1, D. 
IGliret Magneeia Mfg. Co., Valley Forge. Pa. 
Iiiterniitiunal A'ennieulite C’o., Girard, Ill. 
Johns-Manvllle, 22 E. 40th St., N.Y.C. 16 (p. 1116) 

Robt. A. Kcaebey C’o,, 13!) W. IDtli St., N.A'.C. 11 
Owens-C^DrnliiH Flberglas CGorp., 2012 Nicholas 
Bldg., Toledo I, O. (p. 12H) 

Peeora Paint (’o., 3501 N. Fourtb St., Philadelphia 40. 
Pii. 

Philip Chirey Mfg. (hi., Loekland, Ciiirinnati 15, (). 
Refraetiiry A Instulatioii ( 'orii.. 120 VA allSt., N.V.(h 5 
liuberriid Co., 50()-5tli Ave., N.Y.C. 18 
Staiical AHphalt and Bitumuls (hi., 2(M) Bush Si., S:iii 
Fran cisco 4, (hil. 

'raft-JenkiiiB (hi., Inc., 27 Sargeant St., Holyoke, Mass. 
Virginia Smelling Co., W. Norlolk, Va, (p. ,16) 

(irant WilBoii, Ine., 315 S. Sherinan. Chieago 4, Ill. 
Zoimlite Ch».. 135 S. La Salle Si., Chicago 3, Ill. 


CEMENTS, RUBBER, SYNTHETIC, etc. (See AD¬ 
HESIVES; also COMPOUNDS) 


CHAIN, CONVEYOR, DRIVE, ROLLER, etc. 

.Alvey-Fergiisiui Ch)., Disney ik R Sl,s.. Chii’ti. !), 0. 

Baldwin Duckworth Div., ('haiii Belt Co., 3G0 Plainfield 
St., Springfield, Mass. 

C. 0. Bartlett iV Snow Co., (i20l) Ihiivanl .Ave., I 'levelaiid 
5, 0. 

Chain-Bell th)., 1 GOO W. Brui’i- SI., Milwaukci: 4, AVis. 

Chinveyor Cn., 3200 E. Slauson .Ave., Tais Angeles 58, Cal. 

(hirhiii Screw Corp., New Britain, Ch,. 

( ■yclone Fence Div., .Ainuriean Steel A. Win* C'n.. U. S, 
Steel (Jorn. Suhsidiary, P.O. Box 2G0, Waukegan 1, 
111 , 

Diamond C'ii.aiii Co., Ine., 402 Kentucky ,Ave., Iiidpla. 7, 
liid. 

Hurt A Cooley Mfg. Ci^o., 500 E. 8th St.. Ilullaiid, Midi. 

JelTrey Mfg. (h)., HH7 N. 4lh St., ( hilumhus III, f). 

Link-Belt ('o., 220 S. Belinont Ave.. I ndpls. G, Ind. 

Morse Chain Div. of Borg-AAhimer C'orp., Itliuca, 

N.Y. 

PalmiT-Bee Co.. 1701 I’olimil Delroil 12, Mich. 

RumBcy Chain (h>., Inc., !)00 Broadway, Albany 1, N.Y. 

Simonas Gear A Mfg. Co., 2501 Liberty Ave,, Pittsburgli 
22, Pa. 

Transuc A W'illianis Steel Forging C’orp., Alliance, 0. 

United Engine Ih)., W. Holmes Rd., Lansing 12, Mieh. 

Wataon Flagg Maehim: Chi,, iS45 E. 25th St., Paterson 3, 

N.J. 


CHANNELS (See SHAPES, STRUCTURAL) 


CHARGING LINES (See aI.so FLEXIBLE CONNEC¬ 
TIONS; also TUBING, FLEXIBLE) 

.Aeroiiuip (’orp., 300 S. E.aat .Ave., .lackaon, Mieh. 

.Allin Mfg. f’o.. 1153 W. (.iraiid .Avi-., Chicago, Ill. 

American HrusH Co., Waterbury 88, Ct. (p. /AVI) 

(Chicago Metal Hoan Corp., Maywood, Ill. 

Fine ProilurtB Co., 185 N. Wabash Ave., IGhicagu I, 
III. ^ i/j. If/I) 

Flexible Tubing Corp., N. Alain St., Rranford, Ct. 

Henry Valve Co., MclrOBc Park, 111. (p. ^■lS■) 

Imperial Brass Mfg. Co., 537 S. Kaclnc Avc., Chicago 
7. III. (p. frJ7) 

Jarrow Products, 420 N. La Salle St., Chicago, HI. 

(p. S6) 

JiihnsDU Alctal Hose C)d., 22G Mill St,, Waterbury 88. Ct. 

Madden RrasB Produets Co., 1111 N. Franklin St., Chi¬ 
cago 10. HI. 

RnybcBtoB-Manhattan, Inc., G1 Willett St., PasBaie, N.,L 

ReBisLoflex Corn., 39 Planeoen St., Belleville ,9, N.J. 

Beamlex Co., Inc., 4123-24th St.. Long Island City 1, 
N.Y. 

Superior Valve 8 l Fittings Co., 15119 W. Liberty Ave., 
Pittsburgh 26, Pa. fp. tfh') 

Tiiellex, liir... 500 I’relinghiivsi'ii Ave., New'ark 5, N..!. 

Wabash Mfg. Co., 231MI S. A\^^Bte^n Ave., Chicago 8, 111. 

York Corp., York, Pa. (p. 62) 
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Conditioning 
is a 


Year 'round Job! 



Keeping the Seasons in Control ... 



Uei to know more about the complcle line of ('Doling, 
heating, humidifying, ventilating, dehumidifying and air 
cleaning equipment availabh* through usAIHco, a single 
dt^pendable source for Eui^rythinff in Air Conditioning. 

Why not write for your copy of “Practical Pointers on 
Air Conditioning.” 

DirecI Expansion Coils —Wide range of capacities and sizes 
one to eight rows of tubes deep. For cooling with direct 
expansion refrigerants. 

Cooling Tower —Saves 95% of the water normally used in 
water cooled condensers. Four sizes available for use with 
3, 5, 7 V^ and 10 ton refrigeration condensers. Works indoors 
or outdoors. 

ReFrigoraled KoDlor-oirB—Complete central air conditioning 
plant including blowers, coils, compressors, condensers, 
filters, motors and controls. 3 to 40 tons capacity. 

Stars Conditioner —Packaged air conditioning unit with blower, 
coil, filters, condenser and compressor in single compact 
assembly. Cooling capacities; 2, 3, 5, and 10 tons. 
Evaporative Condsnier —Economical means of cooling 
refrigerants. Saves up to 95% in water costs. Fifteen 
sizes in capacities from 3 to 100 tons refrigeration. 


EVAPORATIVE 

CONDENSER 


ufAIRcp 

f LH'ri/f Imni; In Air i lVuIi I lonitni 


UNITED STATES 
AIR CONDITIONING 
CORPORATION 

III! Cbhi ivB. 

Miiiiipilli 14 , Mill. 




STORE 

CONDITIONER 


COOLING 

TOWER 



CHECK VALVES 

3B CLUTCHES Refrigeratiun Classified 


CHECK VALVES. AIR, WATER 

Automatic Temperature Control Co., Tnc., 5212 Pulaski 
Rd., Phila. 44. Pa. 

Catiimssa Valves & Fitlings Co.. CaliiwissH, Pa. 

Chase Rrass dc Copper Co.. 23B Glrand St., Waterbury Dl, 
Ct. 

James n. Clow A Sons, 201 N. Talman Avo., Chicago 12, 
Ill. 

Coiioflow Corp., 210(1 Arch St., Phila. 3, Pa. 

Crane Cn., 836 Michigan Ave., Chicago 5, 111. (p. JO.'J) 
Darling Valve A Mfg. Co., Foot Walnut St., Williams¬ 
port, Pa. 

Defender Instrument A Regulator Co., 815 Clark Ave. 
St. Louis 2, Mo. 

H. A J. Dick Co., Inc., 24 Sade St., Passaic. N.J. 

Durabla Mfg. Co., 114 Liberty St., N.Y.C. 0 
Edward Valves, Inc., Subsidiary of Huckwell Mfg. Co., 
1200 W. 145 St., E. Chicago, Ind. 

Fairbanks Co.. 31)3 Lafnyette, N.Y.C. 3 
FobUt Fiiigrg. Co., 835 Lcliigh Avt*., Union, N.J. 

Drove Regulator Co., 052!) Hollis St., Oakland, Cal. 
Hancock Valve Div., Manning. Maxwell A Moore, Inc., 
Rridgepnrt 2, Ct. 

Hays Mfg. Co., 12th A Tdberty Sts., Erie, Pa. 

Kennedy valvo MIg. (>□., Elmira, N.Y. 

Karotest Mfg. Cn., 2525 Liberty Ave., Pittsburgh 22, 

Pa. (p. SO/ij 

liiidinw Vulvn Mfg. (!(>., Foot of .Adame St., Troy, N.\'. 
Tiunkenheimer Co., Heekman St., A Waverly Ave., 
Cin'ti. 14, 0. 

A. Y. McDonald Mfg. Co., 12th A Pine Ste.. Dubutiue, In. 
Miinning, Maxwell A Moore, lin;., 11 Elias St., Hridge- 
purt 2, Ct. 

Mlnneapulls-llnneywell Regulator Cii.. 2933-4th 
Avo., S., MlnneapollH H, Minn. (p. f/7) 

Parker Appliance (’□., 17325 TOuidid Ave., Cleveland 12, 

0 . 

Swaby Mfg. Co., 3818 W. Annitage Ave., Chicago 47, III. 
Walworth Co., 00 E. 42fid St., N.Y.C. 17 
WatBrin-Stlllman Cii., Roselle, N.J. (p. / / f) 

WilliiirnH (luiigc ( 'i.)., 1020 PeiiiiHylvania Avc'., PittHlnirgli 
33, Pa. 

Worthington Pump & Maclilnery Corp., Harrison, 
N.J. (p. I/,/,) 

J. A. Zuru Mfg. Cu., Erie, Pa. 


CHECK VALVES, RErRl(;ERANT 
(A—Ammonia; B—Other rcfrigeranls) 

(A,B) Baker Refrlgeratliiii (airp.,S. Windham, Me. 

(/». as) 

(A,B) Crane Co., 836 Michigan Avc., (Chicago 5, 111. 

(p. ins) 

(A) Oeamery Package Mfg. Co., 1243 W. Washing¬ 
ton Blvil., Chicago 7, 111. (p. /,.o) 

(A,Bj Dersch, Cesswein Neiierl, Inc., 4845 W. 

Crund Ave., (Chicago 39, III. (p. 4^) 

(A,B) Frick Co., Waynesborn, Pa. (p. a/) 

(A,B) Henry Valve Co., Melrose Park, Ill. (p. .V.s) 
(A.B) Hubbell Corp., P.O. Box 700, Hawley Rd., 
Mundelein, 111. (ii. is.i) 

(B) Imperial Brass Mfg. (<n., 537 8 . Racine Ave., Chi¬ 
cago 7, Ill. (p. 107) 

(B) Kelvlnator Dlv. Nash-Kelvlnulor Corp., 142.50 
Plymouth Rd., Detroit, Mich. (p. £1} 

(B) Kerotest Mfg. Co., 2525 Liberty Avc., Pittsburgh 
22, Pa. (p. son) 

(A,Bj Kohlenberger I'^ngrg. (airp., 1600 W. (]oin- 

monweiilth, Fullerlun, l^al. ( 71 . SJt) 

(H) Madden llrsHS JVihIiu'Is Co., 1111 N. Fniiikliii Si.. 
(3iie(igo 10, III. 

(It) Mueller PriiBB Cu., 1025 Lapeer .Avc., J’urt I luruo, 
Mii-h. 

iA,B) II. A. Phillips /k Co., 3255 W. Carroll Ave., Chi¬ 
cago 24, 111. I'/i. 142 ) 

(B) Superior Valve & Fittings Co.. 1509 W. Liberty 
Ave., Pittsburgh 26, Pa. (p. h’S) 

B) Tonnpv Engrg., Inc., 20 Ave. B, Newark 6. N.J. 
A.B) Vlltcr Mfg. Co., 2224 8 . Ut 8 t., Milwaukee 7, 
Wis. (p. .9.9) 

(.A) Henry Vogt Marliine Co., 10th A Ormsby St., Louis¬ 
ville 10, Ky. 

(A,B) Watson-Stlllman Co., Roselle. N.J. (p. Ill) 

(A,) Worthington Pump & Machinery Corp., Har¬ 
rison, N.J. (p. 1^4^ 

(A) XTj Refrigerating Co.. 1834 W. 50lh St., Chicago 3li, 

Ill. 

(A,B) York Corp., York, Pa. 


CHILLERS, CONTINUOUS 

Kohlenberger Engrg. Corp., 1600 W. Common¬ 
wealth, Fullerton, Cal. (jj. 30) 

Votator Div., Girdler Corp.. Louisville 1, Ky. 
Worthington Pump & Machinery Corp., Harrison, 
N.J. (p, 144 ) 


CIRCUIT BREAKERS 

Allen-BrodlBy Co., Milwaukee 4, Wis. 

Allis-Chalmers Mfg. Co., Milwaukee 1, Wis. 

.Arrow-Hurt A Hegernan Elec. Co., 103 llawtliiini Si., 
Hartford Ii, Ci. 

Bello Industrial Equip. Div., Bogue Elec. Co., 37 Ken¬ 
tucky Ave., Paterson, N.,T. 

Biiidiunau Elec’l Prod. Corp., 225 Route 2!), Tlillsidi;, 
N.J. 

Cutler-Hammer, Inc., 315 N. 12th St., Milwaukee 1, 
Wis. 

Fasco Industries, Inc., Uni [>11 A Augusta Sts., RoclieBter 
2, N.Y. 

Deneral Elec. Co., 1 River Rd., Sehcnectady 5. N.Y. 

I.T.E. Circuit Breaker Co., IDth A Hamilton St., Pliila., 
Pa. 

llusBell A Siull Co., liic., 125 Barclay Hi., N.'WC. 

iSnrciig Mfg. Corp.. 1)555 Ediai Ave., Hehiller Park, Ill. 

'J’rumbull Elec. Mfg. Co.. 000 Wondfnrri Ave., Plainville, 
Ct. 

Wefitiiigiumse Elec, t'orp., Beaver, Pa. 

WestinghDUBC Elec. Corp., E. Pittsburgh, Pa. 

CIRCULATORS, AIR (See FANS) 


clamps, CONDUIT. CABLE, PIPE, TUKINC;, etf. 
(See also HANGERS, PIPE) 

General Elec. On., 1 River Rd., Snlienectady 5, N.Y. 
Grinnell f’o., Inc., 201) W. Exchange .Si., Providi'iwe 1, 
R.I. 

Mannan Producls Co., Tnc., 040 Reilmulo, Iiiglewitixl. 
Cal 

Miiierallac Elec. Ch).. 25 N. Peoria Si., Chirago 7, 111. 
Paine Co., 2051 Carroll Avr., Cliirago 12. 111. 

Prestolc Corp., 134.5 Miami St., Ti)leilr), 0. 

M. B. Skinner A Cu., Soulh Beml 23, Irul. 

'rinnermaii Products, Inc., 20.38 Fulton Btl., Cleveland 
13, O. 

I'rieo Fubb Mfg. Cu., 2048 N. 51,h St., Milwaukee 12, Wis. 
U. S. Expansion Bolt Co., York, Pa. 

Walworth Co., 00 E. 42nd St., N.Y.C. 17 
Varnnll-Waring Co., Cheslnut Hill, Pliila. 18, Pa. 


CLOCKS 

Ashcroft Gauge Div., Manning, Maxwell A Moore, Inc., 
Dridgnpnrt 2, Ct. 

Elgin Nat’l. Watch Cu., 103 National S(.., Elgin, 111. 
General Elec. Co., 1285 Boston ,Avk., Bridgeport 2, ('t. 
Manning, Maxwell A Muure, Ine.. 11 I'Jias SI., Bridge¬ 
port 2, (3. 

Marshalltown Mfg. Co.. Marshalltown, la. 


CLOSERS, COLO STORAGE DOOR 

Chase Industrial Refrigerator Eipiip. A fiJiigrg. Cn., (i30 
Reading Rd., Reading, D. 

Cliinago Spring Hinge Co., 1500 Carroll Avc., Chicugo 7, 
III. 

■lainison Cold Storage Door t.^n., llagcrslown, Md, 

Kason Ilardwarc Corp., 127 Wallabout SL., Bronklvn tl, 
N.Y. 

Streator Froducts Corp., 608 N. 8tli St., Fairiield, la. 
York Cnrp., York, Pa. (p. fi2) 

CLOTH, WIRE (See MESH, METAL; also WIRE 
CLOTH) 


CLUTCHES 

Black-Clawson Co., Middletow^n, O. 

Ceiilrir Clutch Co., WoiKlbridge, N.J. 

Cutler-Hammer, Inc., 315 N. 12Lh St., Milwaukee I, W'is. 
Dodge Mfg. Corp., 505 S. Union Bt., Mishawaka, Ind. 
Hilliard Corn., 102 W. 4th St., Elmira. N.Y. 

W. A. Jones Foundry A Machine Co., 4401 Roosevelt lid., 
Chicago 24, Ill. 


ip. S£) 



Refrigeration Classified 


Liiik-DBlt Co., MOO PerBhinE Rd., ChicaRD 0, ill. 

Mcr(!ur 3 ' Clut[;h Div,, Aiitorniiiii! yieel PnxluciB, 

1201 Camden Avr., Canton fi, 1). 

Morse Chain Co., Div. of Borg-Wanier Corii., lllnxia, 
N.Y. 

7'win Disc Clutch Co., Rnciiic. Wig. 

V-Rclt Clutch 41K N. Western Ave., Los Angeles 4, 
Cal. 

Watson FlaEK Machine Co., 845 E. 25th St.. Patersiin M, 
N.J. 


COA'J’I.NfJ.S & COMPOUNDS, MASTH:, PHOTEC:- 
TIVE, WATERPROOriNC, etc. 

Aiiierican Biluniulh Co.. 200 Hush SI., San I'ranrim'n 4. 
Cal. 

Ariicrir.an r'heiniual Paint Co., .Anihlrr, Pii. 

American Piue A; [>oriHtriiction Cu., Hn.\ M128 'Perminal 
Annex, Los Angeles 54, C'al. 

.\rri» Cl) , 7M01 UrSflerner .\ve., ('li-velantl 27, C. 
ArmslrunA (lurk Cii., LunLitslvr, Pa. l,iJ} 

.Atla.s Mineral Produchs Co., MitIzI own, Pa. 

.\ll:iH Powder ('tt.. N. (Miinigo. III. 

Philip Carey Mfg. Co., T.oi'kland, Cin'ti. 15, O. 

I'oilv IMsuliilion t 'l)., Ini-., 1.5.5 C-. 44ih 1*^1.., N.^' 17 

Dampney Co. of .America, Hyde Park, Tlustoii .■[(;, Mass 
Deiiiiis Chemical I'o., 2701 Papin St., Si. Louis M, Mo. 
Diiw' Chemienl Midland, Mich. 

E. J. du Pont do Nemours A Co., Inc., Wilmitigton OS. 
T)i;l. 

liagle-Picher Sales Co., American Pldg., (’in'ti. 1, 0 
Lhrel, Magiirsia Mig. ('n., ^ alley I'orge, I'a. 
hisflo Stiinriord t)il Co., 15 W. .51 mI St., 10 

Ileiijainin Fosler Co.. 40.15 W. Girard .Ave., Phila. Ml. Pa. 
(Jliildcn Co., 11001 Madison Ave., t'levelainl 2, I). 

M, F. Goodrich Co., 500 S. Main St., Akron, f). 

A. (\ Morn ('o., Inc.. lOlli .Slrei-t A 4Uli .Ave., I.Diig 
Island ( ity 1, N.V. 

Innrtnl Cn., Inc., 470 lYelinghuysen .Ave., Newark 5. N,,I. 
J ohns-Mniiville, 22 IL 4lllh .Sr., N.Y.C. 16 (yi. Idfn 
lielinii Cl)., 4125 S. I lakley Avv., I 'liii-ago 0, III. 

Master MechanicB Co., IVeeiiian Kd., Cli*velaiid M, (). 
.Miniii'HoLa Mining A Mfg. Cn., 000 Fauiiuier St.. SI. I*aul 
I). Minn. 

Miracle .Adlienives Corp,, 214 I'k .5.'{ril ,SL,, N.Y.f^ 22 
.1. W. Mnrtell Co., Puirli St.. Kank.akee, III. 

.Norl.li American Slogul I’miluels (In., .Slamlaiil Pldg.. 
Clevi'land IM, (). 

NiiKeiii Proilucls (Nirp., Ill l'olg:ili! Ave., PiilTalo 20, 
N V. 

Oakito Products, Inc., 22 'J’hiimes St., N.Y.C. ti 
PiM-iira Paint f'ompaiiv, .1501 .N. I'niirtli Si., Pliiladelphia 
40. Pa. 

I’eiiiisylvaiiia S.alt Mfg. t 'o., 1000 W ideiier Plilg., J’liila 
ilelphi.'i 7, Pa. 

Pittsburgh Plate, Glass (]o., (1.12 DuMueHne Way, Pittsbiirgh 

22, Pa. 

J’laskon Div. Ijibbey Cwens l onl Glas.s ( ’n., 2112 ,'Sylvan 
Ave., 1'oledi) li, I). 

Pre.Bstito Engrg. Co., MOOO Chouteau Ave., St. Louis 10, 
Md. 

ReetnrMineral Tradiiiil (Mirp., 16 E. 4MrJ St., N.Y.C. 
17 1/1. 


CLUTCHES 
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Ruberoiii Co . SlMl-Sth Ave., N.Y.C. 18 
Sherw'iii-Williams Co., lOl Prospect Ave., N.W,, Clcvo- 
land, 0. 

Sinouth-l)n Mfg. Co., 572 I'i)ininunii)a\v .Avr., ,]erHey 
Cily 4. \..l. 

Slaiii-;il .Asphalt A Piluiiuds Co., 200 Push St.., San 
I'lani'isi'i) 4, Cal. 

Stcelcote Mfg. (''n,, M41R Gratiot Ave., St. Louis M, Mo. 
'rempo (‘heiiiical Co,, Ini;., 4702 .5t.h St.. Long l.slmiil 
. City I, N.V. 

United Chromium, Inc., 100 E. 42iid St., N 17 
U. S. Rubber Co., 12.10 Ave. of the Amerieiin, N.A''.(L 20 
Van Chad ProH., Ini ., 7H00 S. WoiKllawn .Ave. tliinigo 111, 

III. 

I Virdlnln Smeliiiiil Cn., WL Nnriolk, Va. in. .“to) 

i \ il:i-\ iir Corp.. 1181- llaymond PIvil.. Newark 2. N..L 
; Western lUiemical Co , 7i.1 Washington St., Kansas City 
1 ), Mo. 

; Wilbur-Williains Co., 4,1 Lean St., Poston, Mass. 

: X-Paiido f^urp., 4;;-l 5-.), ■ h St., Long Island t'ity I, N.Y 


I coi:ks 

! Asliton \alve Cn., 4.'1 Kendriik SI., Wren I li;im, .Mass, 
i L. ,1. Rordo Co., Inc.. 115 New SI., Glensiili', Pit. 

1 Oanc Co., H36 Micliiiiaii Ave., Chlcailo .S, 111. 

l/». /('.'O 

I'airbanks MUM Iwiruyettr, N.A’’.C. 1 
Hays Mfg. Co., ]2tli A Liberty Sts., I'>iii, Pa. 

Kiinge.ri,. nc , 1(1 Iludsnn St., N.A'.C. l.'l 
Luiikenhoimer ('o., Peekman St. A WivvitIv Ave,, Cin’ti. 
14. 0. 

A. Y. MeDomild Mfg. Co., I2lli A I’ineSl.s., I )ijl)ui|iie, la. 
Mueller Co., 512 W. Cerrn Gordo St., Decatur 70, HI. 
Swift Lubricator f^)., Itic,., 101 lloiiie St.. I'lmira, N.A’. 
Walw'orlh Co., (10 IL 42iid St.. N.A'.I'. 17 
VVilliaiiiH Gauge t'n., 11121) l’eiiJiH\K;iliiii. Ave., Pills- 
burgli 1.1, I'a. 

Wright-Auatin (/O., 115 W. WoisJbriilge St., Detroit 211, 
Mich. 


COIL & BAFFLE ASSEMHLIIOS 
(A—Ammonia; B—Other refrlgeranls) 

.American Coils Co., 25 la'xington SI., Newark .5, N..L 

(A,B) Baker RcfrlilLTiitlon Corp., S. Wiiiilliam, Me. 

t/i. t-M) 

(P) I lei/. ('orj), 44.5 Si ;i 1 1 '.S)Ilammnnd, Ind. 

1A,B) Bush Mlfl. Co., 179 South St., \V. Ilarlforil 10, 

Ct. {p. 40 ) 

Clihl Control, Inc., Ill Proadway, N.A'.C. 11 
(A,H) (»ay Jjiigrg. Co., 2710 E. I Ith St., Los Angeli s 21, 
Cal. 

A,111 kolilenherger IRigrg. Corp., 16IH) W. Ciim- 
monweall h, I'ullerl on. Cal. 

IB) Kramer 'I'renton Co., (ildeii Ac Breuiilnjl Avisk., 
Trenton 5, N.J. 1/). lur,) 

(H) llussniann Refrifteratlon, Inc., 2401 N. LeffiiiH- 
I well, St. Louis 6, Mo. [v. S’:i) 

(A,B) Larkin Ci>lls, 5l9 Memorial Or., .S.E., Atlanta 

I, Ga- iv. 4n 

(B) McC.oril Corp., Rliipelle At IL f^raiiil Blvd., Oe 
trriit 11, Mich. fp. .7.) 

( Contiunrd) 



• EVAPORATIVE CON¬ 
DENSERS 

- UNIT COOLERS 

- AMMONIA COMPRES¬ 
SORS 

• FREEZING SYSTEMS 

• KRAKICE MAKERS 

• VALVES, FITTINGS 


REFRIGERATION ENGINEERS • MANUFACTURERS 

FULLERTON, CALIFORNIA 






COIL & BAFFLE ASSEMBLIES 
40 COILS 



When you need — 

• UNIT COOLERS 

• AIR COOLED CONDENSERS 

• AIR HANDLING and 
CONDITIONING UNITS 

• DX, STEAM or WATER COILS 

• EVAPORATIVE CONDENSERS 
and COOLING TOWERS 

You'll Find there's □ Bush Standard 
Unit that best fits your need. 

Write for NEW Catalogs 

BUSH commercial REFRIGERATION 
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COIL & BAFFLE ASSEMBLIES (Continued) 

(A.B) McQuay, Inc., 1600 Broadway, N.E., Min¬ 
neapolis 13, Minn. (p. 

(B) Melco Mfjc. Co.. Inc., Grand Avr., Ridgeficlil, N.J. 

(A.B) Nationnl liefri^Brators Co., 827 Koeln Ave., Si. 
Louie 11, Mo. 

(A) Heco ProducLe Div., Refrigoralion EnsrK. Corp.. 2021) 
Nnuilaiii St., Phila. 40, Pa. 

(B) llecBi- iSc JjDiik Ri-friKLTatioii Products, liu;.. 1H!)I 
Park Avr.*., N.VM'. il5 

(A.B) Refrlileratlon Appllanrcs, Inc., 917 W. Luke 
St., Chlcafto 7, Ill. (y>. Jjo/) 

(A,B) Stewart Ice Machine Co., 1282 W. Ist St., Pommin, 
Cal. 

(A,H) Supfir-Cold Corp., 1020 E. .'jflth SC, Lns 1, 

Cal. 

(B) Tenney EngrR., Inc., 2fi Avp. B, Newark 5, N.J. 

(A.B) Vllter MfH. Co.. 2224 S. lat St., Milwaukee 7, 
WIs. (p. .^.'5) 

(A.B) Whitlock MTk. Co., Drawer 3[)0. Hartford 1, f’C 

(A,B) Worthington Pump & Machinery Corp., Har- 
rlann, N.J. ( 7 '- 

(A,B) XL llefrieeratinK Co., 1834 W. SDth St., Chicago 
3fi, Ill. 


COIL STOCK (See STRIP) 


COILS (See particular type, l.e., FINNED COILS; 
PLATE COILS; UNIl' (T)OLERS; etc.) 


COMMERCIAL & INDUSTRIAL AIR CONDITIONING 



COILS, SPECIAL 

(A—Aminnnla; B—Other refrlgeranls) 

(A.B) Acme Industries, Inc., Mcchanl. & (iansiin 
Sts., Jackson, Mich. Ip. J//) 

(A,II) Acrofin (]orp., 410 Ceddes St., Syracuse, N.Y. 

(;). //) 

(A,B) Baker Refrlgerarlon Chirp. Inc., S. Windham. 

Me. Ip. f>.i) 

(H) Metz Coni.. 44r> Sl:i1 e SI , I l;iMiini»iifl, liitl. 

f Confinurd J 


!! TECHNICAL PAMPHLETS—AT REDUCED PRICE ! ! 


/Locker Plants 
/Fur Storage 

/Refrigeration of Apples, Pears, Bananas, and Citrus 
Fruits 

/Refrigeration in Restaurants 

/Service Charts 

/Butter and Cheese Making 

/Load Calculations 

/A ir Conditioning in Theaters 

/Operation of Ammonia Machines 

/Wine Making 

/Refrigerant Tables and Charts 
/Freeiing of Eggs 
/Drinking Water Cooling Systems 
/Automatic Capacity Control 
/Protective Packaging of Frozen Foods 
/Refrigeration of Aluminum Alloys 
/Meat Packing Plants 
/Hospital Air Conditioning 
/Air Conditioning in Candy Manufacture 
/Calcium Chloride and Soaium Chloride Refrigera¬ 
tion Brines 

/Manufacture of Ice Cream 

/Air Purification and Deodorization by Use of Ac¬ 
tivated Carbon 

/Holding and Stowage of Ships' Perishable Cargoes 
/Air Conditioning Design 

/Control of Condenser Fouling by Water Treat¬ 
ment 

/Refrigeration Controls 
/Capillary Tubes 
/Bread Making 

/Ozone and Its Application in Food Preesrvation 
/Electric Motors, Engines, and Drives for Refrigera¬ 
tion Equipment 


ALL AVAILABLE APPLICATION 
DATA SECTIONS WILL BE SOLD AT 
$5.00 THE SET—A 50% REDUCTION 
FROM THE REGULAR SALE PRICE 

It is contemplated that the valuable in¬ 
formation contained in these pamphlets 
will, in the future be published in a differ¬ 
ent form; hence our desire to reduce our 
stock. This set of pamphlets will be sold 
at reduced price as long as the supply 
lasts. 


Ruti* . 

Arnsr. Snclsly of RDfrlgerHlInn Englnenri 
40 West 40 BlrNt 
New York IB, N.Y. 

I'li-afu- semi me ..... nl .MM’l/l i'ATHl.N 

l>.ATA SEl'TID.N.S Cii: IiuIIhi iii.sl ill $r..Lin ixt 

M*l. G ^fy eliwK fiir . I.s i‘iit*liisi il. 

L'J riense .semi I’I Ml. 

Name .. ... 

Finn . 

.Mlilri'.ss . 








• For Temperature and Humidity Control 



IN WALK-IN. REACH-IN REFRIGERATORS. COLD 
STORAGE ROOMS AND MANY OTHER COM¬ 
MERCIAL AND INDUSTRIAL APPLICATIONS. 





TURRET HUMI-TEMP HALF-TURRET HUMI-TEMP 

WALL HUMI-TEMP 



STANDARD HUMI-TEMP 
ALSO 

LOW TEMPERATURE UNITS 
WITH AUTOMATIC HOT 
GAS DEFROSTER 


• For Air Conditioning Equipment 



EVAi'*ORATI>fE CC5N^EN5ERS AIR CONDITIONING UNITS FLOOR HUMI-TEMP UNITS 


• For Original, Cross-Fin Aluminum Coils 



AIR CONDITIONING COILS 


Manufacturers of the original Cross-Fin Coil—Humi-Temp UnitsH-Evaporative Con¬ 
densers—Cooling Towers—Air Conditioning Coils—Air Conditioning Units—Direct 
Expansion Water Coolers—Heat Exchangers—Disseminator Pans. 



519 MEMORIAL DR., S.E. • ATLANTA, GA. 










COILS 

42 COLD STORAGE DOORS & WINDOWS Refrigeration Classified 


f;UIL8. SPKllIAL (C:imllnuL>J) 

(A,B) Bush Mfft. Cd., 179 South St., W. Ilartroril 10, 

Ct. ip. 

(11) CruiiLliil-Siono Div., TtrL^wer-Titclinner Cnrp., Il.'lO 
(’riurt SL, IliiiKliamIun. N.Y. 

(A,B) Crane Co., B36 Mlchgan Ave., Chlcai^n 5, III. 

[p. lOU) 

(A) Creamery Package Mfg. (^o., 124.1 W. Washing¬ 
ton lllvti., (Chicago 7, 111. (/<■ 'i-'Vi 

(A) Derscti, Cesswein & Neuert, Inc,, 4H4.S W. Craiiil 
Ave., Chicago 39, 111. ip 4**) 

HdIb Ht'frifri'raliiiK (‘n., r)!lH) N. l^lll‘shi f’liiniKii :ill, 

111 

(A,B) Doyle & Roth Mfg. Co., Foot 23rJ St., Hrook- 
Iyn32, N.Y. ip.HI) 

(A,I1) DrayeT-lIiinanii, Inn., 3301 Meilfonl St., 1.dh Aiign- 
lea 33, Cal. 

(A,B) Frick f]o., Waynesboro, Pa. (/». -W) 


REFRIGERATING 
ENGINEERING ; 

THr Icacliii" periodical in ref rig- j 
eralioii and air coiidilioiiing. ' 
(lomprcliensivc, readable, an- | 
ihoritative, scieiilifically sound, 
it preseiils eurreiiL developments ! 
in refrigcralion and air nondi- ■ 
lioiiing in an interesting and un- 
bia.sed style. 

REFRIGERATING 

ENGINEERING 

keeps pace with the present rajiid 
expansion in these industries. If 
your business is concerned with 
any branch of this field, reading 
ibis magazine regularly is a ne¬ 
cessity. 


$4.00 nnriuaUy in the IJ. .S., 
Canada, Mexico, South & 
Criilral America, Pliilippinr.s 
& Spain 


Published by 

The American Suciely nf 
Refrigerating Engineers 
40 Wr.Nl 40 Slrppl 
New York IB, New York 


(A,B) Gay Engrg. Co., 2730 E. llili St., Loa Angnlua 2‘<, 
Cal. 

(.\,H) RrfriKiTiilinii Div., Yatca-AmL^rii.an Ma- 

rliiiip ('d., Hrlrtit, Wia. 

(A,B) Howe IcB Machine Co., 2825 Moiitroae Ave., 
Chicago IB, Ill. (p. JUS) 

(B) IIuaHmanii Relrlgerator Co., 2401 N. LelTing- 
wcll, St. Loula 6 , Mo. (p. SU) 

fA,B) Kohlenberger Fngrg. C^irp., 1600 W. f Common¬ 
wealth, Fullerton, Cal. (p. SU) 

I rA,B) Kol J-Hold Mlg. Co., 603 F. Ilu/.el St.. Lansing 
4, Mich. 1/1. I US) 

(A,Bj Kramer Trenton lio., DIiIlmi Breunliig 
Aves., 'I'rentoii .5, N.J. [p. i 

(A,B) Larkin (inils, .519 Memorial Hr., wS.F., Atlanta 
I. Ca. ip. 41) 

(B) Long Mfp. Div., BorE-Warner Corjj., 12501 Deiiuin- 
ire, St., Detroit 12, Midi. 

(B) McCord Corp., Rlopelle & F>. Grand Blvd., De¬ 
troit 11, Mich. (/). ,7,7) 

j (A.H) McQuay, Inc., 1600 Broadway, N.E., Min¬ 
neapolis 13, Minn. (jj. JUU) 

(A,B) Mario Coll Co., 6135 Manchester Ave., St, 

Louis 10, Mo. ( 71 . 

I (B) Mdeo MTe- f’o., Iiic., Grand Avt*,., llidEcfiidrl, N.J. 

I A. B. Murray Go.. Inc., G30 Green LaiiP, I'lizabeth, N.J. 

Natinniil Pipe BendiiiE Co., lit) River St., New Haven 1.3, 
I Ct. 

! (A.B) National Refrigerators Cu., 827 Kixjin Ave., St. 
] Louis 11, Mo. 

i (A,B) Niagara Blower Go., 405 Lexinglun Ave., 
i N.Y.G. 17 (p. u;) 

I (A) Nooter Corp., 1420 S. 2rul St., St.LoiiiH 4, Mo. 

. (A) I’ittsburgh Pipe Coil A Beiiiliiig t.’o., lil Bridge St. 

Etna P.O., Pittsburgh 23, Pa. 
j (A.H) Reeo Produets Div., Ri'frigeratioii Eiigrg. Corp., 

I 2020 Naudain SI,., Pliila. 4li, Pa. 

1 IH) ItecHi! A lifiiig Itefriguniliuii J’rndui'ls, liie., 1K!)I 
1 P;i,rk .Ave., N.NM.'. 35 

(.A, III Kefrlgerallon Appliuiice.s, liic., 917 W. Lake 
I St., I Chicago 7, 111. ip.Jtm 

i (A,B) Refrigeration Economics Co., Inc., 1231 E. 
Tuscarawas St., Canton 4, (). (p. ju;) 

(A,B) Rerrlgcrutlon Engrg., Inc., 7250 E. Slauson 
Ave., Los Angeles, (]al. (/). lifu) 

(.A,B) Reliance Refrigerating Machine C3j., 3401 N. Ked- 
zie Ave., (diieago 18, III. 

(A,B) Reinpe Co., 310 N. Saeraniento Blvd., Chicago 12, 
Ill. 

Eilw. Rciineburg it Sons Sn., 2(i3!l Bnsl.iin St., Balliniori' 
24, Mri. 

(A.B) Rigidbilt, Inc., 28,50 VV. FiilLnn St., t^iieiigD 12, 111. 
(.A) Roessliig Mfg. I’d., Sharjisburg Stii., PitlBburgh, l‘a. 
(H) Ronie-'rurney Radial or t^Io., Rome, N.Y. (71. lu.'i) 
(A,B) St. Louis UIdw Pipe A Heater Co., Ini;., Div. of 
Skinner Heating A Ventilating Ci ., Inc., 104H N. 
Otli St., St. JjOuiB li, Md. 

(A.B) Stewart Icc jMachinc C’o., 1282 AV. Ist St., PnniDna, 

I Cal. 

lA.Mi Suprr-Ci.ld Cnrp., 1020 Iv 5!)lli Si., I.f>,s Angele.s 1. 
Cal. 

(B) 'rpuney EnErE., Lie., 2li .Ave. B. Newark .5, N.J. 

(A,B) Vlller Mfg. Co., 2224 S. 1st St., Milwaukee 7, 
Wis. ( 71 . 

(A) Henry Vogt Machine Co., lOtb it Ormsby St., ijonis- 
vilir 10. Ky. 

I I \,Bj Whiilork Mfg. Cl)., 51 Soulli St., Jliirlfonl 10. Ct 
lA,B) Worthington Pump fic Machinery Corp., Har¬ 
rison, N.J. (7). J/,/,) 

(.A) XL Refrigerating f’o., 1S34 W. 5!Hh St., Chicago 3t), 
111 . 

(A.B) York Corp., York, Pa. ( 71 . ,72) 

Young Radiator Co., Racine, Wls. ( 71 . n) 


f:OLD CONTROLS (vScb THERMOSTAl’S) 


tlOLD STORAGE DOORS & WINDOWS 


Butcher Boy Cold Storage Door Co., 170 N. Sangu- 
niDii St., Chicago 7, Ill. ^ (p. 4 , 7 ) 

Chase Industrial Refrigerator Equip, ife Engrg. Co., 1)30 
Heading lid., Reading, U. 

I’ork Insulation Co., Inc., 1.55 E. 44th .St., N.A'.C. 17 


( Coiitiiiiit'd) 
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lAMISON COLD STORAGE DOOR CO. 

Oldest and Largest Builders of Cold Storage Doors in the World 

Hagerstown, Maryland 

SALES BRANCHES AND DISTRIBUTORS IN PRINCIPAL CITIES 


Basic Types Jamison Cold Storage Doors 


For Moderately Low Temperatures 


For Zero and Sub-Zero Use 


SERIES “50” 


Monopanel Construction 


10 ■ T E M P (InfIttIng type) 








COLD STORAGE DOORS Sl WINDOWS 
44 COMPRESSORS 


i:OIJ) SrOHAr;K doors (Cuntlnued) 

CrL'amery Packailc Mfft. On., 124.1 W. WaNhinilton 
nivd., Ohk-aitn 7, 111. ip. 4!*^ 

I ruHp llpfriKpraLor Co., Inn., .')04 Mtiin Sl., Louisville 2, 
K.V. 

DnhiwtirL* llcIriKfrafion I'o., H.‘14 N. (itli 8l,, l*liilu. 2U. P». 
FoisijI llofriKortiior Co., 54rKJ Eailoin St., Philn. 37, Ph. 
Freezer Bo* liiv., AMiia|tollH Yachl Yard, Box 791, 
Annupiiliti, Md. (p- 

John Herrol & Suns Co., 244 Lear St., CulumbuB (i, 0. 
Jamison Child Stiirade Chi., IlaUerstuwn, Md. (p. 4^^) 
.lortiriii Ilpfritnir!! Lor f hi., .'iHlii St. it CniyH Phihi- 

ilf:l|jlii:i 43, Pm. 

Koch Butcherfi' Supply Co., GOO E. 14th Ave., N. KnniuiB 
City 1 fj, MCl. 

.luck LtiriKdl on Chi., .3700 Elm St., OallaB 1, Tex. 
MnslerfruBze Corn., Sister Bay, Wis. 

.lohn MowiiL UeliiKera.tiirh, IKOli PolBom Si., .Sail P'ran- 
cisco 3, ('ill. 

National HefriKcrators Co., 827 Kiieln Avc., St. Louis 11, 
Mri. 

.r. P. Pfi-ilTi-r Son, Inc., 200 N. Pac.u SI., llalliinon- 1. 

M'l 

Been PrrMluflH Div., llefrijizcratiijn ('orp., 2020 

Naiidaiii St., Phihi. 4lj, Pa. 

Kcctiir Mineral ’Iradlnil C^cirp., ICi R. 4.4rd St., N.Y.lh 

17 i p I mi) 

Scliiiiidt Co., John ife UvinKel’t^ii Sts., [uii'ti. 14, 0. 
SlrB.Llor Prndui-ln ('orp., 408 Norlh l)rl|)nl. Sl., Kairlieid, 
la. 

Ward Bi;friKi'ral iir it Mfn- Co., li.'iOl S. .Mamcda SI., 

1.08 .'\ iiKi'h'B 1 . I 'al. 

York Chirp., York, Pa. (p. -7-0 

C:C)LD STDHACE DOOR HARDWARR (See IIARD- 
WARR, COLD STORAGR DOOR; also CLOSRRS) 

COLLARS, SHAF'I 

(’hicaKO Die CuHliiiK MIr. Chi., 2r)00 W'. Monroe Sl., C.'hi- 
eiifco 12, 111. 

DoiIki* Mf(i. t oirn., .'lO.'i S. Ciiion Sl., MiMh:iw:ik.a, hill. 
Liiik-BDll Co., 220 S Belmont Ave.. Indpla. (i, Ind. 
Palinei-Mee Co., 1701 Polarnl Ave., Detroit 12, Mich. 
Stiiiiilard PrcHMeil Steel I’n., Box 824, .Jenkiiitown, Pa. 

COLUMNS, WA'PRR fSec CiAUGR GLASSES) 

COMPOUNDS, CAULKINC 

Calljiir Paint it VhirniHli Co.. 2(il2 N. Martha St., Phila. 
2r>, Pa, 

Ji'HBc CL C'roll it Son, 2G0G (jenuantowu Ave., Philn. 33, 
Pa. 

EiiKlo-Pielier SalcH Co., Amorican BldR., Ciii’ti. 1, O. 
Beiijuiiiiii I'hisLrr l/O.. 4li3.'i W. Girard Ave., Phila. 31, Pa. 
IJ. E. CioiHlrieh Co., GtK) S. Main St.. Akron, (). 
JiihiiN-Manville, 22 R. 4nih St., N.Y.C. I(i ip. ISo) 
liexiiiliclon Supfjlv Co., 4815 LexinKtun Ave., Cleveland 3, 
0 . 

Master McchanicB f^o.. Freeman ltd., Cleveland 13, 0. 
Midhiinl Paint it Vhii'iiiHh ('o., 3801 1C. ill St., thevehiiul 
5. fl. 

.1. W.'M oi l i;ll Co., Biin-li Sl,, Kankakee, 111. 

Nehe.ll Mlg. C'o.. 2300 Woodhill Rd., Cleveland 20, O. 

B. F. NelHon Mfg. Co., 401 Main St., N.E., MinneapoliB 
13, Minn. 

Peconi Paint C'o., liii;., 3,501 N. Foiirlh St., P)iiladi4|iliia 
40, Pa. 

Pittsburgh Plate Glass Co., G32 Diii|ucBiie Way, Fitts- 
burgh 22, Pa. 

PrPBslito Engrg. C>o , 3000 Chouteau Ave., St. Louis 10, 
Mo. 

Ste.elrote Mfg. Co., 3418 Gratiot Ave., St. Louis 3, Md. 
Vltflliiln Smelting t'o., W. Norfolk, Va. (ii. So) 

Vitn-Var Corp., 1180 ItBymond Blvd., Newark 2, N.J. 
Western Chemical C7u., 713 W^ashington St., IvunsaB 
City (i. Mo. 

X-Pando Corp., 43-ir>-36th St., Long Island Chty 1, N.Y. 

COMPOUNDS. CORROSION INHIBITING (See 
WATER TREATING) 

COMPOUNDS, GASKET, PIPE JOINT, etc. 

Aren Cd., 7301 BBoaemer Ave., Cleveland 27, 0. 
Armstrong Cork Co., T,ancaBler, Pa. 

Atlas Mineral Produrts Co., Mprtztown, Pa. 

Calbar Paint A Varnish Co., 2G12 N. Martha St., Phila. 
25. Pa. 
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Philip Carny Mfg. Co., Lockland, Chn'ti. 15, 0. 

[hiii-ugn Gasket Co., 1275 W'eHl Norlh .Ave., Chii ago, III. 

Crane Cn., H36 Michigan Ave., Chicago 5, Ill. 

[p. ft HI) 

fVano Par.king Co,. IBOO Ciiyler Avr., Chipago 13, 111. 
JesBC G. ('roll & Sun. 2(i0f> Germantriwn Ave., Phila. 33, 

Dearlioi'ii Cheini[;;il I'u. Mi‘ri'haiidi8e Mori PI:lz:i. I'lii- 
rtign .54. III. 

Garlor.k Paeking Co.. 402 E. Main St., Palmyra, N.Y. 
Goetze Bnineh, Jolms-Manville ProduetB Corp., Allt^ii 
Ave., New Brunswack, N.J. 

B. F. Goodrich Co., 500 S. Main SL., Akron, 0. 

Griniiell fhi.. Inc., 2G0 W. Excharigi* St., ProvideniT' I, 

H. l. 

IligliHidi^ I-heiuifalw Co., II) Colfax Ave., 1'lift on, N..). 

,\. (h Horn Co , Ine., IDlh SlreiM it 44lh Ave., I.ong 
IhImikI 1. N.^^ 

j KcrnteHt Mfg. Cu., 2525 Liberty Ave., Pittsburgh 22, 

Pa. (;i. ■dn.'i) 

Keystfiiie LiibrirahiiK (hi., 21sL & Lippincolt St., Phila. 
‘ 32, Pa. 

Lake (hiemirril Co., 3052 W'. Carroll .Ave., Chieagi) 12, 111. 
MiicIcBoiiB Co., 127 Cedar Sl., N.A’.C. G 
MiniiesriLa Mining it Mfg. Co., 000 Faiiijiiier SI ., St. Paul 
G, Minn. 

I‘arker Ajipliaiice I'o., 17325 Euclid Ave., (.Jevidand 12, 
I). 

Preiira Paini. Co., liic., 3501 N. Foiirih Sl.. Pliila. 40. P:i. 
Periimte* Co., Im*., 1720 Ave. V'. Brooklyn 20, N.A'. 
PrcHBtiic Engrg. Co., 21)00 Clioule-au Ave., St. Loiiifi ID, 
Mo. 

(Quigley Co., Inc., 527-5th .Ave., N.A’.C. 17 

11. U. Rohi?rLHoii Co., 2401) FarmeiB Bank Bldg.. PiIIm- 
Inirgh 22, Pa. 

Rutland I'ire Clay Co., CurtiH Ave., TUitland, V'L. 

Sinool h-Dn Mfg. Co., 572 Uomniunipaw Ave., ,IcrBi.'v (h'l.y 
4, N.J. 

Teinno (Mieiiiii'al I ’o., ine., 47-02 5 SILong I.sla.iiil ( 'il v, 

I, N.^•. 

Van Cleef Bros., Inc., 7801) S. W'oudJawo Ave,, Cliieiigo 
10. Ill. 

Virginia Smelling Go., W. Niirfolk, Va. (;>■ 'fo) 

J. C, Whitlani Mfg. I 'o., WadwwnrLli, U. 

X-I'ando Corp., 43' l5-3Gth St.. laing iHlund City 1, N.V. 


GDMPD1IND.S, MASriG, [See GDA’I INlLSj 


COMPRESSORS, AIR, GAS, etc. 

.AlliB-l'liiilmerH -Mfg. Co., Milwankei- 1, Win, 

.Ainerii-iin Miir,s|i I'uinpB, Ini .. 1048 Capilal Avi* , N.E., 
Battle (heek. Mii'h. 

Dinks Mfg. Co., 3114 Garrnll Ave., Chicago Ifi, Ill. 

\p. 

Brunner Mfg. Go., Utica 1, N.Y. [p. 4S) 

l^arrler Corp. 3U2 S. Geddes Sl., Syracuse 1, N.Y. 

Clark Bros Co.. Div. of DresHer loduBlries, Ole.'ui, N.5'. 

Curtis Refrigerating Machine Div., Curtis Mfg. Co., 
1V49 Klciileln Ave., St. Louis 20, Mo. (p. 7) 

Cooper-BeBBinner t^'orp., Mt. Vernon, O. 

DuLaval Steam Turbine Co., 853 Nottingliam W ay, Tren¬ 
ton 2. N.J. 

DeVilbius Co.. 3IK) Phillips .Ave., Toledo 1, 0. 

Elertrir S|irayit f'o.. 1415 IlliuniH .Ave., Sheboygan. Wis. 
Fuller Co., Box 420, Catasauqua, Pa. (jj. 47) 

Ilooven, OwDUB, lieiitBchler Div., General Matdiinery 
Corp., 645 N. 3nl St., Hnmilton. 0. 

Iiigersnll-Riind Co., 11 Broadway, N.Y.C. 4 
Joy Mfg. ('ll., Oliver Bldg., PitlBliurgh, Pa. 

Lynch Mfg. Chirp., 3G00 Summit Sl.., Toledo 1,0. 

I'/aflh Fhigrg. Co., 358 Whlsiin Rd., S. Norwalk, C^t. 

Niles Tnid Wka. Div., General Machinery Corp., 545 N. 
3rd St.. Hamilton, O. 

PaaBche Airlirush C'o., llJOf) Diversey Pkwy., Chicago 14, 

Ill. 

PcniiBylvania Pump it CoinpreBBor I'n., EuBton, Pa. 
Quincy ComprcBsor Co., 217 Maine St., Quincy, III. 
RootH-C7onnt.TBvillc Blower Corp., P.O. Box 327, C’oniierB- 
ville, Ind. 

Sehnneke, Inc., lOlG E. Columbia St., Evarunville 7, Ind, 
B. F. Sturtevant Div., Westlnghouse Elcc. Corp., 
101 RcadvUle St., Boston 36, Mass. {p. 2.9) 

Union Steam Pump Co., Buttle Creek, Mich. 

United Engine Co., WT. llolmes Rd., Lansing 12. Mich. 
Worthington Pump & Machinery Corp., Harrison, 
N.J. (p. 124 ) 

Yeomnno Bros. Co,, 1433 N. Dayton St., Chiicago 22, 111. 
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NOTE- 

® Any "Bulchar Boy ' cold ilorogB door con 
be hung eilher righi bond nr lefi hand nl 
any lime wilhoul change In cnnilruchnn ai 
all "Butcher Boy" dnors have Full width hinge 
blncki 

© All Butcher Boy" dears maintain a 100% 
llgh* seal, and insure ease in apening 
and closing Dperalions at all limes because ot 
enacting standards oF conslruclian 

NEW-TYPE 
HARDWARE can be inslallad 
on ony cold storage door 
o FASTENERS 


This "Butcher Boy" standard typo 
cold storage door Is equipped 
with "Super-Seal" fasteners and 
"Finger-Tip" Door Openers For 
greatest elFiciency. 





■ 

1 

i 

1:! 1 


VESTIBULE DOORS are used primarily to 
save reFrigeration coils where long periods 
oF opening prevail 


Butcher Bou' 

DBDDUETM "F 


"Super Seal" Fasteners 
maintain a 100% light 
seal between the door 
gashels and Frame, there¬ 
by preventing WARPING 
and DOOR ICING 


CONSTANT AUlDMAlIf 1 Rl SSimi< ih hrr uyM 
affainat thi door ifiinki Is li> ri I ' 1 I u IIi nvv Duly 
fe'itcncrH 

DOUllI h I ONTACT lorkmn Fpilun nf Supi r Si il 
riplHiPH thi old inifliriint mnyli nmt irl liislimrM 
diKlnhiilis ivinpns uri upon thi intir surfirn if Hir 
ilnni onii it>' tH 

FASY TTI INST All un anv iIimu Biljii<ilmi ntn an 
Himpli anil piiHiMvi* with hn k nut ■ Itmys 
DUllAUlF HFAVY MUIM KN lurh Supir 

Sial fantenir 10 llm 

• FINGER-TIP DOOR OPENERS 

Minimize the efforts 
oF opening heavy 

cold storage doors -• 

by application oF the ' 

laws oF "leverage". - 

Mcrp finirt r li|i pre'^surr will iipin anv Hi7r' rlunr 
Inntalli il withiiut drilling; hnlFi Ihmuirh Ihi iliHiri 
Himinati <i till iiLnsHily uT piiali mils wtiiih rrri|uirilly 
fr*»/i ni lunrl 

F xtrn hcavv liny miMhinisrii haiitlli «i — ih iij. m r| fnr 
pi rft 1 1 I pi rnlPm tin in h I n 1 li \ t r lyi i itn» 
h inytr 1 ip opt ni th snip I) ir h in hi ■ I i il | i si Imn 
aftir I Hch iipirilinn iliminatiru lln i vi r rnnstint 
Ihrial oF tiarinf. rluthiny nr iL hin|. nn n |iotiiJiiiny 
handli 

Writv far Buflerins 


■ UTCHER BOY CO 

170-liD N. 5ANCAMDN 5T 


BOY COLD STORAGE DOOR CO. 

ICAMDN 5T -k CHICAGO 7, ILL U. S. A. 
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CnMPRESSDRS, AMMONIA (See almo CONDENS¬ 
ING UNITS, AMMONIA) 

Baker Ref rift eratlon Corp., S. IVlndham, Me. (p. S3) 
Carrier Corp., 302 S. Ceddea St., Syracuae 1, N.Y. 

(p. ^r.) 

Chirk flroB. Co., Inn., Olcan, N.Y. 

CotipiT-TiBsaRrriLir [yorp., Mt. Vernon, C). 

(dreamery Packaftc Mffl. Co., 1243 W. Washington 
Blvd., Chicago 7, Ill. (p. 4.')) 

r ;yf'lf‘PH Iron Wka., 837 FoIhooi St., San FniriRiaco 7, Cal. j 

Dersch, Geasweln & Neuert, Inc., 4845 W. Grand I 
Avc., Chicago 39, 111. (p. 4S) I 

Frick Co., Wayneaboro, Pa. (p. /it) 

Fuller Co , Box 420, CatBaauqua, Pa. (p. 47) 

(h'lii'riLl llRfrineriil.iiMi Div., V:itBH-.'\iiiiiriiMin Mar.liiiii* 
Ihp., Hnlriit. Win. 

llowe Ice Machine Co., 2H25 Montrose Avc., Chicago 
18. 111. (p. 4S) 

IriRorHull-lijind Co., 11 Uroadw/iy, N.Y.C. 4 


Kohlcnberger Engrg. Corp., 1600 W. Common¬ 
wealth, Fullerton, Cal. tp. 3f.i] 

Hccd Producta Div., llefrigernliuii Eiirfr. Corp., 2020 
Nuudain St., Phila. 4B, Pa. 

Ileliancc Refrigerating Machine Co., 3401 N. Kedzie 
Ave., Chicago 18, Ill. 
lleynolda Mfg. Co., liic., Springfiekl, Mu. 

Stewart lee Machine Co., 1282 W. lat St., Pomona, Ciil. 

Vllter Mfg. Co.. 2224 S. Ist St., Milwaukee 7, Wla. 

(P. 3S) 

Worthington Pump & Machinery Corp., llarriaon, 
N.J. (p. 144) 

Xly Refrigerating Co., 1K34 . 5!Hh St., Chicago 3(i, 111. 

Yeomans Hros. Co., 14.33 N. Dayton St., Chicago 22, 111. 
York Corp. York, Pa. (p. oj^) 

COMPRESSORS, BOOSTER 

Allifi-f’hiilmerB Mfg. Cu., Milwaukee 1, \N'is. 

( C'lHitiiinri/J 



HOWE REFRIGERATION EQUIPMENT 

Efficiently Designed for EVERY Purpose 

Prodiiil of year.s of specializaliun, llinve Refrij^eralinii pro 
viile.s roii.slaiil i>reiisi; lemiicraturi; and hvnnidity loiUioI. L'uinil- 
less dairies, food priiee.ssors, meal |iaiker.s, trohl .sl.urat;e and iff 
iiiaiiiiraL'Iuring planl.s, and oilier iinliistrie.s, inerca.se r'irdil.s 
with lIovvL-’.s rugged, trouble free iLfrigeraliiin systein.s. Fur all 
your refrigeration needs, from a ,'j lo 1.50 ton [oinfire.ssor 
or a i'om|ilele itlaiit, eon,suit Howe cngineei.s wilhoul oljligalimi. 

Write for literature—Distributors in principal cities 

HOWE ICE MACHINE CO. 

2B2 1 MONTROSE AVENUE • CHICAGO IB. ILLINOIS 



E5T. 18B0 


• AMMONIA VALVES AND FITTINGS 

• FREON VALVES UP TO 12" 

• EVAPORATOR PRESSURE CONTROLS 

• AMMONIA COMPRESSORS 

PERSCN, GESSWEIII & NEUERf, Inc. 

4B49 WEST GRAND AVL • CMCAGO 39, QSMOIS, U. S. A. 
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Twn FES-FULLER ammunia biinsler compressors at Modesto, 
Calif. Average conditions: 5-iii. vacuum to 30-lb. gage. 100-hp. 
motor on each compressor. 



F U ITL E R ROTARY COMPRESSORS 


for low cost refrigeration 

The FES-FULLER Rotary Compressor has been especially designed 
for use as a booster refrigeration compressor. It is suitable f[)r 
pumping all types of refrigerants, including ammonia, from low- 
side conditions met in general practice, up to and including dis¬ 
charge pressures of 35 psig. Compressors are available in twenty-one 
sizes, with capacities ranging from 2 to 250 tons of refrigeration. 

The efficient design of this equipment provides low-temperature 
refrigeration at low initial cost with economical operation. The 
Compactness of design and flexibility of drive makes it possible to 
install these compressors practically anywhere ... in fact, they 
have been installed in what was considered waste space in the 
machine room. 

Some advantages are—direct or belt drive; accessibility; low 
maintenance; simple foundations. Blades automatically compen¬ 
sate for wear, maintaining capacity for the life of the machine. 
Oil-cooled jacket . . . oil-cooled double seal. Small floor space 
with relation to capacity. No bearing take-up; no gas-line pulsations. 
No leaking valves or grinding of seats. Eliminates a multiplicity of 
parts requiring frequent attention, adjustment, and replacement. 

For further details and the name 
of your local distributor, write to: 
Freezing Equipment Sales, Inc., 

415A West Market 5t., York, Pennsylvania 




Fuller] 


FULLER COMPANY 

CATASAUQU A 
PENNA. 


C.219 




4B 
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Brunner 

SINCI IV06 ^ 


REFRIGERATION 

helps you serve better 



69 Different Models, 
Types and Capacities of 

REFRIGERATION 
CONDENSING UNITS 

Air and Water Cooled 

'A HP. to 75 HP. 



I X I 




111 the Brunner line you will hnil 
the exactly right unit to answer 
just about every cummercial 
refrigeration or air conditioning 
appliiation imaginuhle. 

Brunner condensing units 
are well known for their 
outstanding perlormante and 
economy in operation. Speiil> 
and install Brunner's with 
confidence. Factory sales and 
engineering co-operation is 
yours for the asking. Write 
us. Catalogs on request. 

BRUNNER 

MANUFACTURING CO. 

Utica 1, N. Y., U.S.A. 




'A'r 


1 1 


- '"^1 

_ 

Kir o*^'H 


. —- ■' 

rrmMm 
■ 1 


BRyNRgR 

SINCI IPDk ^ 


Self Confainecf 

AIR CONDITIONERS 

4 SIZES - 3 - 5 - 7'A and 10 HP. 

Remote Inilallation Types from 3 HP. to 75 HP. 
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Look ahead with ^Refrigeration 

From the C P Ha la need 1 int you II get 
— nol jusi A compressor—bul exactly the unit you need, to do ymti 

refrigeration job large or small wiih effiiiemy and 
economy assured bv TP s more than fin years of refrigeration 

pioneering and leadership You re nj^ht when you choose t P 


THE CREAMERY PACKAGE MFC. COMPANY 

Gent-rBl and EMport DMict-s: 1:243 W. Washingron U[vd., Chicago 7, lllino.i. 


50 COMPRESSORS 
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1/2 H P. 
CAPACITOR 


T; 


1/2 H.P. PACKAGED 



1/2 H.P. AIR COOLED 




Complete 

Line 

'/4 to 5 HP 

HERMETICS 

Thoroughly proven 
design. 

LOW 
TORQUE 
□ nd 

CAPACITOR 

TYPES 

1/4 thru 
1/2 H.P. 

PACKAGED 

UNITS 

Heavy duty ca¬ 
pacity and con¬ 
struction. Excep¬ 
tionally small 
mounting dimen¬ 
sions. Models for 
F-12 and F-22. 
1/4 fhru 1/2 H.P. 

HEAVY 
DUTY UNITS 

m AIR COOLED 
1/3 thru 3 H.P. 

• WATER COOLED 
1/2 thru 5 H.P. 

• AIR WATER 
COOLED 

^ 1 /2 thru 3 H.P. 

m Units for Evop- 
orotive Condens¬ 
er Application 
1/2 thru 5 H.P. 

7i TRUCK 

r UNITS 


• ALL-ELECTRIC for 

■“- - on-and-oft road 

****^ operation. 

I UNITS FOR HOLD OVER OPERATION . . . Com¬ 
pact units that provide more pay-load space. 

3/4 thru 3 H.P. 

AUTOMATIC 
\ HIGH-SIDE DE- 
FROST UNITS 


For use with any 

\ Bvaporator. 

■\ ■[ —also available in 

truck models. 

n FbARE COMPRESSORS I 

I 1/4 thru 5 H.P. I 

Genera/ Catalog On Request 

PLANT LANCASTER, PENNA. 


COMPRESSORS, BOOSTER (Ciinrlnued) 

Baker Refrigeration Corp., S. Windham, Me. (p. G 3 ) 
Creamery Package Mfg. Co., 1243 W. Washington 
Blvd., Chicago 7, 111. (p. 

Frick Co., Waynesbnru, Pa. [p. a I) 

Fuller i^u., CataNauqua, Pa. [p-4 ') 

llnwe Ice Machine Cn., 2H25 Muntrose Ave., Chlcagu 

IH, 111. (p. 4 , 1 ) 

IiiKcrarjll-RunLl (^u., 11 Uniatlwiiy, N.Y.U. 4 
.lijy Mf^. f 'u., l.UiviT LIIiIk., I’it tsburKli 22, Ta. 
Kuhleiibcrger Knftrg. Cnrp., IbDO W. iinmmon- 
wealth, Fullerton, Cal. (p. SO) 

Ri‘i i( PrndiictH Div., UcfriKf'ratiun I^iiiErK. Cnrp,, 2021) 
Niiudiiiii .St,, IMiilu. 4lj, Pa. 

Vilter Mfg. Cd., 2224 S. ist St., Milwaukee 7, Wis. 

ip- 

Worthlngtini Pump 8c Machinery Curp., llarrlsnn, 
N.J. lp.J44> 

XT, KefiiKenitinp Co., 1831 W. .'i'ltli St... CJiicagrj 31), Ill. 
York Cnrp., Ynrk, Pa. (ji. OJ) 

COMPRESSORS, CARBON DIOXIDE 

Frick Co., WayncHbnrn, Pa. (;). ,7/) 

Incersull-lLand Hi)., 11 llrnadway, N.Y.f’. 4 

Vllter Mfg. Cn., 2224 S. Ist St., Milwaukee 7, Wls. 

(p. S.i) 

VViLtenmninr ManhiiirTy Co., S50 Spaiihling N. Ave., f/hi- 
ciigo Til. Ill, 

Wurthingtnn Pump & Machinery Cnrp., IlarriHiin, 
N.J. (/,. 144) 

York Cnrp., York, Pa. (p. OJ) 

COMPHFSSOKS, CFNTRIFDliAL fSet* also CON- 
DENSINC UNI I S, CFN'I'RIKUUAL) 

Carrier Curp., .302 S. Geddes St., Syracuse 1, N.Y. 

(/J. iM) 

Trane Co., La Cru.SHe, Wis. (p. us) 

Worthlngtnn Pump 8( Machinery Cnrp., llarriNon, 
N.J. (j,. 144) 

York Curp., York, Fa. fp. lU) 

COMPRESSORS. FREON, METHYL, etc. (See also 
CONOENSINC; LINirS) 

Airiemp Div., filirysler Cnrp., IfiDI) Webster, Hay I on 
I, D. |,j. )!!) 

Baker Refrlgeralinn Cnrp., .S. Windham, Me. 

ip. f>S) 

Brunner Mfg. Co., Utica I, N.Y. {p. /fS) 

Carrier Corp., 302 S. G'eildes St., Syracuse 1, N.Y. 

(p. 

Copeland Refrigeration Corp., Sidney, O. (/j. fOV) 
Creamery Package Mfg. lio., 1243 W. Washington 
Blvd., Chicago 7, III. (/j. 40 ) 

('ridiM' Ci»r|i., i;21li Norl hljiiul, l>:iki‘\vi)i)i], I). 

Curtis Refrigerating Machine Div., Curtis Mfg. Co., 
1949 Klenlen Ave. Si. Louis, 20, Mo. (/j. /) 

Dieeler l)iv., (Ti;iii!r:il Mtipliiiiu it Mfg. Co., Hhiir Si,, ife 
•Spring ,Avc., HerwirU, P.-i. 

Frick Co., Waynesboro, Pa. (p. ,7/) 

Frigidalrc Div., GenT. Motors (Jorp., Dayton 1, O. 

. . [p.m 

l>eneral Elec. Co., Air Coiidiliniiliig Depl., 5 Law¬ 
rence Si., Bloomfield, N.J. (/<. 1 ^ 0 ) 

Ci-niTol Uidrigi'nilinn Div.. ^’:Ll vh-A iiicririin Miinliiiic 
I'd.. lli-lnil. Win. 

C. \ . Mill iV f'li., Inc., .‘ItiO Penniiigtr)ii Tri’iilun I, 

N.J. 

Howe Ice Machine Co., 2825 Montrose Ave., Chicago 
18, III. ip. 4 , 1 ) 

Kelvlnatur Div., Nash-Kelvinator Corp., 14250 
Plymouth Rd., Detroit, Mich. (p. 2/) 

Kohlenberger Engrg. C:orp., IfiOO W. Commiiii- 
wcallli, Fullerton, iial. ijt.S.'O 

Lehigh Mfg. Co., Div. of Lehigh Foundries, Inc., 143 

Fountain Ave., Lancaster, Pa. (/). on) 

Lynch Mfg. ('nr|i., .'ItinO Suriiiiiit St., J [iledo 1, 0. 

Mills Industries, Inc., 4100 W. Fullerton Ave., Chi¬ 
cago 39, 111. (p, OS) 

Ready-Power Cn., 11231 I'Yeud Ave., Detroit 14, 
Mich. (p. 

Itcliance llefrigerating Mncliiiii* Co., .'MDl N. Kedzie Ave., 
CTiicjLgn 18. III. 

Schniickc, Inc.., lOlfJ E. Cnlumbia St., EvniiavillB 7, Ind. 
SltvpI, Inc., I'iViiiiBville 20, Ind. 

Stewiirt Ice Mni-liine (ni., 1282 W, Ist St., Pomriiia, Cal. 

B. F. Sturtevant Div., Westlnghouse Elec. Corp., 101 

Readvillc St., llostoii 3b, Mass. (p. JS) 

Tecumsch Products Co., 'I'ecumseh, Mich. (p. ti/j 
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Liir^p l-fj^ liiiHcr 
LumprurtHnrB, for 
Amnin. or Freon-lZ 





Frick Company 

Waynrslinni Pennsylvania 

Branch Offices and Disirihutors in Principal rilies 

AMMONIA REFRIGERATION 

Ca]):irilics up tu lOUO tuns in inic unit, ("uinpri ssnrs 
fcnluru Wiitrr iackct u\ ur nlnnlL'r licails, nulbuartl 
liLMiiiii^ lj[’}nnrl wheel, furce-feeil oiling, nnil ii.it- 
LMitL’il Flcxn-5e:ils C.iiiacity runlrnls, dual pressure 
cvlnnleis, elr., sniipliril nii order. Bunsier L*uiiiprL's- 
surs have power fur low temperature Frick freezing 
systems. Slc Fuillelins 104, 112, 516 and 651. 

LOW-PRESSURE REFRIGERATION 

I’nils fi fiin j I (111 ungh 15 lijj. An ai. 1 w atei euuleil, 
for Freon-12 Si'par.ile machines ’ii sizes 5 j" x 4" 


lluiiHirr 



2-1 ^ I. r ri-iin-1 2 

I nmiirPhMOrM 


rr-ttC'J) 1 

- 'Vi 


SiTliiin lliru 
1 rii-k-f rerrlng 
hlnm 



rrnHNiirr Dn.i. 

I iihp a llr.irlirl 
fur Irp l'l.inU 



ihroLigh 17^^ 

X 12", four 
cylinder. 

The NEW 
“ECLirSF” 
machines, 4)^" 
X F/', give 
hig cajiacity in 
small .space, 
}i.i\ c many cx- 



I ink 

Nivi “ni.ii'sr" 

I iiiliprpsMirh li.iir 
2, .'i, I, 0 IIr '» Cjl. 


c 1 LI .s 1 V e f e a - 
tnres: I'lixo 

Seals, fin ce- 
feed oiling, tly- 
namic halanc 
ing, r.iparity 
cnnliuls with 
water cooled 
valve id ales. 
Ihil. 07 ^ 100. 


AIR CONDITIONING SYSTEMS 

C'uinph Ie s) stuns, as w 1 11 as unit conditioners, also 
1 efriger.ilion for usi with crjuipmcnl huill 1j\ others 
\sk for llullelnis 502, 505, 504, and 505. 

ICE-MAKING SYSTEMS 

Tajose I'an or gron|) lift; brine race wulh Vcrlillow 
unit nr hiine coolir systems; inanii.d or aiUomalic 
cnntnd tliiL in.in snsUius up In 100 Ions llnlletins 
5t), 51, 127 and 1 11 


M 


1 # 









2-C\llnilpr 
Amm iinlu 
I iimprpiiMnrN 



[ iiiiihliiril 
Aiiiiiiiiniu ITnil 



Frirk linki 
Air Liinill lliitirr 


Thm> NFW "FGLIPSfc” 0-Cyl. CompreB^ors at Lcncnhlrc Houbb, WuBhl^^l^)n, I).C. 
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THE NEWEST IN YORK 
Y/W AMMONIA COMPRESSORS 

NOW AVAILABLE IN 
4, 6, B, 12 AND 16 
CYLINDERS 




Thv Yi)rk \7W Crmiprrssor viiu\ wvnr i)Ut 
all parts siihjri't to vvi*ar are ri'iii'w- 
ablr. Ami simplicity of (li*sif;ii plus speed and 
ease t»f repair save you time ami money con¬ 
suming delays. 

Work plans based on product-load schetiule 
instead of fixed macliine capacity. IVorluct 
co.sts are reduced in just about straight line 
ratio with product h)ail—oidy [ j)ower at 
Z5^/( load. 

Mfire than (>,()()() sucei'ssful installations— 
both Freon and Amnmnia—in riperatioii in 
every type of industry twelve years or more, 
prove that \'/W can match your every imlus- 
trial j)roce.ssinp neeil. For further jiroof, see 
your York Representative today. Or write 
direct to York ('orporatioii, York, reiiiia. 

k The big advances come from 

or ^ 

r,lr,,.,.hon 
i,r taniihanir. 

Refrigeration and Air Conditioning 




Only YORK Gives You 
All These Features; 

1. LOW INITIAL COST. 

2. LOW OPERATINO COST. 

3. LOW MAINTENANCE COST. 

4. SPACE-SAVING 

COMPACTNESS 

5. SIMPLIFIED MOTORS AND 

STARTING CONTROL. 

6. VIBRATION-FREE OPERATION. 

7. FILTERED LUBRICATION. 

B. POSITIVE LUBRICATION. 

9. POSITIVE SHAFT SEAL. 

10. BOOSTER AND/OR HIGH 

STAGE OPERATION. 

11. COMPLETE LINE. 
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MILLS 


COMPRESSORS AND 
CONDENSING UNITS 

10 H.P. Down lo ’/■ H.P. 



AIR-COOLED UNITS 


H P. 

WIDTH 

DEPTH 

HEIGHT 

NET WOT 

V4 

26" 

IB" 

17" 

142 Ibi 

Vi 

26" 

IB" 

17" 

146 Ibi 

Vb 

MW 

21W' 

l»i>^" 

200 Ibi 

% 

luW’ 

23" 

24" 

276 Ibi 

1 

36W' 

23" 

24'~ 

2B6 Ibi 


42^4" 

251 / 2 " 

2m 

45olbi 

2 

42^4" 

251/b" 

311 / 1 " 

460 Ibi 

3 

42%" 

261/2' 

BP/b" 

470 Ibi 


COMBINATION AIR- 
AND WATER-COOLED UNITS 


H P 

WIDTH 

DEPTH 

HEIGHT 

NET WGT 

l/a 

331 / 2 " 

211 / 1 " 

191 / 2 " 

212 Ibi 

% 

37" 

23" 

24" 

292 Ibi 

1 

39" 

23" 

24" 

306 Ibi 

V/2 

471 / 4 " 

251 / 2 " 

311 / 2 " 

470 Ibi 

2 

471 / 4 " 

251 / 2 " 

311 / 2 " 

4B2 Ibi 

3 

53" 

261/2" 

311 / 1 " 

492 Ibi 




CLOSE-COUPLED UNITS 


H.P. 

WIDTH 

DEPTH 

HEIGHT 

NET WGT 

% 

191 / 4 " 

I 6 V 4 " 

141 / 4 " 

106 Ibi 

!/□ 

19%" 

IB" 

141 / 4 " 

11B Ibi. 

Vb 

22" 

IB" 

Ui/b" 

159 Ibi 


There's a Mills 
For Every Installah'on 


For complefo information write for 
New Catalog 204-1 




MILLS INDUSTRIES, Incorporoted, 4100 Fullerton Ave., Chicogo 39, III. 
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COMrRESwSOH.Sp I'RKON, MKTIIYL (C’.iintliiued) 

Trane Co., La CruHse, Wis. ip. 11^) 

Typhoon Air Conditioning Co., Im'.. Div. of lot Air Coii- 
[litioninK Co., Inc., 794 Union St., Urooklyn 15. N.Y 
Universal Cooler Dlv., 'reruiiiseli Products Corp., 
299 Joseph ijil., Marion, O. [p. <;i) 

U. iS. J'hnrmo CiJiilrnl Cri., 44 S. 12l,li ,Sl., 4. 

Minn. 

Vllter Mfg. Co., 2224 S. Ist 8t.. Milwaukee 7, VVls. 

[p. :i.^) 

Worthington Pump &. Machinery (hirp., Harrison, 
N.J. iv. 144) 

XL UerriKcratiiiK Co., 18.11 W. SHth St., (liirtiBO Illi, 111, 
York (lorp., York, Pa. (j>. o.j') 


A-P f/iintrolft f 'iirp., 24.')U N. !l2iul St.. MiUvauki-r 10, Wis. 

Haker Hefrigeratlon Corp., Inc., 8. Windham, Me. 

(/). 

A. W. f'ash Co., 540 N. ISth St., Dtmtur, 111. 
CliM-trimatic Div., Jus. P. Miirsli Corp., l.'iOl llowurtl 
Skokie, 111. 

PtiHter Kukfk. Co.. K-I,*) Tii'lii^Eli .Avi'., IJniuii, N..I. 
MiiBoii-lVeilun UcguhiLur Co., 1190 Ailurns St., UdhIoh 24, 
Muss. 

Mueller Steam Spenialty Co., Ine., 40-2U-22ml St., LiMig 
Island City 1, N.1". 

' Penn Llec. Switch Co., Coshen, Ind. (/). fi.'t) 

Cyru.M Shank Co., f)2J W. Jackson Blvd., Chicagii fi, 

! Ill. \i>. ir,.-,) 

York Carp., York, Pa. (p- 0 


COMPRESSOR PARTS, DRAWN OR STAMPED 
(See also STAMPINGS; also SHAPES, DRAWN; 
etc.) 

Aekennunii Mfg, (’o., Wlieeling, W.Va. 

Acklln Stamping Co., 1929 Nebraska Ave., 'I'oledo 7, 

o. [p. 

Bingham-Herbraiul (!nrp., 1002 Post St., Tnh^dn (1. (). 
Chicago Seal Co., .1,12 S. Iloyne Ave., Chicago 20, Ill. 
l)[>l.riiit SLaniping ('o., 418 Midlunrl Ave., Delroit Jl, Miih. 
indiistrlul Wire ( loth Products Corp., Wayne, Mich. 

(p. S’S) 

Kelvitiutor Div.. NuHh-Ki'lvin.'itnr Cnrp,, 142.50 Plymmilh 
ltd., Detniil, Mii-li. 

Metal Specialty Co.. Este Ave., & BeScO 11.It., Cin'ti.. 0 
TrariHUi' ilr WillianiH Steid T'orging I'nrp., Allianr'e, (). 
VViirlliingt im Piirnii «\c Muidiiiicry ( iirp., Ilurrisiin, N..I- 


CONCRE'IE, INSULATING (See INSULATING 
PLASTER & CONCRETE) 


CONDENSATE DISPOSAL UNITS 

Aini^rii'un--Marsli Piiin|iM, lii'-., 1918 Cupilol Ave., N.M., 
Ball.lr Creek, Mieli. 

CaBteni IniliistricH, liie., 29(i Elm St., New Haven (I, ('t. 


CONOl'lNSER WA’I’ER DIS'IRIBUTORS 

Frick Co., Wayiie.sboro, Pa. (p. /V/) 

Cay Engrg. Co., 2710 E. llth St., Loh Angeles 21, Cal. 

Kohlenherger Engrg. Corp., Kdlll W. Common- 
weallh, Fullerton, Cal. 

.Ins. A. Marloe.ellii it Co.. 229 N. 14lli St., Pliila. 7, Pa. 

Hern PriMliiniis Div., ItefrigeriLtinn Engrg. Corp., 2020 
Naudain St,, Pliila. 4li, Pa. 

FsIw. IlLMiiielnirg ife Sons Co., 2019 Biiston St., Italtiinore 
24, Md. 

Vllter Mfg. Co., 2224 S. 1st St., Milwaukee 7, Wls. 

(p. •^■‘t) 

Worthington Pump & Machinery Corp., llarTlson, 
N.J. (P. 144) 

CONDENSER WATER KEGULATINt; VALVES 

Amhico Refrigeration Products Cn., l4544-3rd Ave., 
Detroit 3, Mich. (p. 1 ;.'0 

-Art A alve Cn., 4lili2 N. Lini'oln Ave., tliieagn 2.5. 111. 


PLATE-TYPE CONDENSERS 

Mechanically bonded tube-plate condensers, 
high in efficiency and low in cost, are avail¬ 
able in production quantities and in a broad 
range of sizes to meet your particular re¬ 
quirements for refrigerators and freezers. 

HOUDAILLE-HER5HEY CORP. 

North Chicago Division, North Chicago, Illinois 


I 


! 


CONDENSERS, AIR COOLED 


Amerinan Coils Co., 25 Lexington St., Newark 5, N..I. 
Brown Kintube Co., Elyria, D. 

Bush Mfg. Co., 179 South St., W. Hartford 10, Cl. 


(p. 4f>) 

Carrier Corp., 392 S. Geddes St., Syracuse 1, N.Y. 

(p- 

Drayer-Tl.anson, Ine., 1.101 Medford St., TiOH Angeles .1.1, 


ICvaiiB Mfg. lU)rp., 4fi() S. lOLli .Ave., Mt, Vermin, \.5'. 

Fedders-IJuigaii Corp., .57'I'linawanda St., Buffalo 7, 
N.Y. (p. r,!)) 

C ik 0 Mfg. f’n.. 118 WiiH'.hL’Hter Ave., New' Mfiven 8. Cl. 

Cenerul K(>lrigi‘rii.l.inii l>iv., N’ntes-A iJierii-un .Miieliiiii- 
Cn.. Ilrlnil., Wim. 

lloLidaille-llershey Corp., 19119 Foss Park Ave., 
North Chicago, III. ip- 

lluHSmunn Refrigeration, Inc., 2491 N. Lcffingwell, 
St. Louis h. Mo. fp. 

Kelvinator Div., Na.sh-KeJvliialr)r Cnrp., I42.S9 
PlyinniJlh Rd., Detroit, Mich. (p. ,:'/J 

Kirsidi Co., Slurgia, Mich. 

Kramer 'lYcntnii Co., Olden ik Breuning Ave.«., 
'Frenton 5, N.J. (p. 

Lehigh Fan ife Blower Cn., 128 ]iindi>Ti St., Allentown, 
Pa. 


Long Mfg. Div., Bnrg-Warner Corp., 12501 Deijuindri: 
SL., Detroit 12. Mich. 

Mcl'.ord Cnrp., Rlopelle & E. Grand Blvd., Detroit 
11, Mich. (p TT) 

McOuay Inc., Ib99 Broadway, N.E., Minneapolis 13, 
Minn. (p. !!>!>) 

Mario Cull Co., bl3.5 Mancliesier Ave., St. Louis 19, 
Mo. I/J. 

Mills Industries, Inc., 4199 Fullerton Ave., Chicago 
39. III. (p, .i'f) 

Refrigeration Engrg., Inc., 7259 £. Slausnn Ave., Los 
Angeles, Cal. (p. 

Rome-Turney Radiator fJn., Rome, N.Y. (p. 
Body Mfg. Co., Dowiigiac, Miili. 

II. F. Sturtevant Dlv., Wesllnghouse Elec. Cnrp., 101 
Heailvlllc St., Boston .3b, Mass. (p. 2.^) 

.Supi'i-l'old (.’orj).. 1929 E. 59lh St., I-i»ih Aiigeles 1, I’nl- 
Traiie Co., La Crosse, Wls. (yi. US) 

Universal (Cooler Dlv., 'recilniseh Pruduct.s Corp., 
299 Joseph St., Marion, D. (/i. OJ) 

Warren Co., liir.., P.O. Box 1430, Allaiitu 1, Ga. 
Worthington Pump Al Machinery Cnrp., Harrison, 
N.J. (p. 144) 

York Corp., York, Pa. (p. 4J) 

Young Radiator Co., Racine, Wis. (p. .'/) 


r.ONDENSERS, ATMOSPHERIC 


lYane Co., 83b Michigan Ave., Chicago 5. 111. 

(p. lu.'*) 

Frick Co., Waynesboro, Pa. (p. oJ] 

(lay Engrg. Co., 2739 E. llth St., I.ob Angeles 23, Cal. 
kuhlenberger Engrg. Cnrp., IbOO W. Cunimon- 
wealth, Fullerton, Cal. Ip. S.'‘) 

Lehigh Fan & Blower Co., 128 Linden St., Allentown, Pa 
Nootcr Corp., 1429 S. 2rid St., St. Liiuis 4, Alii. 

Beco ProdvictB Div., Refrigeralioii Engrg. Corp., 2929 
Naudain SC, Pliila. 49, Pa. 

I Roefising Mfg. Co., Sharpaburg Sta., Pittsburgh, Pa. 
Siewurt Ice Tlliiehino Co., 1282 WC lat St., Poinuiia, Cal. 
Siiper-f^idd Corp., 1920 E. 5.9th St., Lob AngeleM 1, ('ul. 
Trane Co., La Crosse, Wls. \p. 7/iV) 

Vllter Mfg. Co., 2224 S. Isi St., Milwaukee 7, Wls. 

ip. sd) 

Worthington Pump & Machinery Cnrp., Harrison, 
N.J. ip. J44) 

• York Corp., York, Pa. (p. -72) 
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MCCORD Refrigeration 
and Air Conditioning Products 


backed by 42 YEARS of 
Heat Transter Experience 


Rouna apiM*‘'‘ 

«„ typ. 

rtfrigerotio"- 

t . \\V\\\VW^'' ^ , 


Cona*ni.ri<"“'j2^^^ 

rwpV"---- I 


• Heot X'""*' 

A P'O"**' y „„K»anaing 
(er InOustry, ,,om 

deverop"*®" * , fig,. Bath »p'' 

fAcCora lobe' ,urfocei 

'* r rfoces are aes.gnad 

. 

quireme" , ,siM“'®'’"'' 

aTea..ra"®‘®' 

.nanentyafr".® a„,„puia- 

tapocilyWa' ^^^j.g„gi. 

tionby5P»''tV' 9 rfoce. 

neerea h-* 

mrtDRD 

URCOHDITIOHlNtHWORJlO" 

«ilifotoireonaMten- 
ing,an9*"^ , 

trorwfar rag«l»maBh. 
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r:OND£NSERS, flARBON DIOXIDK 

Driyle & Rnch Mfi;. I^ik, FiiiU 2.^rd Sr., Hrimklyii .42, 

N.Y. (/). St) 

Frirk C»., WayncHbnrn, l*a. (/>. ,7/) 

tiny I’n^rK- Co., 2730 E. lllh ,SL, Edh AiiK‘'lf*8 2.3, Cal. 
SuniT-f’iilii Cfirp., 1020 E. rilMli Si.. I.dh AtiK[*li‘n 1, I'lil. 
Vlller Mfft. Co., 2224 S. Ini Sc., Milwaukee 7. WU. 

ip. SS) 

Whitlock Mfn. Co.. Drawer .300, liarlford J, Ct.. 
Witterinieicr Machinery Oi., B.'iO N. Spauldiiiic Ave.. Clii- 
caKO Fil, Til. 

Worthlnfttiin Pump & Machinery l^orp., Harrison, 
N.J. fji. 144) 

York Corp., York, Pa. (yi. .7i?) 


CONDENSERS, COMBINATION AIR fli WATER 
COOLED 

llallimore Alrirnll Co., Inc., 2511 PeiiiiNylvania Avt*., 
Balrlmore 17, Mil 1/^. U/i] 

(Carrier Corp., 302 S. CeddeH St., Syracuse I, N.Y. 

fyj. 

Drayer-ITariHiin, luc., 3301 Medfiml St., Loh .Angeles 33) 
Ciil. 

h'.vaiis Mfg, Corp., 4(10 S. lOtli Avi*.., ML. Vernim, N-A'. 
Cay Eiigrg. i:o., 27.30 TO. lJ(h St., i.os Angelefi 23, Cal. 
Harry Coollii{l I'nwers, Inc., Wesl St., Dnylestown, 
Pa. iP. 74) 

lleai-X-Chun(ler Co., Inc., Brewster, N.Y. fp. t;Hi) 
Long Mfg. Div., Jlorg-VV'arner f^orp., 12.501 niM|uiiulre 
St., Detmil. 12, Midi. 

Mills Intluslries, Inc., 4100 W. Fullerton Ave., Chi¬ 
cago 31, 111. (p. ii.i) 

Nooter Corp., M2(j S. 2nd St.. St. Ijonis 4. Mo, 
KeTrltLerailon Eni^rU., Inc., 72,50 K. Slaiison Ave., Los 
Angeles 22, (htl. i/i. I!H>) 

Siipi-r ( iild Ciirp,, 102(1 1C. .'i'.llli Si.. ],iih Aiigelis 1. r’al. 
Stnndard llerrigeratiiin Co., 332 S. IJovne Ave., Chicago 
20, 111, 

B. F. Sturlevant Div., Westindhouse I'.lec. Corp., 101 
Readvllle St., Boston 3(i, Mass. (yi. 

'I'rane (io., La Crosse, Wls. (/> IIS) 

York Corp., York, Pa. [p. .hJ) 


r.'ONOENSEHS, DOUBLE PIPE 

t'lilifornia Sti‘id rriKlucts Co., Harndt tk “A” Sts.. Hich- 
inoiid, I'al. 

Carrier Corp., 302 S. Cedtles St., Syracuse I, N.Y. 

[p. Jil) 

Creamery Packaile Mfd. Co., 1243 W. Washinaton 
lllvd., Chicatlii IB. (p. 4H) 

Doyle & Roth Mfft. (ht.. Foot 2.4rd Si., Brooklyn 32, 

N.Y. ip. ill) 

l^rlck Co., Waynesboro, Pa. (p. ,7/) 

fiiiy Eiigrg. Co.. 2730 TO. 11th St., IjOb Angdi'B 23, Cal. 
L. O. lujveo A Itrn., Iiu ., .Icrst-y (!ity 7, N.J. 

Nooter CUirp., J42Li H. 2iid St., St, Tiimis 4. Mo. 
Patlerson-Kelley l7o., Inc., E. Stroiidsburii, Pa. 

(p. 7,S) 

Hl' 1'0 1‘rodiir.ts Div.. lldrigiTiiiion I'^ngrg. Corp., 2020 
'Naiidaiii Si-., IMiihi. 411. I’a. 
lUonpe Co., 340 N, Sarramenti) Blvd., Chicago 12, 111. 
IlneBsing Mfg. Co., Sharpshurg Stii., ritlshurgh. Pa. 
Stewart fee Maeliine Co., 12H2 W. IsL St., Pomona. Cal. 
SuiKT-Cnld Corp., 1020 E. riDlli St.. Eos AMirili-.s |. Cal. 
Vllter Mfft. Co., 2224 S. Ist St.. Milwaukee 7, Wls. 

(p. SS) 

Whitlock Mfg. ('n., DrawiT 3!10, Tliirtford 1, Cl. 
Wittenmi'ier Machinery l.’o., 850 N. Spaulding .Ave., Chi¬ 
cago 51, 111. 

Worth I ml tun Pump & Machinery Corp., Harrison, 
N.J. [p, 144) 

York Chirp., York, Pa. (p .ij?) 


CONDENSERS, DOUBLE TUBE 


Baker Refrlilcratlon C^nrp., S. Windham, Me. 


fy*. (i.i) 

Currier Corp., 302 S. Ceddes St., Syracuse I, N.Y. 

(p. £7t) 

Doyle & Roth MftJt. Ihi., Foot 23rd St., Brooklyn 32, 
N.Y. -fp. SI) 

Drayer-flanBon, Ine., 3301 Medford St., T.oa Angeles 33, 
Cal. 

Frick Ud., Waynesboro, Pa. fp. .W) 

Gay Engrg. Co., 2730 IE 1 ll,h St., I.ob .AngdcB 23, Cal. 


(ieni-rul Ilefrigenitioii Div. Aates-A mriii-jiii Miii-liinr 
Ihi.. heloit. Win. 

Halstead fli Mitchell, Bessemer Bldft., Plttsbur(ih 22, 
Pa. (f]leaiiBble) fp .j/) 

Hcal-X-Chaii|Ler Co., Inc., Brewster, N.Y. ip. I^tn 
tluBSmann Refrlfteratlon, Inc., 2401 N. LefhniiiwBlI, 
St. Louis ft. Mo. (p. ,s'.^) 

Kelvlnator Div., Nasli-Kelvlnator Corp., 14250 
Plymouth Rd., Detroit, Mich. (p. ^i) 

McCord (mrp., Rlopelle & E. t.rand Blvd., Detroit 

11, Mich. [/». ■E'T) 

Nooter Corp., 1126 S. 2nd St.. St. Louis 4, Mn. 

lieco Produi’tH Div., Refrigeration Engrg. Corp., 2020 
Naudaiii St., Phila. 46, Pa. 

Hei'si* & IjOiig llefrigeriition I’rodui'.ls, fiie,. 1H!I1 1‘ark 
Ave., N.A'.IE 35 

Refrlyieratlun Enftrft., Inc., 7250 E. Slauson Are., Los 
Angeles, Cal. [p. ti)H) 

Rempe Co., 340 N. Sacrauienl o Itlvd., fhiicago 12. 111. 
Rome-'l'urney Radiator Im., Home, N.Y. fp. In.,) 

Standard Refrigeration Co., 332 S. Hoyne Ave., fhiicago 

12. Ill 

Stewart Ice MaeJiine Co., 1282 W. 1st St., Pninoiia. Cal. 
Siiper-f‘old Corp.. 1020 E. 50lli St., Edh Angi-leM 1, I'al. 
Whitlock Mfg. Cii,, Drawer 3!I0, llartrunl 1, 1.3. 
Worthington Pump & Machinery Corp., Harrison, 
N.J. (p. LLL 

York Corp., York, Pa. (p. .).:!) 


CONDENSERS, ELEC'ERIC (See CAPAlBTDRS) 


CONDENSERS, EVAPORATIVE (See EVAPORA 
TIVE CONDENSERS) 


CONDENSERS, SHELL & COIL 

Acme Industries, Inc., Mechanic Ai Ijiiiison Sts., 
Jackson, Mich. (p. 2 //} 

Riehard M. Aiiiistrong I'o., Ilu.v 18H, W. I'lieHler, La. 
Bell Ai Gossett Co., H20U Austin Ave., Mortiin (irove, 
111. Ip.^'run 

Carrier Corp., 302 S. Geddes St., Syracuse 1, N.Y. 

iv. 

Cridl Reynolds Englg Co liir., 17 John Si, N.V.f'. 

Curtis Refr libera ting Machine Div., Curtis Mf|i. Co., 
1141 Klenleln Ave., St. Louis 20, Mo. (p. 7) 

Doyle & Roth Mfl». Co., Foot 23rd St., Brooklyn .42, 

N.Y. \p. sn 

Draycr-llnnaon, Inc., 3301 Medford St., liOS .Aiigi les 33. 

Cal. 

Jnhii ,1. DupuB Co., Germantown, U. 

Frick Co., Waynesboro, Pa. (p. 7/) 

Gay Engrg. Co., 2730 E. llLh St., I.ob Angeles 23, Cal. 
General Elec. Co., Air CDiidltionlng Dept., 5 Law¬ 
rence Sc, Bloomfield, N.J. (/>. ;2.'0 

Heat-X-(7hanitcr Co., Inc., Brewster, N.Y. Ip 
Howe Ice Machine Co., 2825 Montrose Ave., Chicago 

IH, 111. (;>. 4fi) 

Kelvlnator Div., Nash-Kelvlnator Corp., 14250 

Plymouth Rd., Detroit, Midi. fp. 

Kohlenberj>er Enilrg. Corp., IbOO W. Common¬ 
wealth, Fullerton, Cal. [p.Sin 

T.. O. Koveii A Pro., Inc., 154 Ogden Ave., Jersey Cil v 7, 
N.J. 

Kramer Trenton Cn., Dlden Ac Bruenlng Aves., 
Trenton 5, N.J. (p. 7.'>.7) 

Lehigh Mfg. Co., Lancaster, Pa. ly]. -T’n 

Lung Mfg, Div., Borg-Warner Curp., 12501 Deiiuindre 
St., Detroit 12, Mich. 

McCord Corp., Rlopelle Ai E. Grand Blvd., Delrolt 

II, Mich. (y». J.7J 

Neviiiger Mfg. Co.. Grei“iiville, Ill. 

Nooter l^orp., 1426 S. 2iid St., St. Louis 4, Mo. 
Patterson-Kelley Co., Inc., E. Stroudsburg, Pa. 

(p. .7,hi 

Reco Products Div., Uefrigcratirjn Engrg. (!orp., 2020 
Naudain St., Phila. 46, Pa. 

Refrigeration Economics Co., Inc., 1231 E. Tuscara¬ 
was St., Clanton 4, O. [p. IH7) 

Reliance Relrigeraiiiig MaL-liinc C.'o.,340l N, Keilzie .Ave., 
Chicago 18, 111. 

Rcnipe Co., 340 N. Sacramento Blvd., (3iicago 12, III. 
Edw. n enneburg A Sons C'u., 2633 Boston St., Ball-imore 
24. Md. 

lioessiiig Mfg. Co., Sharpshurg Sta., Filtsburgh, Pa. 
Rome-Turney Radiator C]d., Rome, N.Y. (p. ll>.7) 

( Conti nurd) 
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IN SERVICE 
IN QUALITY 


4jaUt^a.<l & Aiitckell 

CLEANABLE 

- CONDENSERS 



CounlBr- RsW 


dkss 1)1 uhoSL LDiidinsiri^ iiiui \ ou bu\ 
III in\ siZL fi [)ni ' 1 tilt iiiigli 2 *) H P —i nui hist 
tkiii.inJ IS tn insist th.ii it hav l a CLI A\AULT 
Nsarir-iDiilLtl cuiiJunsLi It Ltists no mou orii; 

aiul tMl .uIiIlJ advaiuaE'Li in Imi^ii iik 
and miiiL lIIililhi slimll Laii l bi iiMrlmikid 
\omirrLi how jiooi thi waiLi Londinmis and 
no inartLi how lon^ tliL slimll ot tht unit 
you tan always touiit on iLstoiiiig iiLw-unii 


JOBBERS in all principal cihes 
carry HM condensers in slock 
for immsdiole delivery 


LlliLiLiiLS b\ ilu soiipk usL of 1 sjiii il ikanini^ 
lool whuh will iliDi oui^hli iliiiom N/uhtni 
or//) ill tlu h.tiinlul loiiosi\l iiiaiLiiil ihai 
ini^ht aLLUmiilatL on lIil waiLi rube iniLiioi'' 
You ikllIii [ sLttlL loi Ilss ioi almost all k 111 I 
niaiiufaLiiii LI s aiL i ll o^ni/in i' ihi aiK iiuai^LS 
of Lkaiiabilitv -and aiL Liiuippini; iIilm units 
aLLOi d iii^l> in /// si/Ls 

Capaciiy RangL Vj through 23-tDn. 



SEND FDR DESCRIPf/VE LITERATURE 
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The Patterson-Kelley Company, Inc. 


101 Burson Street 

New Yoik 17 
101 Paik A\enuL 

Philadelphia 1 
1700 Walnut Stieet 


East Stroudsburg, Pa. 

Boston 16 

96A Huntington Avenue 
Chicago 4 

Railway Exchange Building 


_ Rcpt v'icnfainc'i in Pi mcipnl Ctfirs _ 

|»-lc Heal Exchangers for Heating, Air Conditioning and Refrigeration Service 
Hot WatLi Storage Heateis — Instantaneous Hcateis — ConvirLois — Fuel Oil 
Heaters — Freon Cooleis — Condtiispis — Balann Loadtis— Intcichangcis — 
Suction Line Exchangeis — Slug Eliminatois — Cooleis for Watci, Bunt and 
other Liquids 

Since 1880, |l-lc has designed, cnginLLitd and fabiicatcd hiat tiansfci equip 
ment to meet industries’ most exacting icquii ements Wi aie piLpaitd to iLcom- 
mend and design exchangers for an conditioning, iefrigiiation, pioccss and 
industrial cooling applications 


C- 



|i k Iicun 12 I in Tube Condensci 







|l ll Freon Cooler (Dry Ex| in ion J>pc) 2 cii cuit con ^ ^ 
htructi[n All |i Ic Ci km luilt in HLcordance \iMth thi 
A S M E Code Par U 69 for unbred prLhsurc vessels *2" 



w 






\ qS® \ 

' . - V 




CataloB numbir lOl contains 1 
charts ml complete datn 
amII cnal le m u to seket the ( 
^\hiLh LXttLtly meets yuur 


1141 Freon Could (Diy Expansion Type) 3 ciicuit 
construction for 200-ton refrigeration capacity 
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( fedders ) 


ENGINEERING AND PRODUCTION SERVICE TO 
MANUFACTURERS, JOBBERS, DISTRIBUTORS, 

DEALERS AND SERVICE MEN 



UNIT COOLERS 

Suspended and panel types 
featuring rust proof cabi- 
neis, high efficiency, thor¬ 
oughly dehydrated cooling 
elements and quiet fans. 
Heat exchanger on all but 
small sizes. 



AIR CONDITIONERS 

Window and console types 
. . . Vj ton to Wi ton. 



WATER COOIERS 

Bottle, bubbler, air cooled, 
water cooled and explosion- 
proof models. 



SUPER HEAT THERMOMETERS 

For accurate setting of con¬ 
trols of refrigeration and air 
conditioning systems. 



CONDENSERS 

Air cooled finned condensers 
for standard equipment and re¬ 
placement use on household, 
commercial, low temperature 
and air conditioning units. 
Single and multiple row con¬ 
tinuous tube and manifolded 
types. 


Write for Bulletins on Fedders Products 


FEDDERS-QUIGAN 

CORPORATION 

57 TONAWANDA STREET . BUFFALO 7, NEW YORK 
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CONIIENSEKS, SHELL Hl COIL (Continued) 

Standard Refriseration Co., 332 9. Hnyne Ave., CliiRaRO 
12. Ill. 

Stewart Icc Machine Co., 12B2 W. let St., Fomona, Cal. 
B. F. Sturtevant DIv., Weatlndhuuse Elec. Co., 101 
Rendvllle St., Boaton 36, MBaa. (p. ^ 3 ) 

iSuper-Cnld Corp., 1020 E. fi.^tli Ht-, TjOB AurpIhh 1, Ciil. 
Trane Co., La Croaoe, Wla. (p. IIS) 

Typhoon Air ConditioninR Co., Inc., Div. of Ice Air 
ConditioninR Co., Inc., 704 Union St., Brooklyn 15 
N.Y. 

Vllter MfS. Cd., 2223 S. lat St., Milwaukee 7, Wla. 

^ (p. 33) 

Whitlock Mfg. Co., Drawer 390, Hartford 1, Ct. 
Worthington Pump & Machinery Corp., Harrlaon, 
N.J. ip. lU) 

X.Ii RefrigeratinR Co., 1834 W. SOth St., Chicaeo 36, III. 
York Corp., York, Pa. ip. G2) 


CONDENSERS. SHELL & TUBE 

Acme Induatrlea, Inc., Mechanic Ik Ganaon Sta., 
Jackaon, Mich. ip. 211) 

Allia-ChalnierH MIr. Go., Milwaukee 1, Wia. 

Richard M. AriiiBtroiiR Cn., Box 188, W. Clieattr, Pii. 
Baker Refrigeration Corp., Inc., S. Windham, Me. 

(7»- r>3) 

Bell & Ijuaactl Cii., 8200 Auatln Ave., Mnrtiin Grove, 
111 . ip. 2m)) 

Carrier Corp., 302 S. Geddea St., Syracuae 1, N.Y. 

(P- 

Oeamery Package Mfg. Co., 1243 W. Washington 
Blvd., Chicago 7, 111. (p. /fD) 

Croll-lleyiHildB Eiirtr. Co., 17 John St., N.Y.C. 

Curtla Refrigerating Machine Div,, Curtla Mfg. Co., 
1949 Klenleln Ave., St. Loula 20, Mn. (p. 7) 
Davie EiiRtR. Corp., 1064 1C. Grand St., Elizabeth 4, N.J. 
Derach, GcaHWcln & Neuert, Inc., 4845 W. Grand 

Ave., Chicago 39, 111. ip. 4f!) 

Dciylc & Roth Mfg. Co., Foul 23rd St., Brooklyn 32, 
N.Y. (P. 31) 

Drayer-Haiieon, Irir., 3301 Medford St., Lna Angelee 33, 
Cai. 

.Tiihn J. DiipiiH f'‘ii., nermantown, O, 

Fnetcr Whoelor Corp., 105 Broadway, N.Y.C, 

Frick Co., Wayneaboro, Pa. (p. Gl) 

Ciay EiiErg. Co., 2730 E. llth St., Loe Angclce 23, Cal. 
General Elec. Co., Air Conditioning Dept., 5 Law¬ 
rence St., Bloomlield, N.H. ip. 23) 

Howe Ice Machine Co., 2825 Mniitroae Ave., Chicago 
18, III. ip. 43) 

Knhlenberger Engrg. Corp., IbOO W. Common¬ 
wealth, Fullerton, Cal. (p. 33) 

Kramcr-Trenton Co., Ulden & Breunlng Avea., 

Trenton 5, N.J. (p. 135) 

IvchiKh Kan iSc Blower Co., Div. of Heilman Boiler Wka., 
Inc., 128 Linden St., Allentown, Pa. 

Lumniua Co., 420 Lexington Ave., N.Y.C. 

Niiiiiiiial IlrfriKeriitiirB (h)., H27 Ivoelii Ave., SI. Loiiin, 
M [». 

NeviiiKer Mfg. fh)., CreLMiville. III. 

Nooter fyorp., 1420 S. 2iid St., St. Louie 4, Mn. 

Patteraon-Kelley Co., Inc., E. Stroudaburg, Pa. 

(p. 5S) 

(Quaker City Iron Wke.. .^rnmiiigi) Ave. A: E. Tioga St., 
Philii.,Pa. 

11 ODD Produota Div., Kefrigeration Engrg. Corp., 2020 
Naudaiii St., Pliilu. 46, Pa. 

Refrigeration Economlca Co., Inc., 1231 E. Tuaca- 
rawaa St., Canton 4 , O. (p. 137) 

UeliancB Refrigerating Machine Co., 3401 N. Kedzie Ave. 
Chicago IS. III. 

Reynolda MIg. Co.. Inc., Springheld, Mo. 

Richmond Engrg. Co., Inc., 7th A Hospital Sts., Rich¬ 
mond ID, Va. 

Robb Heater A Mfg. Co., Div. of American Radiator A 
Standard Sanitary Corn., Buffalo 13, N.Y. 
Southweatern Engrg. Co., 48Gi0 Santa Fe Ave., Loe Aiige- 
lea 11, Cal. 

Standard Refrigeration Cn., 332 B. Hoyne Ave., Chicago 
12. III. 

Stewart Ice Machine Co., 1282 W. Ist St., Pomona, Cal. 
B. F. Sturtevant Div., WeatinghouHe Elec. Corp., 101 
Readvllle St., Boaton 36, Maaa. (p. 25) 

Super-Cold Corp., 1020 E. ,59lh St., Ijor .Angelen 1, Cal. 
Trane Go., La Croaae, Wla. (p. IIS) 
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U. S. Air Conditioning Corp., Como Ave. S.E. at 
33rd, Mlnneapolla 14, Minn. (p. 37 ] 

Vllter Mfg. Co., 2224 S. let St., Milwaukee 7 Wla. 

ip. 33) 

Henry Vogt Machine Co., 10th A Ormsby St., Louisville 
10, Ky. 

WoBtinghouHC Eli*r. Cnrp., Box 7348, S. Philjidcl- 

pliiiL I, Pa. 

Whitlock Mfg. Cn., 81 South St., Hartford U), Vi. 

Wittenliieier Machinery Co., 860 N. Spaulding Ave., Chi¬ 
cago 61, 111. 

Worthington Pump & Machinery Corp., UarrlHon, 
N.J. (p. 144) 

XL Refrigerating Cn.. 1834 W. ,59th St., Cliiiugo 3(i, HI 

York Corp., York, Pa. (p. 52 ) 


CONDENSING UNITS, AIR COOLED, FREON & 
METHYL 

Alrtemp Div., Chrysler Corp., 160D Webster, Dayton 
1, O. ip. 13) 

Baker Refrigeration Corp., S. Windham, Me. 

ip. 03) 

BlissEeld Mfg. Cn., 626 Depot St_, BlissEeld, Mich. 

Brunner Mfg. Co., Utica 1 , N.Y. (p. 4S) 

Carrier Corp., 302 S. Ceddes St., Syracuse 1, N.Y. 

(p. 25) 

Copeland Refrigeration Corp., Sidney, O. (p. 05) 

Creamery Package Mfg. Co., 1243 W. Washington 
Blvd.. Chldagn 7, III. (p. 7,3) 

Crider Corp., 2216 Northland, Tiakcwood, O. 

Curtis Refrigerating Machine Div., Curtis Mfg. Co., 
1949 Klenleln Ave., St. Louis 20, Mu. (p. 7) 

Direler Div., General Maeliine A Mfg. Cn., Hlair St. A 
Spring Garden Ave., Berwick, Pa. 

Frick Go., Waynesboro, Pa. (p. 51) 

Frlgldalrc Div., Gen’I. Motors Corp., Dayton 1, O. 

(p. n) 

General Elec. Ihk., Air fhmdltlonlng Dept., 5 Law¬ 
rence St., Bloomfield, N.J. [p. 2 .<>) 

Geiii'ral B.i‘frigi‘ratinn Div., Yati-s-.\nir’rii'(i.ii M.irliiiir 
hcinit, Win. 

C. V. Hill A Cn., Jni-., 3611 I'niiningttjn .Xve., 'rnnilnn 1, 

N..J. 

Howe Ice Machine Go., 2825 Montrose Ave., fyhicugo 


18, III. (p. 40) 

Hussmann Refrigeration, Inc., 2401 N. Leifingwell, 
St. Louis 6, Mo. (p. 33) 

Kelvlnator Div., Nash-Kelvlnator fiorp., 14250 
Plymouth Rd., Detroit, Mich. (p. £ 1 ) 

Kohlenberger Engrg. Gorp., 1600 W. Common¬ 
wealth, Fullerton, Cal. fp. 33) 

Lehigh Mfg. Co., Div. of Lehigh Foundries, Inc., 143 
Fountain Ave., Lancaster, Pa. (p. 50) 

L5rnch Mfg. Corp., 3GDO Summit St., Tolcdn 1. f). 

Mills Industries, Inc., 4100 W. Fullerton Ave., Chi¬ 
cago 39, HI. ip. 53) 


Reliance Refrigerating Manhiiip C'n., 3401 N. Kedzie Ave.. 
Chicago IB, 111. 

Servel, Inc., Evansville 20. InJ. 

B. F. Sturtevant Div., Westlnghouse Elec. Corp., lOl 
Readvllle St., Boston 36, Mass. [p. 23) 

Super-Cnid Corp., 1020 E. 5!)th St., Los Angflfs 1, Cal. 
Tecumseh Products Co., Tecumaeh, Mich. fp. 01) 
Trane Co., La Crosse, Wis. fp. US) 

Universal Cooler Div., 'I'ccumseh l*rodiictN Corp., 
299 Joseph Si., Marion. D. fn. 01) 

Vllter Mfg. Co., 2224 S. Ist St., Milwaukee 7, Wis. 

ip. S3) 

Worthington Pump & Machinery (yorp.. Harrison, 
N.J. . (p- 144) 

XL Refrigerating Co.. 1831 W. 59th St., Cyliiragn 36, III. 
York Corp., York, Pa. fp. 52) 


CONDENSINC UNII'S. AMMONIA 

Baker Refrigeration ('orp., S. Windham, Me. 

ip. o.i) 

(Carrier l^orp., 302 S. Ceddes St., Syracuse 1, N.Y. 

ip. 25) 

Creamery Package Mfg. (]o. 1243 W. Washington 
Blvd., Chicago 7, Ill. (p. 43) 

Cyclops Iron Wks., 837 P'olaom St., San Francisco 7, Cal. 

( Continurd) 
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TWO OIITSTANDIIVG NAMES 

JVofT combined to offer the refrigeration 
induHtry the wnottt eompiete iine of compw^ttsore 
and condensing units avaiiahie, 

(Enll mnRe si sIzm h.p.) 

★ TECUMSEH PRODUCTS j ★ UNIVERSAL COOLER 
COMPANY I DIVISION 

TrrI »• Muri,.„ Ol.i„ 

. .mils Iron. 1/6 H.P. I» 1/2 H.l*! unii'rV'I."‘i'“l'" “ll 

.....nmiivernionol rnmprmors from 1/6 H.l>. | from l/H ll.l’;] );2 H.IV ” 

sinfilp. . —^ ^ \ 

cnmpressuT f 


‘ 1 I i/9 /../I. 

G , V i'omprpssor 

i/:i h.p. . .1 

ffjrif/pn.sm/f ^ 

unit ^ ^ 


I / 


rile Tei-iiitiiseli line of lieniielii'i^ Ikis Joiip been 
kiiinvn ill ihe refriperiitioii imiu.siry fur tle- 
peiidabJe, IniubJe-free perfiiriiuiiire. Over H 
iiiilli iiri Teeuniseli eiiinpreii.siir.s lire now in 
iisi* in ilie field in freezers, lioiiseliold refrig- 
eralors. beverage coolers, wilier coolers, etc. 
Three oiil of four compressors, condeiisiiif; 
unils and systems purchased by iiianufaclurers 
in I'JfiO for incorporation in refri(;eralin|; 
eifiiipment were built by Tecuiiiseb. 



J/5 k.p. 

r/o.se 
coupled 


V , 

-r 


1 


i-.,.., 'l u 


1/2 h.p. 
rewiofp 
base 


15 h.p. 

M)ri/er cooled 


The Universal Cooler line of compressors 
and condensiii|i; units has been serving ibe 
refri|;eralion industry for 29 years. Willi a 
full range of sizes up lo l.'i H.P., ibe Univer¬ 
sal Cooler Division can supply a condensing 
unit for any appliealion. 


This cornbinalinn of two outstanding names in the refrigeration industry is able 
to offer manufacturers and jobbers the most complete line, with respeii lo sizes 
and models, of conventional compressors and rondensing unils of any line in the 
industry. 

Complete dala on these Teriimseli and Universal Cooler units is available 
on request. Write today for sperificaiions on the type and size unit you require 
in your particular application. 


Depl. A-1 

TECUMSEH PRODUCTS 
COMPANY 

TECUMSEH, MICH. 
EXPORT DEPARTMENT; 211 



WOODWARD 


Dept. A-2 

UNIVERSAL COOLER 
DIVISION 

MARION, OHIO 

VE., DETROIT I, MICH. 
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fJONirBNSINr; units, ammonia (Unntinui:!!) 

Dersch, Geuweln & Neucrt, Inc., 4tt45 W. Grand 
Ave., Ghlcagn 39, III. (p. /,(J) 

Frick Go., Wayneaboru, Pa. (p. .'ij) 

GmtBral UcfriKeration Div., ^ uIph Aiiu^ririin Macliini' 
T/ij., Hnloii, Wis. 

IIdwb Icb Machine Cn., 2B25 Muntroae Ave., GhlcagD 
IB, 111. iv. 40) 

Kohlenberger Kngrg. Gnrp., KiOO W. (.'ommun- 
wealth, Fullerton, (^al. (yj. H.'J} 

1ie[:D ProductH Div., Ilerrinyrrulion En^rK- C'urp., 2U20 
Naudain St., Philii. 40 Pa. 

Ilelianr.c RefriRuratiiiK Mueliinc Co.,34Ul N, Kedzie Ave., 
ChitgiRD IB, Ill. 

rieyiioIdB MIr. Co., Inc., SpriiiRficld, Mo. 

Stewart Ice Machine Co.. 1282 W. let St., Pomona, Cal. 

Vllter Mfg. Co., 2224 S. let St., Milwaukee 7, WU. 

iv. 

Henry Vogt Mnchino Co., IDth A; Ormsby Bt., Louiaville 
10. Ky. 

Worthington Pump & Machinery Gorp., llarrleun, 
N.J. (p. 144) 

Xli RefrijKcratiiiR Co., 1834 W. 5Dth St., Chir.aRo 3G, 111. 

York Gnrp., York, Pa. (p. oj!) 


GONDENSING UNITS, CENTRIFUGAL 

Carrier Corp., 302 S. Geddcs St., Syracuse 1, N.Y. 

(P. iJ.D 

I'rane t'.ii.. La CrriNHe, Wis. ii>. JIS) 

Worthington Pump & Machinery Gorp., llarrionn, 
N.J. ip 144) 

York Gorp., York, Pa. (p. .'7,i0 


GUNDENSING UNITS. GASOLINE DRIVEN 
Brunner Mffg. Go., Utica I, N.Y- (p. 4^') 


Curtis Refrigerating Machine Dlv., Curtis Mfg. G>i. 

1949 Klenlen Ave., St. Louis 20, Mn. (p. ?) 
Lehigh Mfg. Gn., Lancaster, Pa. (/j. r>tt) 

Ready-Power Go., 11231 Freud Ave., Detroit 14, 
Mich. (p_ nv) 

llccD Products Div.. RefriKBralioii EngrR. Cnrp., 2021) 
Naudain Ht., Pliila. 40, Pa. 

.Sterling Mfg. Co., 2523 Fariiam SI.., Omaha, Neb. 
Universal Ihmler Dlv., Tecumseh Products (]nrp., 
299 Joseph St., Marlon, O. (p. fii] 

XL Refrigerating Co., 1834 W. 50th St., Chicago 3(i, 111. 


GONDENSING UNITS, HERMETIC OR SEMI- 
HERMEl'IG, FREON & METHYL 

Alrtemp Dlv., Chrysler Corp., IfcDO Webster, Dayton 

1, D. in. Hi) 

American Commercial Eiiiiip. Co., 415n IToily Tviioll, I.oh 

Angeles 27, Cal. 

Gupelaiid Refrlgerntlon Gorp., Sydney, O. ip. cr.) 

Oider Corp., 22Hi Northland, Lakewood, 0. 

Frlgldalre Dlv., GcnT. Motors Gorp., Dayton 1, U. 

ip. 17) 

General Elec. f]n.. Air Conditioning Dept., .S Law¬ 
rence St., Bloomfield, N.J. (p. 

('. V. Ilillife Cl),, Inc., 3liU Ponninglrm AvP., Tri'iiliiii I, 
N.J. 

II owe Ice Machine Co., 2H25 Montrose Ave., (Jihago 
18, III. Ip. 4'<i 

Kelvlnator Div., Nash-Kelvlnator Corp., Hi.*!!) 

Plymouth Rd., Detroit, Mich. (p. .:^/i 

Lehigh Mfg. Co., Lancaster, Pa. (yi. nfn 

l,.ynch Corp., 31ilK) Summit Bt., Toledo I, 0. 

Mills Industries, Inc., 41110 W. Fullerton Ave., Chi¬ 
cago 39, 111. (p. /i.'l) 

Scrvel, Inc., Evansville 20, Ind. 

B. F. Sturtcvaiit Dlv., Westlnghouse Elec. Co., 101 
Readvllle St., Dost on 3fi, Mass. (p. ..'.‘i) 

Tecujnseh Products Co., 'I'ecumseh, Mich. (p. <//) 
Worthingl ini Pump & Machinery (3>rp., Ilarrisnn, 
N.J. Ip. /;4..i 

Universal Cooler Dlv., 'I'ecumseli Prodiicls Div., 
299 Joseph St., Marinit, D. Ijj.iHi 

York Gorp., York, Pa. (/>. 


READY-POWER 
ENGINED REFRIGERATION 

for Lowest Cost Air 
Conditioning and Refrigeration 



PoWBrsd by 
Induilrinl 
Enginsi Uiing 
GDiofinB 
Natural Gag 
BurnnB or 


For dependable air condi¬ 
tioning or refrigeration 
anywhere at lowest cost! 
Ideal for stationary, port¬ 
able or marine operation. 


Di’bib/ Pual 


THE READY-POWER CO. 

11231 FREUD AVE , DETROIT 14, MICHIGAN. 


GONDENSING UNI'I'S, IIOUSEIIOLD 

PliBshcld Mfg. f'l)., 021) Diipol St., RliBshKlil, Midi. 
Copeland Hefrlgerallon (jorn., Sidney, D. (p. O' V) 
Kelvliiatrir Dlv., Na.sh-Kelvlnator Gorp., 142!S(i 
Plymouth Rd., Detroit, Mich. (p. J/) 

Mills Industries, Inc., 4100 W. Fullerton Ave., Chi¬ 
cago 39, Ill. (y>.-7-^) 

Scrvel, Jnc., Eviinsville, Ind. 

Tecumseh Products Go., Tecumseh, Mich. (y). 67) 
Universal Cooler Dlv., 'I'ecumseli Products C.orp., 
299 Joseph St., Marlon, O. 


CONDENSING UNITS, PROPANE 

Carrier Gorp., 302 S. Geddes St., Syracuse 1, N.Y. 

(p. 2-7) 

Croll-Rnynolds ICngrg. Co., Iiir., 17 .lohn St., N.V.C. 

(Curtis Refrigerating Machine Dlv., Curds Mfg. Go., 
1949 Klenleln Ave., Si. Louis 20, Mo. (p. 7) 

ITnpftiie Development Corp., 41 Murray St.. N.Y.C. 7 

Ready-Power Go., 11231 Freud Ave., Detroit 14, 
Mich. (p. 67.) 

Worthington Pump & Machinery Corp., Harrison, 
N.J. ip. 144) 

CONDENSING UNITS, WATER COOLED, FREON 
& METHYL 

Alrlemp Div., li'hryslcr Gnrp., IbOO Webster, Dayton 
I, D. Ip. /PI 

Baker Refrigeration Gorp., S. Windham, Me. 

ip. ii.i) 

Brunner Mfg. Go., Utica 1, N.Y. (p. 4 ^) 

Carrier Corp., 302 S. Geddes St., Syracuse 1, N.Y. 

ip. i-7) 

Copeland Refrigeration Gorp., Sidney, O. (p. 6.7) 

Creamery Package Mfg. Go., 1243 W. Washington 
Blvd., Chicago 7, ifl. (p. 4 H) 

Curtis Refrigerating Machine Dlv., Curtis Mfg. Go., 
1949 Klenlen Ave., St. Louis 20, Mo. (p. 7) 


( Continued) 
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BAKER REFRIGERATION CORPORATION 

Air Conditioning • Refrigeration • Ammonia • Freon 



Baker Compressors, IVz to 
60 H.P., feature high effi¬ 
ciency at low operating 
coat. Timken bearings, 
forced feed lubrication, 
gear-type oil pump, positive 
shaft Seal promote long life. 



Baker Ammonia Compres¬ 
sors. 2 to 125 H.P.. can be 
supplied with capacity re¬ 
duction control down to 
33’/a %. Double suction con¬ 
trol for operation at two 
different temperatures is 
available on special order. 


. FREON- 

The Baker MRU'^Line 

Baker MRU equipment pro¬ 
vides over 1000 designs to 
match the machine exactly 
to requlremenls. From 5 to 
60 H.P. with capacity con¬ 
trol lor USB with shell and 
lube or evaporative con 
denser, or water tower. 


AMMONIA 



Baker Compressor Units. 2 
to 15 H.P.. feature auto¬ 
matic motor control with 
overload and low voltage 
protection. Complete Con¬ 
densing Units are also avail¬ 
able from 2 to 15 ton capaci¬ 
ties. ready for inslallalion. 



Baker Condensing Units. Vs 
to GO H.P., are engineered 
with matched components 
Id assure efficient, trouble- 
free operation for every 
application. Compressor 
Units, l*/z to GO H.P. 



Baker Booster Compressors 
for two stage operation on 
the low side in low temper¬ 
ature applications. Forced- 
feed lubrication and bal¬ 
anced fly wheel for "V" belt 
drive. Compact design re¬ 
quires a minimum of space. 



BAKERAIRE 

Delivers maximum 
cooling per H.P. input. 
Famous Baker open- 
type or hermetic com- 
presBoT in 3,5, 7 Vi and 
10 Ion capacities. 4- 
way air discharge, 
new Sphericoil con¬ 
denser, humidity con¬ 
trol, spring - mounted 
compressor. 


CENTRAL-AIR 

A complete unit air 
Conditioner in capaci- 
lies from 5 to 40 Ions 
with built-in evapora¬ 
tive condenser. Fac¬ 
tory assembled and 
tested, delivered ready 
to operate. Simplified 
installation keeps first 
cost low. Fully auto¬ 
matic controls. 

"Inf 



tnlianolly ballBr linca 1 905" 


PLUS.-. 

CondBiiSBri--evapDialive ui shell and lube, wide capacily range. 
Liquid ReCBivars —lor ammonia or Freon wilh positive liquid seal. 



Cooling Units—lor every requirement, for all refrigeranls. 
Valves and Fittings a complete line for all applications. 

Bakes RsIripesaliBn CarposelieB, South Windham. Maine 


r 

II CONDITIONING 
and lErilGEIATION 


0//lces, warehouses and parts depots In principal cllfes. 
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CONDENSING UNITS, WATER COOLED 
(Continued) 

Diceler Uiv., Dcnoral Machine & Mfg. Co., Blair St... dc 
Spring Garden Avc., Berwick, Pa. 

Frick Co., Wayneaboro, Pa. (/). fit) 

Frlgldalro Dlv., Gen’l. Motora Corn., Dayton 1, O. 

(p- /") 

General Elec. Co., Air Condltiunlnn Dept., 5 Law¬ 
rence St., Bloomfield, N.J. iv- 

f'i;iieriil Herrigeraiioii Div., ^’ati'S-Aiiu*rii-!iii Mui-liiiu- 
Co., lieloii, Wia. 

C. V. Hill & Co., Inc., 3UfJ Pcnninglon .\vc., Tnml.nii 1, 
N..I. 

Howe Ice Machine Co., 2825 Montrose Ave., Chicago 
18, Ill. (7>. 40) 

lIuHHmaiiii Refrigeration, Inc., 2401 N. Leffindwell, 
St. Loula G, Mo. (p. US) 

Kelvlnator Dlv., NaHh-Relvlnatur (]urp., 14250 

Plymouth Rd., Detroit, Mich. (ji. ^1) 

Kiihlenberger Eiigrg. Cn., 1600 W. Common¬ 
wealth, Fullerton, Cal. (p. •‘V'V) 

Lehigh Mfg. Co., Dlv. of Lehigh Foundries, Inc., 143 
Fountain Ave., Lancaster, Pa. (p. oO) 

Lynch Mfg. (Jorp., .'11100 Summit .St., 'J'ulfdo 1, O. 

Mills Inilusiries, Inc., 4100 W. Fullerton Ave., Chi¬ 
cago .39, III. (jK fiS) 

Ready-Ptiwcr Cu., 11231 Freud Avc., Detroit 14, 
Mich. ip. f;£) 

Rclianeu Refrigerating Machine f’o., 3401 N. Keizic 
Ave., Chieiigu IH, III. 

8chiiut;ki;, Inc., 1010 K. Ciiliimbia St., EvauBvilli! 7, Ind. 
Hcrvcl, Inc., Evansvilli; 20, liid. 

Ktewart leu Maehinu C-o., 1282 W. let St., Pomona, Cal. 
B. F. Sturtevant Div., Westlnghouse Elec. Cnrp., 
101 Keadvllle St., Boston 36, Mass. (]:). US) 

Trane Co., La Crosse, Wia. (p. IIS) 

Universal Cooler Dlv., 'reciiniseli Products Corp., 

299 Joseph SC, Marlon, D. ip. 07) 

Vilter Mfg. Co., 2224 S. 1st St., Milwaukee 7, Wls. 

ip. SS) 

Worthington Pump & Machinery (iorp., Harrison, 
N.J. [p. 144) 

.\Ii llerriguriitiiig C'li., 18.34 W ,'»!!(,h !St., Uhicagn 30. 111. 

York Corp., York, Pa. ip. fi.ii) 


1st hr 

vJroice AUTOIHIATIC 



G E N E R A L ^ C O N T R O L S 


Mamalatlurwri n/ tAuttmtalit PretJurr, I'rmprralur*, 

anj .yiint> tart I ratJ 

FACTORY BRANCHES: Ballimore 5, Birmingham 3, Bos- | 
Ion 1 6, BuFTolo 3, Chicago 5, Cincinnati 2, Cleveland 1 5, | 

Dallas 2, Denver 4, Delroil 21, Glendale 1, Houston 6, | 

Indianapolis 5, Kansas City 2, Minneapolis 2, Newark 6, 
New Yorh 17, Philadelphia 23, Pittsburgh 22, St. Lojis 
3, San Francisco 7, Seattle 1, Tulsa 6, Washington 6. 

DISTRIBUTORS IN PRINCIPAL CITIES 


CONDUIT, ELECTRICAL 

Aluminum Cd. uf Amuriua, PittHburgh Id, Fa. 

American Brass Co., Waterbury 20, Ct. (p. /.SVy) 
Capitol Mfg. & Supply Co.. 153 W. Fulton St., Cnlumbim 
O. 

Chiragn Mntnl HfJBu Corp., Maywood, TU. 

Cornish Wire f ji., Rutland, Vt. 

Guncral Eluc. Co., 1286 Boston Avu., Bridguport 2, (7. 
General Eluutric Co., 1 River Road. Suhenuuiady 6, N.V 
Johns-Manvllle, 22 E. 4Dtli St., N.Y.C. 16 (/j. jaf) 

National Elec. Products Corp. Chamber of (7jmmuru.(i 
Building, Pittsburgh 19, Pa. 

Republic Steel Corp., Steel & Tubes Div., 224 E. CJlst 
St., Cluvcland, O. 

Triangle Conduit A Cable Co., Ini:., New llruiiHwiiik 
NJ. 

Trumbull Elec. Mfg. Co., [)!)[) Woodford Ave., I’lainvilli- 
Ct. 

Youngstown Sheet A I’ube Co., YoungHlown, 1) 


CONDUIT SYSTEMS, INSULA'PED 

Durant liiBiilateil Pipe Cu., 1015 RunnymeadLi SL., I’. 
Pain Alt II. Cal. 

Ric-Wil Co., Union CuinmerL^u Bldg., Cleveland 14, (>. 


CONNECTING RODS 

Atlas Drop Furgu Co., 2011 W. Mt. Hope Ave., Lansing 2, 
Mich. 

Mui'.ller hruHH 1025 Laiu-i-r Avi-., Purl. Munui. Mii-li. 

Saginaw Malleable Iron Uiv., Gen’l. Motors f 'urp., Sagi¬ 
naw. Midi. 

J. II. Williams A Cu., 4fM) A'ulcan St., BulTulo 7. N.^'. 

CONNECTIONS, FLEXIBLE (See FIdCXIBLE CON¬ 
NECTIONS) 

CONNECTORS, WIRE 

Bueliaiian Eli*ir’l Prod. Corn., 225 Itoiili- 2!l, IlillMiilr 
NJ. 

Burke ICluc. Co., Erie, Pa. 

Chase Bra.ss & f'Diiper Cu., 2315 firanJ SL, VVaLeiTnir> (11, 
Cl. 

(Wirnisli Wire Co., Itiil.lanil, \ I. 

General Elec. Cn., 1 River Rd., Sclieiieelady .5, N.\' 

Ideal InilusirievS, Inc., .Sycainure, Ill. 

Itussell A Stull Co.. Inr.. 125 Bari-.lay St., ^■.^■.C, 

Seiivill Mfg. Cu.. til Mill St., VNaterbury 20. Ct. 

Soieng Mfg. Corp., 95.5.5 Eden Ave., Scliiller Park, III. 

CONTACTS, ELECTRICAL 

Baker & Co-, Inc., 113 Asinr St-, Newark 5, N..1. 

Funsteel Metallurgical Corp., North Chinagu, III. 

General loinlrul Cu., 1200 SulilierH Field I{.[1., Bustoii 34, 
Mass. 

(ieiieral I'Jei-trie 1 Rivi-r lid., Sr.lieiiertaily 5, N.^ 

General Plate Div., Metals A Contruls f lurp., Attiebum, 
Mass. 

Gibson Elce.. Co., 8350 Frankstown Avb., Pittsburgh 21, 
Pa. 

Handy A Harman, 82 Fulton St., N.V.C. 7 

P. R. Mallory A Co., Inc., 3020 E. Washington St., In- 
dpls, Ind. 

National Carbon Cu., Inn., Unit, uf Uniun Carbide A Car¬ 
bon Curp., 30 E. 42iid St., N.Y.C. 17 

Sciivill Mfg. Co., (51 Mill St.. Waterbury 20, (3. 

Trumbull Elec. Mfg. Co., 909 Wuodford Ave., Plaiiiville, 
Ct. 

WeRtiiigliriuHc Klee. Cnrp., Heaver, Pa. 

Westingliuuse Elec. Corp., 4454 Genesee St., Hullalu 5. 
N.V. 


CONTINUOUS FREEZERS (Sec FREEZERS) 


CONTROL SYS'rEMS FOR AIR CONDITIONINC A 
REFRICEHATION 

Bahnson C7i., lOtll ,S. Marshall St., Wiiistnn-Suli'iii, N.C. 
Barber-Colman Co., Rockford, Ill. 

Bristol Cu., Waterbury 20, Cl . 

Brown Instrument Co., Uiv. Miiineapolis-IIoneywcll 
Regulator Co., 4414 Wayne Ave., Phila. 44, Pa. 

( Cifntinued) 
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DEPENDABLE^EsMefrigeration 


V 


QUIET 

EFFICIENT 

ECONOMICAL 

RUGGED 


COPELAMETIC THE ACCESSIBLE HERMETIC 

AVAILABLE UP TO 7 Vi H P. 


Proved dependable in more than 
1,000,000 inslalialiuriN of all lypes, 
Copelainclic combines all the good 
points of upen-lype and welded-in 
units. IPs completely accessible in the 
field for adjustment and replacement 


.‘■'Jal rfy- 



of pans. Does away wiili belts, seals, 
manual oiling; provides extra econ¬ 
omy and prolectiori. (Jopelumelic units 
ran be used on any application now 
served by open units. 1/6 H.P. to 7*/2 
II.I*, inclusive. 

COPELAND OPEN-TYPE UNITS 

'ITirrr in :■ (luppliinil (iiii'n-lv||[^ uiiil In llip riirrctl 
hixe :iiirl ilirHiKn fur uny rrfri^i'^ruliun iihk. I'^iirh iinil 
in ■■uitipurl. Air-i-riitlril iniiilr'ln rruiii V| II.I*. 

ID :! II.e. inrliiHlvc. Wiili!r-ri>iileil iiiuiIi>Ih frum Vm 
II.P, Id 7'/■£ II.F. InrluHivi*. I'ur unlf-iMJnluiiieil in- 
HialluliiMi, lire ciimpncl niurlr.lM friini l/f> lu 

Vj li t*- 

iVtaniifaclurerb uf: Hofrigeratl iin IJnllB (Opan-Type 
and CDpelainellc I, Water CiJulen, HefrlHeralon. 



COPELAND REFRIGERATION CORPORATION • SIDNEY, OHIO 
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i:ONTHOL SYSTEMS (l^oiitiiiueJ) 

l‘'nlloii SylplifiTi niv., Htihcrl.slinw I'lilI itn I 'ltiilrulH f'u.- 
Kiiiixvilli' 4. 4'i'iiii. 

(ii‘iirr:i.l 101i*i;f,rii' Co., 1 IliviT lid., Srlifiici-I.july N.N’. 
.luhnnori ScTvice Cf)., 507 E, Micliijc^iii St., Milwaukei; 22, 
WiH. 

MlnneapoliB-HoneywEill Rci^ulator (oi., 2933-4lh 

Ave., S., MlnneapullH H, Minn. ( 7 >. (!7) 

ParkH-CramGr Co., Hox 444, Fitrdiburg, Mans. 

Tsiylur iTiBtruniunt Coa., !)5 Ahigh Ht., JliiGhirBtor 1, N Y 
Young Regulator Co., 6200 Euclid Avo., Clevrdaiirl 3, O. 


CONTROLS, OEEROSTINC; CYCLE (See aksii 
CONTROLS PHOl^HAMS; also IIMERS) 

Automatic Elec. IVlfg. l^).. If) Sljili* Si., Mankalti, IVlInn. 

Automatic Tcmperaturo Control f^u., Iiir., .5212 Piilaaki 
Avo., Philu. 44, Pa. 

Frlftldalre Ulv., fjen’I. MuInrN Ciirp., Dayton I, O. 

(p. 17) 

l{i*».':i!Hl rr Co., 2li2(l \\ . V\ .i.sliiiiKlno lilvd., 
f'liii-iigt. 12, III. 

P. Tl. Mullory & Co., Toi'.., 3020 E. Waaliioglon St., 
IriJpla., liid. 

MlnneapiillH-Huneywull Regulator Co., 2933-4th 
Avc., S., Mlnneapulls B, Minn. [p. h'.i) 

Paragon Elec. Co., lljU0-12th St., Two llivcrs, VVis. 

Penn Elec. Switch Co., Goshen, Inti. (p, *!.'■) 

Ran CO Inc., 601 W. 5th Avc., Columhu.s 1, O. 

(P. 

Sarco Co., Inc., 3.50-5th Avc., N.Y.C. 1 (p. fo;) 

Taylor Instniincnt Coh., 05 .Aiiich Si.. lioclichtor 1, N.Y. 

'Pork t^lock Un., Iiif; , 1 Crovi! St., Mt. Vernon, N.Y. 

WliiLir-HoilRcrH KIcc. f'n., 1200 Avo., St. TiOuis li. 

M D. 


CONTROLS, HIGH PRESSURE OR HH;II PRES¬ 
SURE CUTOU'I' 

(A—Ammonia; 11—Other rcfrigcranlH) 

(II) Alliiii-ltradley Co,, Milwaukee 4, Wia. 

|A,11) Drown InHtrumoiit C^n., Div. MiiineapoliB-IIoney- 
wt‘11 Regulator l-n.. 4414 W’a.viie Ave., Pliila. 44. Pa. 
(D) Cutler-Hammer Inc., ;H5 N. 12tli St., Milwaukee 1, 
Wie. 

(.A,11) Detniit Lulirioatnr (ni., riOOl) 'I'runibiill .Avo., Do- 
troit H, Mil'll. 

(D) Frlgldalrc Olv., Cien’L Mntnrs Corp., Oaylrin I, 

O. (p. 17) 

(A,H) Ifaminel-Dalil COi., 243 11 ieliiiinnii St.. TTovideiipe 
3,11.1. 

llayH Corp,, Micliigari City, liiil. 

ill) Kclvlnaliir Olv., NunIi-K civinal or Corp., 142.511 
Plymoulli Hil., Oetroil, Mich. [p Jl] 

f.A.U) Merenid Corp,, 42111 lloliniint .Avo., Cliieago41, Ill. 
(H) MlnneapollH-lInncywcll Regulator (ki., 2933-4th 
Ave., S., MlnncapullN B, Mliiii. (p. ii7) 

(A,B) Penn Elec. Switch Co., Goshen, Ind. fp. i!:>) 

(B) Raiico liiL'., 601 W. 5tli Ave., Columbus I, O. 

(A,II) IIerrifcerutiiif.' Spccinlities Co., 728 S. Saerauit-nLn 
Jilvd., t3iii'.|igo 12, III. 

(A,H) U. S. fTaugc, Div. of Amnrieaii Maidiine &, Metals, 
kScllersville, Pa. 

Wi'slingliouBi' Elee. Corp., 4451 fJeiicf»ee Si., JliilTalo 5. 
N.Y. 

(H) White-Rodgers I'jlee. Co., 1200 Case Avc., St. Loiiis li, 
Mo. 

York Corp., York, Pa. l/i 7i.;\ 


c:ONTROLS, HUMIDITY 

Ahbi'on Supply Co., 5K-10 41 nI. I )r . oodHnle, N.Y. 
Aoiericiin liietruini'iit Co., 8010 Crorgia .Avi*., .Silver 
Spring, Mil. 

IbihiisDn Co., 1001 S. Marshall St., Winston-Salem 7, N.C. 
Harber-Colmaii Co., Rockford, Ill. 

Bristol Co.. Wuterbury 20, C’t. 

Brown Instrument Co., Div. Miiiiieapolis-lloneywell 
Regulator Co., 4414 Wayne .Avc., Phila. 44, Pa 
Detroit Lubricator Co., 5900 Trumbull Avc., Detroit 8, 
Mich. 


Fij-xbnro Co., 38 Neponset Avc., Foxboro, Mass. 

Friez Instrument Div., Bendix Aviation f'orp., Taylor 
Ave. at Raven Blvd., I'ow.son, Baltiinon; 4. 

Md. 

.Tuhrison Service Co., 507 E. Michigan St,, Milwaukee 22 
Wis. 

MlnneapDlls-lloiieywell Regulator Co., 2933-4th 
Ave., S., Minneapolis B, Minn. (p. r;;) 

Parka-Cramer Co,, Box 444, Fitchburg, Maas, 

Penn Elec. Switch Co., Goshen, Ind. (p, r;.'/) 

SuprciiH- Eli'f. ProdiirlH Co., 194 A assar St.. RocIu mIitT 
NV 

'J'agliiibui' IriHlTuinciitH Div , V\'i*Hton Eli'clrii.'.al Iiintru- 
iiii'iil. f 'orp., 1114 FridingliiiyHi'ii Ave., Newark 5, N.,). 
Taylor liistrumcnt Coh., 95 .AincH St., UDcheater 1, N.^ . 
Walton TiuboralDries, Inc., llMli fJrnvi' Sf.. Irvington 1 I, 
N.J. 

Whit e-Rodgers Elec. Co., 120!) Caaa .Ave., St. Louis i; 
Mo 


CONTROLS, LIQUID LEVEL (See also FLOAI 
SWITCHES; also HIGHSIOE FLOAl’S; also 
LOWSIDE FLOATS, etc.) 

Alco Valve Co., 855 Klng.sland Ave., St. Loul.*: 5, Mo. 

(p. !Hi) 

Auioiiiatii- Teinperatun; (.'ootrol fo)., [lie., 5212 l^ilaski 
.Ave., Pliila. 44, Pa. 

Buile.v Meter Co., 1050 Ivanhoc Rd., ("levelaml 10, 0. 
Bristol Co., W'aierbiiry 20, Ct. 

Brown IiiBtrumeiit f'o., Div. MinneapoliB-lioneyw rII 
Regulator Co., 4414 Wayne, .Ave., I’hila. 44, Pa. 
Buildera-lVovirtciice, Inc., P.l). Box 1342 Providence I, 

III. 

Clark f/Oiitroller Co., 1140 E. 152nii SC, Cleveland 10, f). 

■ f'liiiiH.x Conirols Div. of Bliu'k, Sivalls tt Brysnii, hie., 
I 15 N. Ciiirinn:i.l i. Tulsa, Okla. 

I Defender Inatrumcnt, & Regulator Co., 815 tOark Ave., 

I St. TiOiiis 2. Mo. 

i I'Tiist Water Column it Cragi' (.'o., 2,50 S. LivingHtoii .Avi-., 
Livingaloii, N.,). 

Fischer it Porter Co., llatbnro. Pa. 

ro,sl.i'r Eiigrg. Co , .H35 Lehigh .Avi'., Ciiiioi, N.-f. 

Foxboro Co.. 38 Newpoiiscl .Ave., Foxboro, Mass. 

Frick fiO., Wiiynesbitro, Pa. (p. .W) 

lleiieial l.leetrii' Co., 1 River Ril., Srheneelluiy 5, N.\ , 
Hays Corp., Michigan City, Ind- 
Iiililre, li;c.. 27511 S. 1211i .Ave , 'ruesoii, ,Ariz. 

.Ill Ill'll Prinlue(,M, Ini'., 4840 Smilli SI. Louis, Chii'ago, 
III- 15 N. CiiiciniiMti, 'I'lilsa, Dkla. 

Johnson Service !!!□., 507 E. Michigan St., Milwaukee 22, 
Wis. 

Kclvlnutiir Div., Nash-Kelvlnatur Corp., 1425U 

Plyniouih Rd., Dctrnir, Mich. (p. 2/i 

Liiiuirlepth Indicators, liic., 42-2li-2Hth SI., Tiung Island 
Cilv I. N.A". 

MeDoiriiell it Miller, Ine.. ;{5m) N. Spaulding Ave.. 
f'liieago 18. 111. 

Masnn-Neihui Rcgulalor Co., llllll Ailani.s ,Sl .. Boston 24, 
M.'is.s, 

Mereijid Chirp., 4201 BL'linunt Ave., ("hicago 41, 111. 

I Mlinieapnlls-lloneywell Regulator Cn., 2933-4lh 
I Ave., 8., Minneapolis B, Minn. (p. 0’,') 

! Mueller Slcam Specially f.hj., Inc.. ■ll)-2f)-22nd St., Long 
I Island City 1. N.Y 

i Penn Elec. Switch (m., (.nsheii, Ind. (p. o/y) 

! IL A. Phillips Bt Go., 3255 W. Carroll Ave., fihicago 
I 24, III. ^ (p. 1 /,^) 

PliDtoBwiteh, Inc., 77 Broadway, Cambridge 42, Masa. 
i lleco Produi'.fa Div., Herrigeration Eiigrg. Corp., 2021) 
Nauiiain St.. Phila. 40, Pa. 

! Sarco Co., Inc., 350-5th Ave., N.Y.C. 1 (p. tti7) 

I Si'hadn A^alve Mfg. Co., 2527 N. Bodinc Si., Phila, 33. Pa. 

1 Soreng Mfg. Corp., 9555 Eden Ave., Schiller Park, ill. 

■ J'agliiibiiL' Jiifltruniciits Div., WcsI.on I'lei'lrical Instrii- 
j iiii'iil Corp., 1114 I'Yelinghuysen .Ave., Newark 5, N..I. 

'raylor Instrument Cna., 95 Ainea St., RochoBter 1, N.Y. 

I Temprltp Products Corp., !■.. Maple Kd., Hirmlng- 
ham, Mich. yp. SH) 

U. S. Gauge, Div, of American Maidiinc «t Metala, Sel- 
leraville. Pa. 

Vllter Mfg. Go., 2224 S. Ist St., Milwaukee 7, Wis. 

(p. .i.i) 

Wi-sliiighousi' Eh'i'. Corp., 4454 Ci'iii'see Si., Biilhilo 5, 

NY. 

York Corp., York, Pu. !/j. .j2i 
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FOR THE COMPLETE LINE OF 
AUTOMATIC CONTROLS 
THAT SERVES YOU BEST 



Frlgliiiul 







Lorker llitniii 
'riiermumeler 



'rriii |ii:riilurD 
Lunlrullprit 

L1iS() Kfiiiole llulli 
Tciiijicraiure Conlrol 
Ic-r. Slaiitlanl feariiiLS 
iiiclurJe laiiii)iTiirr.ii)f 
sliiirkl for external ail- 
Justiiieiit rlial; cnkl 
control; ailjuslakle dif- 
fereiilial; extra ter¬ 
minal for reverse ac¬ 
tion; accurately cali- 
lirateJ dial. 


MiiincuiiuliK-Hiineywcll, with iiiDrt* lliim 65 yfNU\*i dT kx- 
perienre, is bpsi prepared lo fill yniir eiirilrol needts. Muiiii- 
furlurers uf reeurderts, iiidiralor::, rimlrnllers, and .spei'ial 
eiiniriil panels for ciiiiinicrLial and iiiiliislrial rerrijj^eraliiiii. 

Friji^i.slal 

'J'A42()A- lilt! new linriz(ml.il ly])i*, siia]) ailiiij.; lliiTinnslat fin 
nitini Ifmiu ratiire ruiilri-l nl i L'l LTatiii^ sysUi’ai'^. l lurlzuiilal 
slylc iKMiiiils j^riMlLT iin*iilalii»M uf air arDiiiul llu; stMisilivi' vapor 
IIIIlmI lirllows. Modern, aurarlivc 'i.vlt lias i-asy lo ii-ail llirr- 
nioini iL-r :inil liarinnnizinfT st ale f >i, i failin;; tt‘inpL‘r;ilni t sidliii^. 
'r420A llu* mtnt'iiry swilrli innilid is iilso :iv:iilaltli\ 

Kernrdiii;; Lurker Hoftiii Therinnineler 

Muded No. C»0ZXlI)-X-871iN : Cliarl No. 12777, . ^rv. 

0 1 4-70'’F., ruversf. 12" di;nnL:l.fr, \ -day revoliiiioii willi one- 
li.iiir lime divisions, lias liaiid-woiiiul rliarl drive as standard 
inslaliation. Flertrir l'IixA (Iriv e riplional si‘lf-.s|;irliii^^ syn- 
ehronons elvrtric. rlork, 115/220 v., 20 50-00 eyeles, Fajiilpiicil 
vvilh 15' of lirmize annornl liiliin;^ ;iiii| .staiidess steel linlli willi 
10" extension neek. 


liitiilriillrrii 

1 ..-11-1A Heavy I Oily 
Siitlitjn I’res.Mire (Jrjii- 
IrtjlliT for u.se with 
iion-corrosi VL* refripei- 
aiils only. Uirect rcad- 
int; anrl dilTer- 

fiitial .scales. 



Air Sw.ili-li 

d'lOHA -Heavy Duly 
wall immiited llicriim- 
.slal. Mercury Switch 
rmilacis an- aiaualed 
tiy a hi-mctal clement 
which i.s dc-si^neil to 
wilhsland rxlrenie cuii- 
flitions cif tein|iLTatiirp 
an[l humidity. 



lainlriillerii 


Heavy duly rntifih- 
hull) tcmiiL-i aiLii c con 
irrdlcr.s in a variety ol 
r:iTu;e.s, wiih extiin.il 
.‘^eale idale m.'irkeil 
high-low and calibrated 
at iiiid-.scale. '141-1A 
for .I’-wirc swi tilling; 
I lil-lA fur single pnle- 
iloiihlc ttirnw .switching 
for control uf two 
sfi'-ed motors, valvis, 
alarm circuits, etc. 


Write for complete in/or)H(ition on these (iiid our uuiny adilitionol /^cfrir;enitwn Controllers 

and accessories 





tirfinrh Ofjicex in all prinvipal vitifs 
rACIOHII S 

Minneapuliii, Minn. WnliuNh, Iniliuna 

ChiruKU. IlllnolH Pliilailelphia, Pa. 

Kxp.niiive fllTirpii 

Fnurlli .4vi>. So., Mlnnrnpulis, Minn. 
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RAXrO IXC. 

Columbus 1, Ohio, IT.S.A. 


Ranco Refrigeralion Corilruls, dcaigned and manufactured by refrigeralinn 
specialists, provide dependable, trouble-free service on the most exacting appli¬ 
cations. The refrigeration industry uses more Ranco Controls than any other make. 
Check ivith Ranco Inc. first on your refrigeration control requircmctils. 


Type “O” Refrigeration Controls 

THE UADING CONTROLS FOR FOOD PRESERVATION 



O 1 


0-1505 — DUAL PRESSURE COM¬ 
MERCIAL CONTROL. High pressure 
cul-oul independenMy adjustable. 
Single pole, snap acting switch doses 
circuit on increase and opens circuit 
on decrease in pressure. 


0-1401—LOW PRESSURE COMMER¬ 
CIAL CONTROL. Graduated visible 
scale with calibrations tor range and 
differential selling. Range screw 
changes cul-oul and cut-in together. 

Differential screw changes cul-out only. 


0-1402—LOW PRESSURE COMMER¬ 
CIAL CONTROL. Similar to 0-1401, 
but has constant cut-in. Like all Panes 

type O Controls, is compact, sturdily 
constructed and adaptable to individual 
inilallalion requirements. 


0-1419 — TEMPERATURE COMMER¬ 
CIAL CONTROL. Outside range and 
differential (cut-out) adjustments with 
graduated visible scales and calibra¬ 

tions. Lowest cul-oul: F.; highest cut- 
in: 15 ' F. 


TYPE 91-0 — EXCLUSIVE IN¬ 

TERLOCKING TWO-TEMPERA¬ 
TURE CONTROL. Assures uni¬ 
form temperature, uniform high 
relative humidity ond completely 
automatic defrosting of coil re¬ 
gardless of weather or load con¬ 
ditions or cold location of the 
compressor. 


0-1535—DUAL TEMPERATURE 
COMMERCIAL CONTROL. Range 
screw changes temperature cut¬ 
out and cut-in together. High 
pressure cut-out independently 
□ djuitoble. Differential screw 
changes temperature cul-oul only. 



0-1419 



VI O 


^ciHCay^. 



Available Through 
Leading Wholesalers 

WRITE FOR INFORMATION 
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There is a difference in automatic controls . . . 
a difference in the degree of their efficiency, 
dependability and long-life accuracy! And 
once you try PENN controls . . . you’ll learn 
that their performance on the job is the strong¬ 
est recommendation for using PENN on every 
air conditioning and refrigeration application. 

Take the first step in trying these better con¬ 
trols. Get the new PENN Condensed Catalog 
on Refrigeration Controls . . . it’s FREE. 
Write Penn Electric Switch Co., Goshen, Ind. 
Export Division: 13 E. 40th Street, New York 
16, U.S.A. In Canada: Penn Controls, Ltd., 
Toronto, Ont. 


( 1 ) Penn 270 Series lemperaiurc and 
pressure controls incorporate a direct- 
reading calibrated scale which shows 
both cut-in and cut-out points. 


( 2 ) Penn cooling thermostat 
or line voltage pilot service; 
snap-acting. Humidistats also 


for low 
two-wire, 
available. 


(3) Penn Series 221 Solenoid Valves 
are direct acting and may be used with 
all non-coriDsive refrigerants as well as 
with water, oil or air. 


(4) Series 246 Water Valves are built 
in threaded and flanged styles for all 
refrigerants . . . sizes from to 2 ^/ 2 ", 

(51 Penn Magnetic Line Starters are 
built in NEMA sizes 0, I and I'/z and 
are available as open-type models for 
control panels or with General Purpose 
enclosures. 



RUTomniic conmoLs 


FOR HEATING, REFRIGERATION, AIR CONDITIONING, PUMPS, AIR COMPRESSORS, ENGINES, GAS RANGES 






CONTROLS 
70 CONVEYORS 
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CONTROLS, MOTOR (See STARTERS) 


CONTROLS, PROGRAM, SELECTIVE, SEQUENCE, 
L-tc. (See also TIME SWI I CHES) 

Airii’rii-.itii TiiHlriiiiii'iil ( ti., HOKI (JiMirciii Avc., Silvrr 
SoriiiK, M«l. 

hiiili-y MiM.it I'll., l(iril) IvHiiliiii' I'li‘Vi‘l:Liiri Ih. O. 

Urtrlier-CDlrniiti Cn., IltjL^kfurd, III. 

Mri!il,r)l l.'n., WiiLfrbury 2(J, C't. 

Ilruwii TriBlTurnniiL On., Div. MbineiipijliH-Himtywell 
ILoKiilHlor CtJ., '1414 Wuyiic Ave., I'liiln. 44, I*k. 

I. 'l:irk ('oiitri)lliir Cn., 114(1 I). l/)2rid St.. Clr^vidiiiid 10, O 

('iillnid Cquifi. Iiit:., TjO t'liurrli St... N.Y.f.^ 7 

II. W. ('niiiMT f'n., Fill-., ('i-iiI(-rliriiiik, ( M . 

FiBcdinr »!lr. Porter Co.. Ilulboro, I'ji. 

Ci['ri['r,'i 1 I'nrilnil f'o,, TJIK) Stjltliirs I’ififl llil., HohI nii .‘M . 
M iis.s, 

Ihirt MFk. Co., 110 H:irl lioloiiii-w .Xvf., 1 Iiirl.furd, Cl. 

Iliiyiioti MFk. ((o., 2ir) 1VI..HI Klrii Si., Tornricttui, (M. 

CendB & Northrup Co., 4!I70 Stonton Avc., Phila. 44, Pa. 

MinncapollH-lluiicywell Regulator Co., 2933-4tli 
Avc., S., Minneapolis H, Minn. (p. f!7) 

PiLrjiKiiii KIi'k. I ^)., Ili00-12ili St., 'I'wn Hivers, Win. 

Pliiil.oHuilell, Iim; , 77 Mni;i.(lwiiy, ('iiinliritlKe 42. 

Sari'll Cii., Inr., 3.‘»n 5th Ave., N.Y.C. 1 (p. Jh'71 

Til|/.I iuliur IiistniiiiriiI. Div., U'l'hIoii CIri-trinil liiHl.ru- 
nuTil l'or|).. 1114 l'’n"liiiKliuyHi'ii Avr.. Newark 5. N..I. 

'Turk (v'loiik Co., liii;., 1 Crovu St., Ml. Venioji, N.Y. 

WeHl.ininliuu.Hi' Cli'c. ('ijrn., 44.'i4 Cimii'hi’i- SI., MiiIT!i.Io rt, 
N.Y. 

Wliiu'lco Ir.HlriinirMil.s Cu., llarripioii & Peoria SL.s., Clii- 
naKo 7, 111. 

Wliil.i'-Huillf,i‘r,s Cli'i-l rir Co., I20'l Chhh .Vvc . SI. LnuiH l», 
Mn. 


CONTROLS, SUCTION PRESSURE ACIUATEO 

(A—Ammonia; R—Ollier refrigerants) 

(a—Close on rise; b—With II.P. eiilout; c—Reverse 
acting; d—Wllh overload protcciliin; i?—Multiple 
circuit) 

(ICii.b.r) Allen llnulley (.'u., Milwaukee 4, Wib. 
(A.ICii.b.r) Ainerieaii nehnefTcr ik. llu lL'iibern liiHlrunient 
Div., MiiiiiiiiiR, Maxwell iVr Moru-e, Inc . Pridgcpnrt 
2. Ct. 

(A) Creamery Package Mfg. Co., 124.^ W. Washing¬ 
ton Ulvd., (diicago 7, 111. ip /,.'n 

(II;ii.b.e,d) t'iil.li<r-lbiinnuT, Inc., 1115 N. l‘i SI., Milwau- 
keo 1, WiH. 

(.\■.:i:ll;a,b,c) Delrnil TiUbriciiloi Co., .’jDl.M) rrrimbiill 
Ave., Didroil S, Mir.li. 

(D:a,li,d) Frlgldalre Div., Cen'I. Molors Corp., Day- 
ton 1, O. 

(H:a,h,c( Kelvliialor Div., Nash-Kelvliialor Cnrp., 
142511 Plymouth Rd., Detroll, Mich. ip. 2/1 
(A,P:ii,b,r,(‘) Alercnid Corp.,42Ul Meliiioiil .\ve., ('iiicnco 
41, 111. 

(1) ;u,b,L',d,e) Mlnneapolis-lloneywell Regulator C^o., 
293.4-4th Ave., S., Minneapolis H, Minn. (p. fi'7) 
(A,R:a,b,c,d,e) Peiin Elec. Swltcli tUj., Goshen, liiU. 

(/•■ n-'i) 

fll:a,b,c,d) Raiico Inc., bOl W. 5th Ave., (kiliimbus I, 

O. (p. fis) 

(.\,ll:ii,il) llefriKerfi tiriK Special ties I'n., 72S S. Snrra- 
niento Ulvd., ChicriKO 12, 111. 

(A,M ii,b) U. S. IriiUKc, Div. of AmiTii'an Miichine it 
MctiilH. SelltTHville. I’u. 

(P :ii,b,c,i!) VVMiil.e-Hodgers IClec. Cn., 12111) Cush Ave., SI. 
LmiiH 0, Mo. 

XL llLfriaeriil.iiiK Co.. 1S;I4 W. .’jlltb St., Cliiiiinn ;UJ, 111. 
York Corp., York, Pa. l/i. .»2) 


! 


Brown Instrument Co.. Div. MiniieapoliB-ITnncywrd 
IlCRulator (,;;□., 4414 Wuyne Ave., Phila. 44, Pa. 
Carniil CbiHH liisl riiinrnl Co., 0742 T..(4jiiii nii Avi., 
Phila. Pa. 

l.'lilTord Mfp. tkj., Div. of Sid. TlioniHon Co., (irove SC. 
Walihjiiii, Muhh. 

Colloid ICtiuip. Co., Inr,., 50 Church St., N.Y.(\ 7 
Cutler-Hammer, Inc., 315 N. 12th St., Milwaukee 1, Win. 
Defender InstruniRnt ife Regulator Co., 815 Clark Avr,., 
iSt. Tiouia 2, Mo. 

Detroit Lubricator Co., 5(KMJ I'rumbull Ave., Detroil H, 
Mich. 

(3iu 8. Engelhard, Tnc., 850 PasBaic Ave., E. Newark, N.J. 
I’inclicr it Porter (’o., llalboro, P:i.. 

I'dixborri ('n., 38 Neponsd .Avc., V'nxbnni, Ma.ss. 

Frlgldalre Div., Gen’l. Motors Corp., Dayton 1, O. 

ip-I/) 

Pulloii Sylplioii Div., Kol>i'rlsli-.iw-Eull on Conlrolfi t'o., 
Knoxville a, 3'i‘nii, 

General Controls Co., 801 Allen Avc., (Bciidale 1, 

Cal. (p. nV,) 

Ci'fiiTnl Eleetrii- f'ti., 1 Jliver ltd., Srlieiu-fladv 5. N.^ . 
t'laud S. Cordon Cn. .'11)01) S. Walliicr Si , Cliicngo Hi, 

111 . 

Il-J) liiHlruiiii'iil Co., 2li4li 'rreiilon .Vvi*., Pliiliidi-lijliiiL 
25. I*:i. 

Ilji.r1 Mfg. f’n., 110 Marl lioloini-w .Avr., Ibirlfonl 1, Cl 
.lohriHOn Service Co., 507 E. Michigan St., Milwaukee 22, 
Wis 

Kelvlnator Div., Nash-Kelvlnator Corp., 142511 
Plymouth Rd., Detroit, Mich. (p. 2/i 

Klipfe) Valves, Inc.. lOlX) Weller Ave., llainilton, D. 
Leeds it Nnrilirup Cn., 4070 .dlenlnn Avr,. Pliilailrlptiia 
44, Pa. 

Manning Maxwell it Moore, Ini-., II Elian SI.. Hridgi- 
porl 2, Ct. 

Mcreoid Corp., 4201 Belmont Ave., Cliicagn 41, 111. 
Mlnneapolls-Honcywell Regulator Co., 2933-4th 
Ave., 8., MlnneapollN 8, Minn. (p. f!)'\ 

Paragon Elec. Co., Ili00-12th St.. Tw o Rivi'rH, W iH. 
PiirLIow Corp., 2 Campion lid,, New Hartford, N.Y. 
Penn Elec. Swlleh Co., Goshen, Ind. (p. ^^/l 

lYei'isioii riipriiioinel er & Inatruini'nl Cn.. 1442 Ih niuly 
wiiiB St., Pliila. .’10, Pa. 

Ranco Inc., 601 W. 5th Ave., Columbus 1, O. 

(p. f!S) 

Sampsel Time Control. IriR., filX) N. Strong Ave., Spring 
Valley, 111. 

Sarcii Co., Inc., 35l)-5th Ave., N.Y.C. 1 (p. Ifn) 

Spencer Thermostat (/O., Unit of Metals it f.’^ontrolB Corp. 

34 F'orfiflt St., .Attleboro, Mans. 

Ta.gli!ihui' IiihIT uiiieiilH Div., Weston Idf'clrical ItiHlru- 
iiHMil Corp , Oi l rrelingluiysiMi Ave., Newark .'i, N.,1. 
Taylor Instruiiient Cob., 115 Aiiihh St., RorliCHter 1, 

H. A. 1 hriiah & Co., 21 E. Hiverside Dr., Peru, Ind. 
'I'lirk Cl<»e,k Co., Inc., 1 tirnve St,., ML. Vernon N.Y. 
VN'lieeleo liiHlriiineiilH Co., llarriHon it I’eoriii SI.''., 
f'liieagn 7. III. 

W’hite-IliKlgpTB Elec- Co., 1201) (>arh Ave., St. Tjouis t), Mo. 


! C.ONI’ROLLERS, FLOW (Sec REGIJLA'I’ORS, 
' FLOW) 


CONTROLLERS, PRESSURE (Sec REGULATORS, 
PRESSURE) 


CONTROLLERS, STARTING LOAD 

Amlnro Refrigeration Products Co., 14544-.1rd Ave., 
Detroit .3, Mich. (p. l/fPj 


CONTROLLERS, TEMPER.VTUHR (See REGU¬ 
LATORS, TEMPERATURE) 


CONTROLS, TEMPERATURE AC I'UA TED (See also 
THERMOSTATS) 

Alco Valve Co., 865 KliigHhiiiJ .Ave., Si. I.ouIh 5, Mo. 

ip. PP) 

Aiilnnnitic 'Tenipcrature Conlrnl Co., Inc.. 5212 PulaBki 
•Ave.. Phila. 44. P.'t. 

Hailey Muter Cn.. 1050 Ivanhoe ltd.. Cleveland 10, t). 
Harber-Coliiian Co., Koekfnril, 111. 

Hridgeporl TIu-nnoHiat Div. of ItobiTlHliaw-Fulton Con- 
irulH t.'o., 1225 Ciiimi'clir.'ut .\vr., Hridgeporl 1, Ct, 
Mrinlol Co., W'aII'rluiry 20, Ct. 


CONVER TERS, ELECTRICAL (See REC TIFIERS) 


: CONVEYORS & COMPONENTS (See aLso CHAIN; 
also PULLEYS; also SPROCKETS, etc.) 

I .Ajax Flexible Coupling Co., Inc., WcHtlield, N.A\ (Vi 
■ brating) 

.Allis-ChalmerB Mfg. Co., Milwaukee 1, Wib. 

I Alvpy-FBrguBoii f^n., Oakley Sta., Cin’ti., 0. 

Amcrinan Monorail Co., 13107 Athenfl Ave., Cleveland 7, 

0. 
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niiUlwii) Dunkwnrtli Div., Chain llelt C'l)., riftinlield 1 
St., SpriiiKfield, MasH. | 

0. ItaTtlflt A Sriijw Co., 0200 Harviinl Avr., ricvchiiid 1 

^ ! 

Hi.Tliii ClifipiiiJiM I 'll., Hi-rliri, Wim. 1 

Mondixl Scul(> Co., 2170 S. Mrd St., C'olumbus 7, 0. 

Tlrudy Conveyors Corp., 20 W. Jackson Hlvd., CliimKO 4, 
Ill. 

Vj. W . lluHflminn, lur ., 4400 ClifLnn Aw., Ciii'li. (C 
('aiiiliridui' Win* f'Inlli Cii., Carnhriil;;i‘. .MrC 
( liMiii-Ih ll Cn.. IlifH) W- SI,, .Milwaukee 4, Wis. 

Chnrrjv'-llurru'll Corp., 427 W. Randolph St., (.'liiraKn 0, 

Cleveland Crane it Enurn. Co., Wiekliffe, O. (Overhead) 
Conveyor f ’o.. .'1200 K. SlauBon Avc.. I.os .Anireles 5S. Cal. 
}I. N. Cook Ileltinn Co., 401 Jluwanl St.. San FrnneiHco.’), 
Cal. : 

Cyelonc Fen re Div., Aiiii‘rii::in Stirel ife Wire Co., TJ. S. | 
Steel Corj)., Subsidiiirv, F.O. Ilox 2li0. WaukeKan 1, i 
Ill. 

n. it. ,1. Diek I'Ll.. Ini'., 24 Sade Si., rassaii-. N..1. 

DodKe Mfp. Co., .'SO.') S. IJninn St.. Mihhawaku, Irul. 

Filter Paper (]Uj., 2450 S. Mic.hi|{an Ave., Chieagn Hi, 111. 
Ciirord-Vvood Co., Hill St., Hudfiojj, N.Y 
H. F. (londrieh Cti., .'ilM) S. Main St., Akron, f». 

Island hainip- I'orp., 11)1 Park Ave., N.^'.C. 17 1 

.le/Trey MFr. Co., HS7 N. 4th St., Colunibiis li.i, I). j 

CiirnHon Corp., Syr;ieupi- I, K.V. I 

Liiik-Helt C'o., .'UMl J’erBliiiiK HiJ., ('lufjxKO 0, 111 ! 

Link Mell Co.. 2411) . J Kl li .Si.. ('liie.Mi'o ,H. III. 

MurBi' Cliaiii C'u., Div. of lliirw-\Variii*r Corp., Illiai-a. ! 
N.VC 

\ ni k ItrllioE it Parkliij.' I'li., I .'<1 . P.i.“h:ih-. 

\.,I. 

Siiiniii'l Dl.son Mf^. Co., Ini'. 24IS Ptlooinin^dale ltd., 
ChiejiKO 47. 111. 

PalniiT-Ilee Co., 1701 Poland Avc., Dclroil 12, Mieh. 
t^naker Itubher Corp., 'i'aeony & Cornly Sin., I’hila. 24, 
Pa. (JlidtiiiK only) 

HayheHtoH-Manhattan, Ine., fil V\ illei.t Si,, P.-iHHair. N.J. 
Head Mai'liiiifry Slanrlarrl Sinker Co.. Inr., ^'ork, 

I'll. 

Knhiii.s 1 ■riiiveyiM' Div., 11 ewill-Kiiliiii.s, loe.. 27IJ I’.i.H.nai e 
.Vve.. Pa.s.soie. 

S;i iirlvik Si eel, In e., Cniivi'vor Div., 111 Hi !i \ vi-., N , N .C. 

1 1 

Sliaw-Mox Crane it lloinl Div., Manning, Maxwell A 
Moore, liii',. MiinkeKoii, Mieli. 

StepheiiH-Adainsoii Mfg. t Wi., Hideeway .A ve., .Vnrora, III 
C. S. rrypHuni Co,, non W. AilaniH St., Cliieaii!:o li. III. 
(CuarilB) 

\Vi(;kwin; Spencer Steel Div., Colorailn Fuel and Iron 
Corp., .5rX)-5Lli Ave., N.V.C. IK 


COOLANT COOLERS & COOLANT COOLINC SYS- 
I'FMS (See also OIL COOLERS) 

Arme liiduNtricN, Mecliaiiir Mi Cananii Si., JarkNim, 
Mich. 

.\irtpmp Olv., l:hrvslLT Corp.. IfilKI Webster, Oaytnn 

I, O. ■ _ {/>. /,"« 

Aiiieriraii Di.iilrif'l Sleaiii ( 'o., )tr\’:iiil SC, \. Tnn:iwainla, 

N.V. 

llirlinnl .M. .\rin.‘*l roiitf Cn., Hn.\ IKK, \^■. Cliesl er, I’a. 

Carrier Corp., 302 S. Ceddes St., Syracuse 1, N.Y. 

ip. 2/7) 

Davis I'hiKrK. I'ori).. 10114 1’. Craiid SC. lHi/-:ilielh 4, \..I. 

Onyle & Riilh Mf)t. ^hi.. Font 23rd St., Bniitklyn 32, 
N.Y. (p. 3!) 

Frick tin., Wayne.sbdrn, l*a. '}• ■'>!) 

Cay EriffCK. Co., 2730 E. 11th St., Lob AnReles 23, Cal. 
IlalHtead Mr Mllcliell. BesNemer HldU., PlttHburAh 22, 
J*a. \p. f>7\ 

llpat-X-ChanAer Co., Inc., Brewster, N.Y. (/>. I,io) 
Niagara Rluwer Co., 405 Lexlngiun Ave., N.V.C. 17 

{p. '>7) 

Pattersnn-kelley Cn., Inc., IC Struudsburg, Pa. 

\p. .7A') 

Head Muehinery Div., SUiiidaril Sinker I'o., Ini:., York, 

PiL. 

Meeo Prnihir-lH Ihv., Uefrigeriilion I'inurK. Corp., 2002 
Naudiiin Si.. Phila. 411, Pu. 

kefrlgeratinii EcfiniimlcN Cn., Iiiv., 12.11 K. Tuscara¬ 
was St., iiantoii 4, O. ip. //77) 

UnSB Heater A' Mf^. Co., Div. of .AmiTiean Hadiatcir it 
Stiindard Sanitary t’orp., PulTaln IM, N.Y. 

J'lieo ll[•ate^^^, Ine., 137 Soulli SI ., I’toxiileine R.I. 


'I'enipriic l^rinliictN Cnrp., K. Maple Rd, Birmliig> 
h-im, Mil'll. I/). iS'.'M 

Yin IT Mlg. Co., 22L1 S, 1sl St ., Milwaukee 7, Win. 

1/1. Xi) 

AXhilloi-k Ml'u, ;'n.. SI Sniilli Si., Ilorlfonl 10, Cl. 

II. S. \A illnirii.x Cn., Ine.. li \nrlli Si., Mniinl X'lTnnn I, 

N.V 

Yiuing Radiatnr Cn., Racine, Wis. i/i ,'J j 


COOLERS (See particular type) 

COOLINt; IOWI H.S Mi PONOS 

Ai'iiie I-aniip. Cii . 205 E. Hroarlwiiy. MnBlini!:ei', Dkin. 

Acme Industries, Itic., Mechntiic Mi (pansnii Sis., 
Jacksiin, Mlrh. (/i 2//) 

Air A l{i'fi'iyi-i':iliiiii vn , 175 5lli Ax., Ni-xv A ork 17, 

N.A . 

Airtemp. Olv.. Chrv,sler Cnrp., lliOO Webster, Oav’lnii 
I, O. ‘ (ji. JP) 

.AiniTieaii Cooliin: Toxsei Cn.. 2710 MrCee Si,,, JxaiiMiiM 
Ci:y K. Mo. 

Baker Hefrigeralinn Cnrp., S. Windham, Me. 

(p. <!d) 

Ballitnnre .\ircitil Cn., liic., 2.SI9 Pennsylvanlii Ave., 
Raltiiniire 17, Mil. i/i .'Ci 

rteliluT ■•Oijt. 501) S Paekwoml, Taiii|ia, Fla. 

Biliks Mfg. lio., 3121-32 Carrnll .\ve., (Oiicagn Ifi, III. 

1/1. 7Jl 

t^Hilinetiial .Air l''ilii>r.s, Inr., 2520 Helm SI., LniiiHville, 
E.V. 

l 5ir|i.. Ltil., 2501) S. .Mliiiilir lUviL, Lnn Anirelefi 22, 
Cal. 

Fiifiter Wheeler Corp., 1115 Hroadway, N.Y.C. 

Cay I'lnKrg. Cn.. 2730 E. I llh St., Lom AnKeleH 23, Cal. 

I niveriiaire I'orp,. 5|3 N. I llarkw elilrr. I Hilaliiiiiia City, 
Dkla. 

Ilal.siead Mr Milcliell, Bessemer Bldg , Pillsburgli 22, 
l*a. i/». 

Harry Cooling 'I’owers, Ine., West St., Itoylestnwii, 
Pa. ■ ■-■■M 

( I I 'III i H Ill’ll, I 



Air Conditioning — Industriul — Refrigeration. 
Hot-dipped galvanized ofter fabrication. 
Write for Bulletin No. 494. 


KENNARD CORPORATION 

1B19 S. HANLEY ROAD . ST. LOUIS 17, MO. 
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S;:^. ««TCHAR. Clin, l.w.» 



SERIES "P" COOLING TOW RS 

New, beiter-than-ever Pritchard Series "P” Pack¬ 
aged Cooling Towers are manufactured of highest 
qualify materials . . . shipped either "knocked- 
down" or shop assembled. These low cost Induced 
Draft Towers operate efficiently, economically on 
air conditioning and refrigeration in- 
stallations. Refrigeration capacities: f> to / 

20 tons. /1 


Write for FREE Bulletin No. 


5.6.082 /" 




SERIES "SRF" COOLING TOW 


Pritchard Series 'SRF” Cooling Towers are ship¬ 
ped complete with basin . . . Full instructions 
furnished for quick field assemhl>. Constructed 
of finest California Redwood, "SRF” Towers are 
especially suited to air conditioning installations. 
low in cost — high in operating effi- 
Liency. Refrigeration capacities: 3 to 21 


Write for FREE Bulletin No. 5.9.OBI 



SERIES "G " COOLINGJ^Wg 

Pritchard Senes "G” Cooling Towers asailable in 
either Redwood or steel construction — prefabri¬ 
cated for fast, easy field assembly. Oversize steel 
pipe water distribution system of special design 
eliminates nozzles . . . results in unusually low 
pumping heads. Refrigeration capacities: —— 

20 to 100 tons. / sHa 

Write for FREE Bulletin No. 5.4.080/ 


QUALITY 

Spcfialiied ProLcss 

EQUIPMENT 


DISTRICT OFTICfS; 
ChlcD^a • Hou 


EQUIPMENT DIVI5IQN 

\ 9j) 1) 


»J\^ 'i‘w:ni:k^^^»:lil: Grind Ave., [rTTTTIfllljUi^ 

■ Now York . Pittsburgh . Tulsa 
RuprusmntatlYas in Principal Cilirs 
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Binks 


COOLING TOWERS and SPRAY NOZZLES 



COOLING TOWERS 

7"v/’i’ .Vi'/iV.f Dry i iin. KcLuninuMitliil wlirn’vir i pcr'ilinii is 

L^ssfiilial. Sliijjped K.T). willi nL'L'linii inslnu'inns. Aviiil- 

ill (Iniilik^ siiiiiiI'ld lilowt'r, 32 Id (>l) Urns (l»iilliMiii 17); or 

lilnwLM, 3 In 30 tniis (Biillfliii 4l>). 


'l'\(u' 2 1) Srrics — I! Dri.zonlul Influct'd Driifl. VsvA in ait ^ 

I’niiililiniiiii’^ s\ sli:ins nr \\'liL‘ri* Idwit iviiisl 111 inlo ri'slriflDil lu‘ii;lil. W 
.\vailakli- in sincli* fan iinil, 3 In ‘Xl upm (ask I'ni r.iillrliii 33) ; or 
Iwiti fan, 150 In 300 .^pin ( Hiilleliii 34). 




I yD' B Series Steel Cnsetl, Indueed I n tijl. 'I’nwa rs in lliis si’rii-s an* ol 
tliL* .spray lillcil or ili'i'k kllnl ly]ii‘—mailt: in 20 slamlanl si/i .s. I/ai 
uiuiIlIs [‘iininuL'i L‘<1 In si'i-nliLalinii. X - Ih Ii nr rL'ilni'linii Lp ai drivi* for air 
jiroimlsion. Biillelin 30 ilrsirilius sjiray-lilli'il; Ikilliiin 37, di t'k filli il. 


/ v/’f ,S Series -Xiifnrul Drajl. Idual for loralions vvlirn* air mm i nu'iil is > 
iiul rcslrii:U‘d. I 'nil foiisl riudion siinjdies in'rlimi. Ax ailaldi- in i a|iai ilirs ^ 
Irnni l.s In 125 ,mMn (ask lor Bnllflin 30) ; fruin 130 In 001) .til'iii ( hiilli lin 
31 ), and from 000 Pi 1200 ^pin ( Bnlli-lin 32). 







'f ype K Series—hHlueed Pnift n'illi })iasiinry letills. lli”ld\ prailiial 
\\lii*rt‘ llu* lfiwL*r iinisl fil inlo lln* andiilia'liiral linrs of a Imililin^. linllr 
liii 3K rmilains iiiiidi iirarliral liflji on inasmirN Inwn ili.si^n i or arrlii- 
iL'Dls and engineers. 


SPRAY NOZZLES 



I.eO ; 'i’lii- siih-inli’t 
whirl i)rini:i|>U* ttl 
Rulojel nozzles 

^ivf.s ex ii’plKjnallv 
fiTiL- lliiiil hre.'ik iifi. 


f 


I.i fl; Jlinks Unlrjjrl 
iKiz/lcs on- .ivail 
alili- ill '-iii.'ill, Mii-il 

iniii an ' l.irrc L-a 
pari lies. Ask tor 
lliillelins ID, II 
anil IJ. 



I.efl : llinks luieii 
inalii .'ilonii/in^ 
iin/.zlfs help pro 
viilf I losi; hiiiMi'lily 
irjiilrnl. Ask fur 
Unlletiii ID. 


There’s a Bink’s Tower and No^^le for every cooling job. 


Binks 


BINKS MANUFACTURING COMPANY 

3124-32 Carroll Ave., Chicago 12, III. 

REPRESENTATIVES IN ALL PRINCIPAL CITIES 
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Refrigerant Tables^ Charts 
and Characteristics now on 
sale in separate hook form 


Ciinlaiiis iJiMfs amJ iliarls nn air; am- 
iiionia; liiiluru*; (^arljDii iJioxiile; I'thaiie; 
l•lhyl(■nl■; Kri'oii; isohulanc; iiii*lliaiie; 
rriF'lliyl ['liliiriili-; nilrous uxifJr; [imiianM; 
|irii[)ylrni-; sulfur iliiixidr; anil ollieis. 
Alsu a ihaiilrr nii ri'lrigf.raiil clunarh'r- 


Ki‘|)ririlril friiin liiu Hasii- Viiluuir (if 

llir ASRE Dala Books, ihis lu w liook ran 
ill', iililairn'il in handy sizr for $1.50 liiapri 
roVfird) or $2.00 lioiiiiil in rlolli, fioin 

Anipricaii Suriely of 
Refrigerating Kii^itieer^ 

40 West 40 .Slrcpi, New York IB, N.Y. 


fJOOLlNC; TOWLHS (Continued) 

Kennard (Jurp., 1H19 S. Handley Rd., St. Louis 17, 
Mo. {p. 71 \ 

Kohlciibert^er (^orp., IbOO W. (Common¬ 
wealth, Fullerton, (Cal. i/i. Hilh 

Kramer 'I'rcntoii (Co., Olden Ai llrennlng Ave.s., 
'Irciiton 5, N.J. Iji. 1'J.'i\ 

Larkin Colls, .519 Memorial Orlve, S.K., Atlanta 1, 
.Ga. 

TichiKli Fail ikHluwiir (Co., 128 Liiiik'ii SL, Alleiitown, Fii. 
Lilie-lloiTniHiifi CConliiifi; TiiwcrB, liic., 42311 Duiiuin Avi*. 
j St. Louis ID, Mu. 

: Marley Co., Inc., 3001 Fairfax Hd., Kansas (City 15, 
Kan. ip. 7.-7) 

: Mario Coll (Co., (il35 Manchester Ave., St. Lnul.s 10, 

' Mo. ip. 2iHii) 

\ .Iti.s. A. Mori.ijc'clli) & (Cl)., 22!l N". 14rli Si,.. Fliilii. 7. F:i 
14. .1. Murniy Mf^. (.'n., Jl)t)2-3rfl St., VV.iuHau, Wia. 
i .\:il.in)Kil lii‘frip:iM!Ll.i)r,s (’ti., 827 KiJi-lii Avi:., St. I.iiuIm I I, 
I Mu. 

Ni-viiiKiT Cl.)-, Lii l■l*Ilvllll■, 111. 

New EiikIuiiiI Cijuling 'I'owfir Go., 8L) llriiail Si., KdmIum 
10. Mmha. 

Nuiiter Curj)., 1421.) S. 2ml St., St,. LniiiM 4, Mu. 

IMiilli|js rViiiliiiK 4'uwit (Cu., Jur., 220 J>ij|)i)iil Si., 
nn.uldyii 22, N V. 

I J. F. Frltcharil 8( (Co., 9IIH CCranil .\ve., K‘an.sa.s 
City (), Mo. (yj. 72) 

! llei'i) Proilui'.tB Div., TtL-IriRP-riitlnn EiiRrR. (Corji., 2021) 
1 Nauduin SI., Pliila. 4(i, Pa. 

! HcrriRi'ratiuii .Aj)i)li!iiin's. Ini.-., 023 . l-:iki‘ St., I'liiraRu, 

! III. 

Hefrigeration Fcunoniics (Co., Inc., 1231 E. I'uscara- 
was St., (Canton 4, D. ip. I:i7) 

Hefrlfteratiiin EnftrA., Inc., 72.511 K. Slau.s(>n Ave., Lo.s 
A 11 geles 22, (Cal. t (i. IDfi i 

EiJw. Reimrhurg it Sdiib (Ci)., 2030 Husloji St., Hallininrr 
24, Mil. 

St. Louis lllow l’i|)r it Ilealrr (Co., Ine., Div. of Slsiiirirr 
! Ilentiiiu it VuntiliitiiiR Co., liie., 1048 .N. .Otli St., St. 

1 I (Ouis (), M o. 

i { Contium-tl} 


HARRY-BIJRHORN 

Water Cooling Equipmeiil 
Serving tlie industry sinre I90(^ 


m 




.4 complele line of 
A InI/j/i eric. In duved 
Draft, Forced Draft, 
Horizontal Flow Towers 
and Fvaporative Condensers 

Large and Small 
Outdoor and Indoor 


We inlruducpil and palenli'il Slip Fil cunslriii'linii in our Towers over Fifteen years ago 
eliiniiiating ihe use of iiaiks in Harry Framing, Eliminalors, iiml Decks. We al^o n.'^e Slip Fil 
joinl.s in our .standard Traiisile and Mclal casing McL-hanical Draft Towers. 

Tnkv afU'antage of our 51 Years Experience 

HARRY COOLING TOWERS INC. 

125 Cedar St., New 7ork 6, N.Y. COrtland 7-2957-8 
20t ProFeisional Bldg., St. Petcriburg, Fla. Phone 7-2795 
Works office P. O. Bom 110, Doylestown, Pa. Phone 4450 
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The Marley Company, Inc. 

Fairfax and Marlpy Roads, Kansas City 15 , Kansas 

KcpreaentatlTeB In All Principal Cltlra (Consult ClBsslflcd Phune Directory) 

Water Cooling Towers and DriCoolers of Ail Types and Capacities. Spray Nozzles 


MARLEY Vairflo . . Si*Ls ti ii(‘\v i|ii!ilily” sIiiihI 

aid for air cniiililioiiing anil irdrigiMaliim cnidiii^ li)\\i‘r^ 
ill IK) (‘xlra ciKsl. Availalilc in rlinin* of sIim>I, wntnl -ii 
aslieslos hoard rasing, lias 
man\ realurr.s lUrnirrly 
fniiinl only on heavy duly 
indiislrial roiding low ins. 

25-750 Ions id' ri‘l’iigi*ialiiMi, 

Wrile for Hullol in \'-51. 

MARLEY Aquatower . . 

I’ni “|»aiivagf’d” wiiii '-^.id- 
ing, IIk’ sii’i'i iMm lry Aiiu;il nwi r parks soliil ]»rrlurniauri’ 

Inr any joh, indiior.s or mihliiors. iSliiiijnal frii'ni .•Inik 
lajinidrl I'ly assi'inhlral. i i'aily (o gn, or .suh-a.ssriiddiMl In 
liiminalf- Imisling. IhuigL' is fmin li l.o 60 Inns rrfiigrra- 
lion; ninr sizes availaltlc. Wrilr for Ihdlntin Al^l-5l. 





MARLEY Natural Draft . . . madi* of lirai i ipialilN rial- 
wood and availaldr in iwo niodrls. la'onnini ral In 
rri‘rl and npi^ralr, slunl\ and Iniig lasling. Assiiri's lop 
prrfornianrr. Srrits 100. . . iisi'd pi iniaril \ I'lir nd'rigiM a- 
I ion ami air rondilioniiigsinall hiiililings. I lii‘alrrs, lorkio' 
|danls ranging up I o d5 Inns of i id rigin aI ion. / 200 



. . . is hiiill in si andardi/iMl 
and is also availaldr willi 
al iuos|)lii‘rir srriioiis for iii- 
ilirrrl rooling id ja(d<i“l wa- 
I(‘r, oils ainl gasi‘s. >\ ril r for 

liullrlins 100-51 nr 200-51. 


noil s fur la rgrr rajia ci I irs 






MARLEY Conventional . . . Miiriry ronvriilional 
C'OTNTld! I'lJlVV lowers assure peak iierforiiiaiiia* and 
o|)eraling 0roiioin.\ . liuill lo high slrm lural slandards, 

Ihey are f!iiiii|)ped with Marley iiieehanieul unil.s ami 
olhei' i*\fdiisi\'e Marley fealuri'S. Marlex ( onvenlioiial 
lowers inei‘l every walei' 
eooling appliralion ami are 

also adaplahli* tn indireef r.iHdiiig willi a.l mosplieri e sia- 
1 ioils. A v\aila I de in reilw ooil, si eid nr ashi'Sl os I iila ril eas¬ 
ing. MiMliuin I o large rapari I v. Wrile lor liullelin C-51. 

MARLEY Double-Flow . . . Has Ihesi* ailvariei'd fea.l ures 
ill I'ooling lower design: Ilorizoiilal air flow lliroiigh lull 
hi-ii;lil louver w alls, Ojieu disi l ihiil ion syslem. Low 
puiii|iing heail, Miiiiiiiuiu drafl loss, Doulde serviee from 
e.arh fan unil, I’alenleil, nail-less Idling wliieh rl•lains 
i-orrrM’l alignineiil wilhout fasleiuus, Marley ilesigned 
and hiiill ineehaiiieal i‘i|ni|)nienl , llinosl fh*\i i ti I i I y . 
Safe operalioii and low iiiai nl rma nei* eosi. Availaltlc 
isltesl os hoard rasing. I )iiiihle llnw s are usimI w hei evru' large gallonagi' 
he roidrd eemioinieally and idlliiiMil l>’. Wrili* for liullelin DF-51. 



in reilw'ooil or 
itf wMier mils I 


MARLEY Nozzles . . . Marley palenl eil, liroiiz.e 
Spray Nozzles achieve Ihn fiimlamiMilal re- 
ipiireineiil of eva^ry s|iray iiislallation . . . a 
iiiaxiiiiuiii breakup al htw i'sl pressure . . . wilh- 
ouf moving parls. 'riiree. st yles, out* piece, two 
jtieee, humidifying. Wrile for liulleLin SN3-51. 
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(:OOIJN(; TOWKHS (CnntinuLil) 

Snyder I'iiiuipmRril. ('n., 4115 Edwtirdn lid.. CiindninLli 

1), n. 

Spray Engrg. Co.. 114 Central St.. Somerville 45, Maen. 
Spraying SyeteinH Co., .'1201 Iliiniiolph St., Hellwood, (’hi 
cugo. Ill. 

Super-Cold Corp., 1020 E. 5!Uli St., Ciih .\iiKeleB 1. I al. 
I’eiiiiey Engrg., Ine., 2ti Ave. H, Newark 5, N.J. 

Trane Co., La CroBse, WIm. (p. HU) 

Typhoon Air ConditiuniiiK T'o.. Iiii;., T)iv. of Ice .Air Con¬ 
ditioning (’o., Ine., 704 Union St., Ilruuklyii 15, N.V'. 
United Conditioning Corp., 74 Vurick .St., N.Y.C. 13 
IJ. S. Air Contlltlonliig Corp., Cornu Ave., S.IC., al 
.43rd, Mlnneapnlla 14, Minn. (p. ,^7) 

Water (’ooling Corp., 71 NuHaau St., N.Y.C. 7 
Water Cooling E(|uip. Corp., Afton Sta., St Tamis 2.'!, Mo. 
C. II. Wheeler MIg, Co., 1741 Sedgley Ave., Fhila. 32, Pa. 
Wurthlngtim Pump & Machinery Corp., llarrlBOn, 
N.J. fji. t/,4) 

V'arnall-Wjtriiig f’o., (MieHlouL Hill, Philu. 18. Pa. 

York Corp., York, Pa. [p. ftJ) 


COPPER (See parilcular mill furma, l.c., BAR, 
SHEET, etc.) 


COPPERSMITllINU 

Arthur Ilurria ik Co., 210 N. Aberdeen St., Chieago 7, III. 
.IiiH. Koppeniiaii A; Sons, .112 New St., I’hila, (i, Pu. 
Nuotcr Clorp., M2(i S. 2nd St., St. liouls 4, Mo. 


CORDS, ELECTRIC (See WIRE, EI.KCTHIC; al.sii 
WIRING DEVICES) 


CORK (See INSULATION) 


CORROSION INIIIHITOHS (See WATER I'REA T- 
ING) 
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j COTTER PINS 

! Atlas Bolt & Screw Co., 1108 Ivunhiie Hd.. Cleveland If), 
i O. 

j Autrjsrrew Co.. 210 W. 18th Si., N.Y.C. 11 
I C^iase Brass ik Copper Co., 23li (rraiifJ St., Waterbury !M, 
Ct. 

Lamsoii A Sessions Co., 1H71 W. 8tli St., CHeveland 2, D. 
I Stronghold Screw J^rrHliiets, Tm;., 21(1 W. llnbbnrd Si,., 
I Chicago 10, 111. 

COUNTING Sl COMPUTING DEVICES 

Pliiitriswitcli, Ini-., 77 llroailway, bridge 42, Mas.**. 
Veoder-Itoot, Inc., Carden A Sargeant Sts., ITartforiJ 2 
Cl. 


COUPLINGS, ELECTROMAGNETU: 

JClliott C«>., JeamsLli', Pa. 


tlOUPLINGS, PIPE (See FITTINGS, PIPE) 


tlOUPl.INGS, MECHANICAL 


Anni n Drainage A Metal Produr I s, Inc.. Midilli'l own, D 
Boston Cear Work,s, (jiiinny 71, Mass. 
llrriVMiiiig Mfg. ( n,, liir.., Maysville, Ky, 

Centric Clul.ch Co., Woodbriilge, N..I. 

ClifTord Mfg- Co., I)i\’. of S( il. I'lioinsun Co., Cmve SL., 
W.’ill.hiiiu, MaH.H. 

! Dndgi* Mfg. I’orp., 50.5 S. Union SI., .Minliawaka, Tml. 
i Dresser Mfg. Div., Drcssisr Iiulnstries, Inc., 4!I0 Fisher 
! Ave., Bradford, Pa, 

i Custin-lhicon Mfg. l.oi., Kaiisiis C'ity 7, Mo. 
i llainilloii Kent .Mfg. Co., Kent. D. (l'’Iexihle) 

Link-Belt C^o., 2110 W. 1 Kth St., Cliiiiigo 8, Ill. 
i Philadelphia Cear Wks., Inc;., CSt. A ICrie Ave., I’liila. 34 
1 Pii. 

i \ irt;iulii- Cn. of A III l‘[•ie!^, P.O. Bn.\ r)ll!l, Kliziibelli, N..I 


Homing of 10 gouge ('/■") iheel 
steal, with 3 coots of Bitumostic lining, 
and 4 coots of outside ipaciolweathor- 
proof point. Elactrically welded 
cdblriat, quiet-operating high-pres¬ 
sure, B^bloded STAINLESS STEEL Fan. 
Capa cities: 5, TVi, 10,15 and 20 Ion. 


20^feir Guarantee! 

■“on .heWETT D DECK SURFACE 

IN THESE NEW 

& Mitchell mvm TOWERS 

Here’s 20 years of Foolpronf perfnrmanec 
in an economical and lastworthy cooling tower. 

Halstead Bk Mitchell’s pri.'cessed wetted deck surface is 
chemically treated with special Koppers wood— 
guaranteed 20 years against rcitting 
and proofed against fungi growTh. Gravity-type 
distributing pan eliminates extra pumping head required 
on spray-type towers, and cuts down windage losses 
due to atomizing of water. And. it's easily cleaned 
— accessible through inlet air side of tower. 


iend for Lrferofure and Prices 
CARRIED IN STOCN lY LEADING 
WHOLESALERS EVERYWHERE 




OlVIcBi: BESSEMER BLDG., PITTSBURGH 22, PA. 
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Yiraiio 


RADIATOR COMPANY 


General Offices; Racine, Wisconsin, U.5.A. 

Factories at Racine, Wisconsin and Mattoon, Illinois 
Air Conditioning Equipment, Cooling Coils, Heating Units 

Offices in Principal Cities Dept. 551 


YOlJNiC AIR CONDITIONINIt UNITS 
an‘ iiv.'iilablc in ei^ht lioriznnta! and ci/j;^ht vi'rli- 
t*:il style.s, in capacilii's frniii 400 lo 10,025 Cl'M. 
l)csii»iird to Ol L'VLiy size and lyi»c installation '* 

for heatino-, cool¬ 
ing, hiiniidifyint^. 
deliiiniidifyin^Mnil 

rdterini,'. 




Air I'iiinililiiinliiK 
lliiilii 

I IliirlKiinlnl Type) 



Air 

e»ntliLinninK 
I inilK 
(Verliirnl 


YOUNG WATER COILS 

art: dcsi^niL'd for use with 
cold nr lint walcr. Can he 
installed fur cooling alone 
□r ns a part of caiiiipmenl 
liaiulling coniplfie or partial 
air condilioiiirig. Type “K" 
coils have rcinovahle head¬ 
ers lo simplify cleaning, 
'hype “W” coils have coii- 
linnons tnhes for mulLi-pass 
ciiTiilatlon. Roth types arc 
availaldc in a wide choice of 
sizes ami capacities. 


VOUNti DIRECT EX- 
j‘ANSiny ]':vAi*0- 
IvATORS are dr ained 
liir iiKC'ianieal refrig¬ 
erating systems llial use 
J^'reon or nielliyl cliluride 
as Ihe iijuling agent. 
Availalde in a \ ariety uf 
sizes, these units incur- 
porale the new N onng 
liipiid dislrilinlor. 

YOUNG COMMER¬ 
CIAL llh:AT 'I'KANS- 
FER LTNITS provide 
the perfect heat transfer 
surface for application 
with heating and air 
conditioning iirstalla- 
lions where a eoinpact 
and eriieient roil is rc- 
f|uired. 

YOUNG H L A S T 
UNITS anil J^OOST- 
lUv UNITS may he 
used for various appli¬ 
cations in connection 
with foreerl air heating 
anil eoridilioning sys¬ 
tems. These units arc 
completeb^ encased heal 
transfer surfaces and 
arc niaile in a wide range 
of .size.s and capacities. 



r.viipnniliir Duil 


rnniiiierclul lliiiil 
'I'ranHlnr llnil 



Ynme 

HEAT TRANSFER 
PRODUCTS 

_ 

T. M. MED. u. ■, FAT. OFF. 

YOIINO RADIATOH CO. 

Depl. B5I, Ben. Ofllcai: H&olnB, Wli., U.S.A. 
Planli >t HBBlne. Wll., and MaltDOn. III. 
SbIdj and EnglnBerlng Offlcei In 
all Principal CIUbi 


HEATING, COOLING AND 
AIR CONDITIONING PRODUCTS 
Convectori ■ Unit heateri ■ 
Heating coils • Cooling coils ■ 
EvaporativE condsnsErs ■ Air 
conditioning units • 
AUTOMOTIVE AND INDUSTRIAL 
PRODUCTS 

Gas, gasolinE, DIesbI cnginE cool¬ 
ing radiators • Jacket water 
coolers ■ Heat eachangers ■ In¬ 
tercoolers R Condensers ■ Evap¬ 
orative coolers ■ Oil coolFri 
■ Gas coolers ■ Atmospheric 
cooling and condensing units • 
Supercharger intercooleri • Air¬ 
craft heat transfer equipment. 







COUPLINGS 

7B DEHUMIDIFYING SYSTEMS & UNITS Refrigeration Classified 


t:OlJPLINf;S, SELF-SEALING 

AtTiiriuiii .'UK) S. K.'ihI. Avp., .Tui'kHiiii, Mich. 

H.'irffi iVjfit. ('H., IHOl VViriiii'riim: Avc., Chii'iiKii 40. III. 
f'lifTfirrl MIr. Ctt., Div. iif Stil. ’’I'lifiriiftnii f ■!».. tirnvc iSI ., 
Williliiiiii, Muhh. 

PnxlDii-Milcliell (’ii., 2014 MiirLlui Kt.. 5. Nnb. 

Sperry PruduclH, Jiiiv, Diinluiry, f ').. 

lU)UPLlNt;S. SHAFT (See SHAFT GOULPINGS) 


COVERS, MANHOLE (Sec ACCESS DOORS) 
CRADLES. MOTOR (See BASES) 

CRANES Sl HOISrS 

AiTierifVrin Monorail Co., 1,1107 AlheiiB Avc., (Uevriland 7, 

0 . 

('ll■vt■lfUl(l f'rilin' it I'hiRrR. f 'li., Wickliffc, O. 

I'Aiclirl tl-ane & HnisL fVi., IMfi S. Charcloii Rd., Euclid 17, 

0 . 

Frick Chi., WayiiBsbfiro, Pa. (p. •</) 

liiJlDnl-VViiiiil I'll., MuiIhuii, N.^ . 
liiRorBoll-Riind lh>.. 11 Rmadway, N.Y.C. 4 
K iihlenhcriicr I'.ngr^. Corn., Ifillll W. Comnioii- 
wealfli, I'Tillerl ml, tail. [/<. HH) 

lli'iuJiiiR I ’riiiii' A IlniMl 1'iir|)., 2100 .\iliiniH SI.. l[ciidiuR, 
Ta. 

l(iM-ii Priiduf.I.H Div., IlLdriRiTutinn I’liRru. Corp,. 2020 
Nuudiiiii S(., Philii. 4li. Pa. 

RiiyiioldH MIr. Co., Inc., SpririRficlil, Mo. 

Unhliiiis it Myei'M, Inc.. l-'M.*) CiiRonda .Avc., .SpriiiRlii'ld 

f). ■ 

Sh'.iw-lhix Criitui it IIimhI. Div., MiiiiiiiiiK, Miixwidl & 
Moore, Inc., MudkcKrni, Mich. 

Slicpiird Nilc.h Crane it lloiHt (.'orp., Snhuylor Ave., Mon¬ 
tour I'allH, N.Y. (Ira,*) 

T’nion MIr. Co., New Hritaiii, Ct. 


CRANKSHAFl'S 

.MlfiH Drop ForRCi f'o., 20!) W. Ml. Hope Avr*.. T.aiiBiiiK 2, 
Mi ell. 

Modern Machine WkH., Inc-, 5355 S. Kirkwood Ave., 
Cudahy, Wis. (;». I7i^) 

Saeinnw Malloabh; Iron Div., Cen’l. Motors Corp., Sagi- 
niiw. Mich. 

.]. 11. W'illiains A Chj., 400 Vuh^'in St., Ruffaln 7, N.A'. 


CUBE MACHINES (Sec ICE CUBE MACHINES, AU- 
rOMATIC) 


CUPS, 1;REASE & oil (See GREASE liUPS; also 
LUBRICATORS) 


CYLINDERS, COMPRESSi:!) GAS, REFRIGERANT, 
etc. 

Fine ProdiictH Co., IH5 N. Wahiiali Ave., Chicago 1, 

111. ^ IP. 

Eiiide Air Produpts Co.. Ciiil of Uniiio Carbide ife Carbon 
Corp., 10 E. 42nd St., N.A'.C. 17 
Aliller Aloior Co.. 4027 N. Kedzic Avi;., ChiciiEO 18, Ill. 
PrcHaed Steel Tank Co., 1471 S. bfith St., Milwaukee 
14. WlH. (p. 7-0 

Scaife tin, UaknioiiL. Pa. 

^^ llh:lf^h .MfR. Co., 2100 S. Wi'.ilcrii Avc., CliicaRO S. 111. 


DAIRY REFRIGERAI OKS (See DISPLAY CASES] 


DAMPENERS, VIBRATION (See VIBRATION AB¬ 
SORBERS) 


DAMPERS 

.Air it RcrriEcrutinii Cor|)., ■l75-.1th ,Avf., N.A'.C. 17 
.Air CoiulitioniiiR I’rndaidH Co., 2140 W. Efifiiyctte Blvil., 
Detroil 10, Mirh. 

.Air Control PriKluctd, Inr.. CoopprHville. Mi eh. 

.Airernii InduBtrieB, 2.'>,'I0-I4th Si., Di-tmit 16, Alirh. 
.American Warming & VentilatinR Co., 1017 Summit St., 
Toledo 4, 1). 

Anemnstul Corp. oF America, 16 E. 39th St., N.Y.C. 

16 (p. 14) 


llahiiHoii Co., KKll S. MarMhiill St., Winston-Salem, N.C, 
Barber-Colman Co., Rockford, HI. 

HulTahi KorRe Co.. 217 Mortimer ,S(HufFalo, N.A'. 
Corbniiin Rroa., 115 N. 7th St., Phila. 0, Pa. 

ICIro Shutter ik Mfg. Co., 2715 W. V\ arren St., Detroit S, 
Mieh. 

Exeelsior Steel Fvirnacc Co , 1 I K S. Clinton Si., fliienRo (i, 

HI. 

I Hart rfc Cooley Mfg. Co., 500 E. Bth St., Holland, Mie.h. 
j Kennard Ihirp., 1H19 S. Hanley Rd., St. Louis 17, Mn. 

ip. 

I Ludlow Valve MIr. (!n., Inn., Foot of Adame St., Troy, 

j N.V. 

, McOuay, Inc., 1606 Broadway. N.E., MiniieapoIlN 13, 

1 Minn. ii,. lU.U] 

! Mjiysteel 1‘rodiifls. Ine., 741) \. Plankiniroi Avi'., .Mil- 
! waukee 1, Wis. 

I MiniieapoHs-IIniieywell Regulator Co., 2933 4th 
I Ave. S., Minneapolis H, Minn. (p. a,') 

1 I'Mw. lleniieburR it Sons Co., 2(»1!) Hoston St., Haltirnnn' 
24. Md. 

II. If. kubertaon (.'o., 2400 Fanners' Bank HldR., Pitle- 
biirRh 22, Pa. 

St. Ijouifl Hlow Pipe & Heater Co., Inc., Div. of Skinner 
Heating ik Ventilatine Co., Ine.., 1048 N. Oth St., St. 
Louis 0, Mo. 

V. E. Sprouse, f1).. Inn., Coliiinbus, Ind. 

'rayliir Instriiriiiait Cos., 05 Ames St., Hunbester 1, 

U. S. HpRiatcr Co., 144 E. Hurnbain St., Hattie Creek, 
I ^ Mieb. 

j Youiir HeRulatnr Co., 5200 ICuclid Ave., Cleveland 1, ()- 


DAMPER MOrOHS & REIHILATDR.S 

•Automatic Temperature Control Co., Inc., 5212 Pulaski 
Ave., Phila. 44, Pa. 

Halley Meter Co.. 1050 Ivunboc lid., Cleveland 10, 0. 

Harber-Colman Co., Rockford, Ill. 

Hristol th)., Waterbury 20, Ct. 

Hrown Instrument Co., Div. Minneapolis-lloneywe.ll 
IlfiRulator Co,, 4414 Wayne Ave., Phila. 44. Pa. 

I CnnnHow Corp.. 2100 Areh St., 1‘hila. 1, Pa. 

i I'^.M-nlsior Sleel Miniare I’o., IIH S riinlon Sl,, ChiraRn 
6, III. 

FosIfT EiiRrR. Co., H.'{5 l.i'ldRli Avi ., I'liiitn, N..L 

Hart A Cooley MTr. Co.. SIM) E. 8ili St., Holland, Midi. 

Ilurnniel-Duhl Co., 241 Riehmond St., Providiifiee 1, R.I. 

.lohiison Servin' Co., .507 E, MieliiRan Avc.. Milwankei' 
22. Wis. 

MaBoii-Nielan llegulutor Co., 1100 .Adams St., Hoston 24, 
Mass. 

Minneitpolls-lloiieywell Regulator Co., 2933 4th 
Ave. S., Miniieapolis H, Minn. lyj. fi'7< 

11. 11. Hobertsoii Co., 2400 Farmers’ Hank llldR., Pitts- 
burgh 22, Pa. 

Sampsel Time. Control, Ine., 600 N. StroiiR Avc., SnriiiR 
Valley. HI. 

Scluule Valve Mfg. Co.. 2527 Horlinc St., Pliila. 33. Pa. 

'I'iiRliahuc liisI.riiiiieiilH, Div. VM-hIoii Elntrieal Iiistru 
nieiiL Corp., 614 FreliiiRhuy.m'ii Ave.. Newark 5, N..1. 

Taylor Instrumeiii Cos., 1)5 .Ames St,, Rochestfr 1, N.A’. 

Tuttle A Hailey, Inc., New Hrilain, Ct. 

U. S. Kegistcr Co., 344 E. Hurnham St., HattU Creek, 
Mich. 

\M’stinRliou8i' I'hee. Corp., 4454 llniesee St., Huffalo Ct, 

N.V. 

' Y^duhr RcRulator Co., 520!) Euclid Ave., Cleveland .1, (). 

DECORATIONS, METAL (See NAMEPLATES) 

DEFROSTERS. AUTOMATIC (See CONTROLS, 
DEFROSTING CYCLE) 

DEHUMIDIFYING AGENTS (See OEHYDHANTS) 

DEHUMIDIFYING SYSTEMS & UNITS 

Abbenii Supply Co., 58-10 4lBt Dr., Wooilsiili*, N.\'. 

Air A Refrigeration Corp., 475-5th Ave., N.Y.C. 17 

Alrtemp Div., (Chrysler Corp., 1600 Webster, l>aytnii 

1, O- Ip. an 

American Coils Co., 25 Lexington St., Newavrk 5, N.J. 

IhiliiiHoii Co.. lIKH S. M.'Lrshall Sr., Winsl.im-Sah'iii 7, 

N.('. 

Hlissheld Mfg. Co., 626 Depot St., Hlissnelil, Midi. 

I Hryant Heater Co., 17H25 St. Clair Ave., f^levedand 10, 1). 


( Continued) 
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D[[P DRAWN 
SHARDS AND SHELLS 
AND CONLAINLRS 


Hackney Seamless 
Drawn Shells arc ideal 
for use as condenser 
shells and refrigerant 
gas receivers. Efficient 
performance is due to 
their smooth surface, 
elimination of scale, 
neat appearance, comparative light weight and 
economy. Pioneers in the cold drawing of seamless 
containers from metal plates, Pressed Steel Tank 
Company has had more than 45 years’ experience 
in designing, engineering and manufacturing con' 
tainers for gases, liquids and solids. Our engineers 
will gladly work with you in developing contain¬ 
ers or special shapes to your individual needs. For 
full details, write us today. 



/trt entirety ivam- 
Icsi thvll 12" X 
20" for 31W lbs. 
W.P 


Tafiercd Oilfnicr 
tube. deep-di awn, 
.searnlt ss, 7 " x 2‘t" 



Condfiiu-r ihvllr 
nr liquid refpivprj 
adrufiltiKcouily 
made by the 
Haektit'y Prucest 


A svamh’M 
lapcri-d shell 





Hackney light tare weight cylinders are 
widely used for anhydrous ammonia, 
freon, sulphur dioxide, methyl chloride, 
isn-biitnne, prop.ine, etc.—in capacities 
from 2*5 pounds up. They have been 
ilesigned with the users’ requirements 
in mind - constructed to give full pro¬ 
tection to product, ease of h.'indling, 
utmost resistance to transportation and handling abuse and lowest 
transportation costs. 

Hackney refrigeration cylinders are of two-piece construction or arc 
entirely seamless—formed by a series of cupping cold drawing opera¬ 
tions--- and subjected to special laboratory controlled heat-treatment, 
after complete frabrication, to further improve physical qualities. 
Hackney cold drawing process provides uniform sidewall thickness 
and eliminates excess material. 

All Hackney ICC Cylinders are manufactured to specilientions that 
more than comply with the minimum requirements set up under 
Interstate Commerce Commission Regulations. Write Pressed Steel 
Tank Company for full information. 

Pressed Steel Tank Company 

Manufarlurers of Ifarkney Products 


REFRIGLRANI 
COMPRESSED 
GAS CrLINDERS 


14B3 5. 66th 51., Milwauhee 14 
13B9 Vanderbilt Concourse Bldg., New York 17 
231 Hanna Bldg., Cleveland 15 


936 W. Peachtree St., N.W., Raom 124, Atlanta 3 
20B S. La Salle St., Room 776, Chicago 4 
566 Roosevelt Bldg., Lns Angeles 14 



DEHUMIDIFYING SYSTEMS & UNITS 


BO DIAPHRAGMS 


UKIllJMIDIFYrNC; SYSTEMS & UNTTS 
(l^ontlnueJ) 

llufTulr) ForRc Cu., 217 MorlimiT SL, llulTalo, N.Y. 
CBirler Corp., 302 S. GeddsH St., Syracuse 1, N.Y. 

(/»- 

Dry Air Pruduf-is Corp., 7.'14 .IiiekHon Place, WaBhiiiKtnn 
C, D C. 

Drying Synteni, Inc,, ISlOjt Foster Ayr., Cliir.ftgo 40, III 
D»‘yiiamic Div,, Cargocairc P^iigrR. (’orji., 15 Park llnw, 
N.V.n. 7 

Dryomatic Corp. of America, 1000 Union Avc., Ualtimorc 
11, Md. 

Ebco Mfg. Co., 401 W. Town St,. I'nlumbuH H, D. 
FrlAldalre Dlv., (icii’l Motors (iorp., Dayton 1, U. 

(p. 17] 

Gay EngrR. Co., 27*10 K. 11th 81., Los Angeles 23, Cal. 
Cienerul Electric Cn., 5 Eawreiiri* St., Hloomficld, 
N.J. (p. 

KautTrnan Air IU>iirlitifniiiiR Corp., 4330 VV. Pinr HIvrI., 
81,. Iiciiiin, M n. 

Kohlenherger EiidrU. (hirp., IhllH W. t^omnirm- 
wcalth, Fullerton, lial. (/<. H!}) 

W. A. Hammond Drierlte Co., 120 Dayton Ave., 
Xenia, O. (p. ■vry) 

Kelvlnatur Dlv., Nash-Kclvlnator Corp., 14250 
Plymouth Kd., Detroit, Mich. (p. 21) 

Mil,[-.hi*.lI MFr. [’ll., [Myhiinrii Avn., (^linaRo 14, 111. 

D. .1. Murray Mfg. (3»., 10‘24-3rrl St., Wausau, Wis. 
Niagara Blower C^o., 405 Lexington Avc., N.Y.C. 17 

(p. .'>/') 

PittshurRh TjCctrrMlryer Corp., P.O. Uox 17(irt, PitishiirRh 
00, Pa. 

UufriRcrulioii Corp. of Aiiii*riia, Div. tif liOnrrRaii Mlg. 

[ 'o., lni‘., Alliiiiii, Mii-li. 

HL'miiiRl.iiii Cfirp., Willey St,, .Auburn, N.\'. 

B. F. Sturtevant Dlv., Wcstlnghousc Elec, liorp., 
101 Headville St., Boston .36, Mass. (p. 2H) 

Surliier ("tuiibuHtiuri Ciirp., 2375 Durr 8t., Toluilo 1, D. 
'I'raiie Co., La Crosse, WIs. fp IIS) 

1). S. Air Conditioning Corn., Ciimo Ave., S.l'y., at 
.13rd, Minneapolis 14, Minn. ip. S7) 

York Corp., York, Pa. fi». 
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DEHYDRANTS 

Aluminum Co. of Amerira, Pittsburgh, Pa. 

Davison Chemical Corp., Baltimore 3, Md. (Silica 
Gel) (yj. SI) 

Floridin Co., Warren, Pa. 

W. A. Hammond Drierlte Co., 120 Dayton Ave., 
Xenia, O. [p. Sfi) 

Highside Chemii^als Co., 10 Colfax Ave., Clifton, N..I. 
Imperial Brass Mfg. Co., 537 S. Racine Ave., Chicago 
7, III. (p. 107) 

Mclntlre Connector Ck>., 252 Jefferson St., Newark 5, 
N.J. (p, iS7j‘) 

Miehigan Alkali Div., Wyandotte Chnmiiwils Corp., Wy¬ 
andotte, Mich. 

Soeony Vacuum Oil Co., 20 Broadway, N.Y.C. 4 
Surface Combustion Corp., 2375 Dorr 8t.. Toledo 1, f), 
'I'amms IndustricH, liic., 228 N. Lu Sullc SL., CMiicagn 1, 
Ill. 

DEHYDRATORS (Sec DRIERS) 

DELICATESSEN REFRICERATOHS (See DISPLAY 
CASES) 

DEODORIZERS (See AIR PlJRlFlt'-ATION EDUIP- 
MENT) 

DESICCANTS (See DEIIYDRANTS) 

DESICCATORS (See DRIERS) 
uiapiirac;ms 

.Aiii-lior I'ackiiiR Un., 401 N. Ib-i»!iil SI,, Pliiliiiirlpliin 8, 

Black, Sivalls i*t BryHoii, KiiiiSiis I'ilv 3, Mo. 

Darcoid Co., Inc., 145-lltli Avc , N.YJ'. 13 

I Closbeii Rubber Co., Box 517, (IohIiiui, liul. 

I Lord Mfg. Co., 1(535 AV. 12tli St., lirin, Pa. 

j ( ( I>nl )H ) 


FOR DRYING SOLIDS—LIQUIDS—GASES 

SOLIDS LIQUIDyGASESS0LiDS-LlQUID5GASESS0UD5 

iiDRIERIlEei 

S ! I I! • I I-:' i i 'c' 11 1' \ ■i'' m 

lit', ! U I ? !>1 '.I'll ' ■ .'i \ ' y ' - V 

£igs 5 3svDSQinDnsanoS'5 3svo sainonsono 


^^The Versaiiie Dt»Hirvant^^ 

DRIERITE is Neutral, Stable, Constant in Volume, Inert except toward water. Insoluble in Or¬ 
ganic Liquids, Non-Disintegrating, Non-Wetting, Non-Poisonous, Non-Corrosive, Regenerative, 
Low in Cost. 

DRIERITE dries all the common Gases—whether neutral, alkaline or acidic. Residual moisture 
amounts to 0.005 milligram per liter or 0.31 Lb. per million cubic feet. 

DRIERITE dries the ordinary Organic Liquids and Solvents in cither Liquid or Vapor Phase. 

DRIERITE dries all the modern Refrigerants and is in wide use both by manufacturers of new 
equipment and by service engineers. 

DRIERITE is available in all the standard granule forms and in the form of moulded pieces of 
various shapes and sizes. 

Drierlte Will Solve Your Drying Problem 

W. A. HAMMOND DRIERITE COMPANY 

120 DAYTON AVE., XENIA, OHIO 




H^frigeration Classified 


B1 


AtK Miv'tinr ’ 



hcLdu^e julihcrs w til is rtfrigtration stivut 
engineers rtLogni/t PA lOU is the best anti siftsi 
rtlrigtrant drying agent l^A 100 gists instant 
drying tn salts! levels PA 100 his the highest 
resistante tu dusting cannot deliquestt,liquely 
or thannel rcfrigerinis 

J^A 100 will not attack iny metal or ilIo> ind 
iLtually helps prevent eorrosion by removing tor 
rosive eoinpounds from the system So il s safe to 
leave a PA 100 charged dehydrator perm inently 
instilled in the system 

lor trouble free drying of refrigerants ask for the 
best drying agent — or ask for PA 100—they re 
the same 


rOVJI JOBBER STOCKS DEHYDRATORS CHARGED WITH 
PA 100 AND THE BULK CAN WITH THE BLUE LABEL, 



*T M r LG APH ► 


THE DAVISON CHEMICAL CORPORATION 

M3 3. 

PIONEERS AND DEVELOPERS OF SILICA GEL 

Canadian exclusive agents for DAVISON SILICA CEL 

CANADIAN INDUSTRIES LIMITED, Sales Division Chemicals Department 


DIAPHRAGMS 
B2 DISPLAY CASES 
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DIAPHRAGMS (CunrlnueJ) 

Ni‘w ^"(irk Dr-ltiiiji A: Piii'kiiiK t’li , 1 Miirki*! SI , PaNHHif. 
N.J. 

HaybeotoH-Manhattan, Inc., G1 Willpit St,, PaBsaic, N.J. 
lipRiHiollex t/orp., 3!l PlaiiBD<>Ti St., HBlleville !1, N.J. 

TJ. S. llubbpr Co., 1230 Avb. of tlie AniEricaH. N.Y.C. 20 

DIALS, GAUGE, etc. (See NAMEPLATES) 

DIGllROMATE (See WATER TREATINIi MATIl- 
RIALS) 

DIE GASTINI;S (See r.AS'l'INGS, DIE) 


DIFFUSERS, AIR (See AIR DIFFUSERS) 


DISGS. COMPRESSOR VALVE (See VALVE DISCS, 
FLAPPERS, REEDS, etc.) 


DISCS, METAL, COMPOSITION, elc. 

Arnip IndiiBtrial Cu., 205 N. Lafliri St., riiiciiB'o 7, Ill. 
Aladdin Heating Corp., 2222 San Publn Ave., Oaklrind 
12. Cal. 

Ilinck, SiviiIIh A llryHon, Kiuihuh Cily 3 , Mo 
t'liiiiiix riiiitnilH, Div of llliwk, iSiv.iIIh A Hrymui, Inr , 
15 N. ('iiii-iiiriiili, TuIhji, Dkl.'i 
Drigni Mrg. Co., Iiii- , HimiiiIoii, N .1 
I'liiNtroni Co , 13 Fnlelroiii ('ourl, PiiHHiiii', N .1 
(lOHlirii Itiiblii'r A Mfe. Co., Ilii\ 517, (ioHlirn, liirl 
Jeiikinn llroH.. HO White Si., N.V.f'. 13 


DISHES, REFKIC^ERA'rOR 

t'orning GIuhs Wk«., Corning, N.V. 
Siieatli ClaHH Co , llurtrord City, Iinl 
Vinnn 'riininpHOn Cnrp , I'ldiiilnirgli IimI 


TYLER 


Welded-steel Commercial 
Refrigerators, Display Cases, 
Walk-in Coolers, Freezers. 


OVER 400 MODtLS 
FOR EVERY FOOD 
STORE APPIICATION 


TYtER FIXTURE CORPORATION 

NILCS, MICHIGAN 


DISPENSING MACHINES, REFRIGERATED (See 
VENDING MACHINES) 


I DISPLAY CASES, FROZEN FOOD 

I AnheuBPr-HuBeh, Ine., Dth A Wyoming, Si T.iiuih, Mn 
I Hrewpr-Titrlieiier Corp.. Hirigliiimtoii, N.^ . 

Federul Refrigerator Mfg. C'o., 550 Fli/alietli SI , Wauki 
Bha, WiB. 

Freezer Bbx Dlv., AnnapnliH Yacht Yard, Bnx 711, 
Annapulls, Md. I;, ^>>7) 

F)d Frii“dripli, Inr , 1117 E Cimiineri e SI , Sun \nlniiio 3, 
i'cx. 

Iliiiiler llefrigiTalui f'nrp , J)i\ of 3'vli’i hixliirc I'orp 

ColdeHkill, N V. 

Jnliii II errel A Somn, 244 Lear SI , CuluiiilniH li II 
C \. Hill A Co , Inr., 350 rpiiniiigl on \vi* 'Ireiiton 1, 
I N..L 

IIUHBmann RcfrljleTal nr Cn., 2401 N. L effing well, St 
LouIh b, Mn. I ^1 ,s ^ I 

Jordan It I'frigeriil or Co 5Klli SI A IJiayM \ve , Pliila- 
del|jlim 43, Ta 

Kclvlnatur Dlv., Nash-K elvlnatnr Cnrp., 14250 
Plymouth Rd., Detrult, Mich. (yi ■’M 

Ivopli Hefrigeral oiH, UOO E 1 Ifli \ve , N Ivannah Cil\ 
Hi, Mo 

MiiiiieapoliH Show (':ihi' A I'l'Inn f'o , Xi‘v\ l{ii-liiiir)nil 
WiB 

Morion Slum ('ilhi‘h, Iii> , VN aHliiiigl on Conrl Moiini’, II 
John Mimiit Hefrigeral orw, IHIiCi Eol'^oni M , San I’l in 
[•ism 3, Ciil 

Hi'frigerulion Corp. of Aineriea, Div of Loiiergan Mfg 
Cn., Inr , Albion, Miih 

(( nn/ninnl) 

ChiL IfDJJL UAWq, 

REFRIGERATION 
: ABSTRACTS? 

' You will find in ila pages a vasl wL'aJtli 
I of iniurmatinn on Ihe .sourues of piib- 
' lished information on i efrigrralion 
and air rondiliniiiiig. 

Inrludrd are reference.s lo design, en- 
' gineeriiig materials, refrigeraling me- 
I ilia, food processing, and countless 
, application.^. 

{ The section devnled In patents i.s alone 
I worth the price of the publication. 
REFRIGERATION ABTRACTS is 
published in five issues annually, in¬ 
cluding a subject-author index. 

Price 5^7.00 per year i 

Special priec lo public libraries 

Subscriptions may be predated to iii- 
' elude the first issues published, Jan¬ 
uary, 1946. For furlher information, 

1 write to 

I THE AMERICAN SOCIETY OF 
REFRIGERATING ENGINEERS 
40 West 40 Street 
I New York IB, N.Y. 
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DISPLAY CASES 
84 DOOR GASKET 
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DISPLAY CASES, FROZEN FOOD (Coiitinui-il) 

Scliiie’JTiT, Irif., HOI WjiHliiiiKl rm Avp., N., Miiiiipapulir* 1, 
Minn. 

f' SpIiiiiiiII Cri , 1712 .Inhii St , ('inriiiniili 14, l>. 
SlieriT-Ciilii'l I ('« , MiirHlnill, Mirh 

Siippr-rold f’nid f’orp , 1U2()]^. fi!)tli St., l^riH AnRi'luB, C'al. 

Tyler Fixture Cnrp., 1401 Lake St., Nllco, Mlrh. 

f/i. SJf) 

Wjirren (^o., Tiir., IM). Ilox 14H('i, Athiiilii 1. (»u 


DISPLAY CASES, REFHir;ERATED 

(A—Self-contained; B—With cnlla but without con- 
denalng unit; C—No colls or condensing unit) 

(\,H) AiTiiTiciLii RrjfriKPriil.inn ('f»rp , E lOxi-rlHinr 

A vi\, 11 opkiiiN, Minn 

(\,M) Aniii-uHCT-ltuHi‘li, Inr , !)lli A Wvinniii(c M liimiH 
Mn 

(A,h) lliilly ('iiBi> A t'niiliM ('o , Hiilly, I’u. 

Hrewcr-'I'il I'linni'r Cnrii , Rinicluinjl on, N 

(A) Carrier Cnrp., 302 S. Cicddes St., Syracuse 1, N.Y. 

{p J.l) 

fH) CTuee liefriKcratnr To , Inc., 50-1 W. Main St., T.ouib- 
villr 2 , Ky. 

(4,11) I )i‘l/iviv!ir[‘ UcrriEi'nitiDii ('n 8.14 N Ulli SI Plnhi 

2 .‘ 1 , I'll. 

(A,H,C) riviiiiM Mfn. (’f>rii , 4liO S lllfli \vi‘ Ml \ I'limii, 

N V. 

(A,H) Federal TlefriKpriiinr Mf^ (’n , 5.51) Cli/ahptlt St , 
Wauki'sha, Win. 

(A.H.C) Fil'd wncxl-4irfli)v\, Im- , 421 N. I'cnna \vo , 
WilkcB-lliirrc, T'li. 

(4,H,f^) FiiRi'l HL'fnKcnilnr Cn , 5HM) ICiiiiont St , I'liila. 
07 I'll 

Freezer Box Dlv., Aiinapolls Yacht Yard, Box 701 , 
Aniiapnlls, MJ. (/> J(i7) 

(A,H) Frlgldaire Dlv., (Rmi’I. Motors Cnrp., Dayton 
1, O. I;. /;) 

(,A,H) Ed Fin'ilrii'h Sales ('urp HIT E (’iiinincicc St., 
San .4n I Dll in H. 4'i'\. 

(A,11,r) (Jem HcfriiriTii I nr ('n , Hi,5 W VVyDininic Xvc , 
I’hdjL 411, I’ll 

(4,11) .Inliii llcrii'l A SimihCd ,244 Lear S( , ('nlunibuM It, 
I). 

(A,11) C. V, Ilill A ('ll , Inc., IKiO I'L'iiiiinctoii Avc , I'rcii- 
Inn 1 , N .1 

(A) lIuNHmann Refrigeration, Inr., 2401 N. Lelling- 
well, St. Louis b. Mo. ( 71 . ^.'4) 

|\,M,(') .Inrdnii Hclriui'ralni (’n , 5Stli SI. A CrayH \\c, 
1’liilaili‘lpliiii 4.‘), 

Kill'll HcfriKcrat nrs, liOO E 14lli Vvi* . N , KaiiHaH f'lly 
lli, Mil 

(A) Kelvlnatrir Dlv., Nasli-Kelvlnalor Corp,, 142.40 
Plymouth RJ., Detroit, Mich. \p Jl) 

(4) .lark l,iiiiKMtnii Cn , .‘)7l)t) Elm Si , DrillitK 1 , 'I I'x, 

(II) Slaiili'V Knitflil Cnrp , Mt.'lt) N I'liliiski llil , t'lnraf^n 
41. Ill 

(A,11) McCray HcfriKcrator C’li., Kciidallvillc, Iiid. 

(4,11) Miislcrfii'i'/t* Cnrp., Sister Hay, Wis. 

(\.!',(') M iMiii'apiiIih Sliiiw I'asi' A Fixliin* ('n , Ni*i\ 
.llu-liinniul. \\ IB 

( \ ,11) M iirl nil .Sliiivi ( 'ubch, Inr., B aBtiiiiKl im I'iiurlliirnsr 
I) 

(4,11) Jiilin MdimiI Urfri^iTiitnrs, IhLUi I'nlHnin SI , San 
Fran CISC LI M, I'nl 

(A,H) Naiitirnkc JlcfriRpral iir ManufiicturcrB, ronier Hill 
A Slnpc SlB., Nuntienke, I'u. 

Naiinniil lli'fnm'riitijrB Cu., H27 Koelii Ava*., St. l.ouis II, 
Mo. 

(A.11.C) Niilin MIr t’o , Inc., 1100 Madifloii Avc , Mont- 
KDiiicry 2, .4la. 

L. Pcrcival llcfriRcrator Co., 1806 E. 4th St., Booiip, 
la. 

(A,H) PulTpr-lliibbard MIr. f’n., Grand Ilavpii, Mirh 
(A) W. Allpii lloRcra IndustricB, Inc., P.f). Box 272, De- 
inopoliB, Ala. 

(A) Scliiipfijr, liip., 801 IViishiiiRton Ave., N., Miiinpapolia 

1 , Minn. 

(A,11) Schmidt Co., .Inlin A LivinReton Sts., Cin'ti. 14, 

O. 

(B) ScliwpiiRcr-Klpin, Inc.. 720 Bolivar Rd., Cleveland, 0. 
(A,B) SpcRcr llpfriRLTiilnr Co., H50 Arcade St., St. Paul 0, 

Minn. 

(A,B) Shoror-Gdlclt Cn., S. Kulamazno Avc., Marshall, 
Mich. 

Southern Fixturr MTr. l\i., IM>. Box 245, GrtH*nHhoro, 
N C\ 


(B) Star Metal MIr f'o., Trenton 4vp. A Ann St., Pliila 
34, Pa. 

Super-Cold Corp., 1020 E. hflth St., Lob AtrcIbb 1, Cal. 

(Bj Tyler Fixture Corp., 1401 Lake Si., Nllea, Mich. 

[/J fiJ) 

(4) Victor PniduclB Corp., llaRcrHlimn, Md 
(A,B) VikiiiR RpfriRpratorB, Inc., 7500 WilHim Avb., Kan- 
BiiB City 3, Mo. 

(A,B,C) Ward RefriRcrator A M Fr. Cii , Ii501 S. Alanii'da 
SI , Liib AnRPleH I, Cul. 

f4,B,C) Warrpii Cn., liic , P 0. Box 143(i, 4lliiiit!i 1, Ga 
(A.B.O Weber Showcase A Fixture Co., Inr., P.f). Box 
20iH, T(DB AiiReltH 54, ("at. 


DISPLAY CASE DOORS & FRAMES 

Aiiiericaii Tlard Rubber Co., 11 Mercer SL., N.Y.C. 13 

Hl'ttinRer Enamel Cnrp., Metal Fabriratinp Div., Wal 
Ilium, MaHH. 

Eviuim MFr. Corp , 4(i0 S lOlli St , Ml \ ernmi, N 4 . 

B. F. Gnodrich Co., 500 S. Main St., Akron, O. 

IIuHSmann Refrigeration, Inc., 2401 N. Leffingwrll, 
St. Louis b, Mn. (p h,i) 

.Iririliin Re/riRi-nil nr L'n , 5Slli SI A tiriiyH \vc . PIiiI;j 
dclphm 43, Pa. 

laizcrnc Rubber t'li., Trcntnn !l, N.J. 

Mack MoldiiiR Cn , Rversnu Avc , V\ iiyiie, N .1 

Miiystcel PrniJlielB, Inc, 740 Pl.iiikiiilnii Vvr Mil 
wauki'c 3, VV i.B 

Standard ProdurlH Co , 505 Rlvrl RIiIr., Detriiil 2, Mich, 

StokcH Afoldeil PrndurtH. Inc., 'I'avlnr at IVeliMler Si , 
Trenton 4, N.J 

,4mb8 ThomiiHon Cnrp , lalinliurRh, Ind. 


DlSTRIBin ORS, CONDENSER WATER (See CON¬ 
DENSER water DISTRIBUTORS) 


I) ISTRIBI JTORS, REFR I C ERA NT 

Baker Refrigeration Corp., S. Windham, Me. 

(p r-t) 

Detroit Lulincutnr Co., 5!)0ll 'rrumliiill \ve , Dctruit M, 
Mil'll. 

11. A. Phillips 8i t:ii., 32.4.4 W. Carroll Ave., Chlragn 
24, 111. l;i 

Spiirlan Valve (’o , 7525 Sussex \vp , St. Louis 17, Mn. 


DOOR & FRAME ASSEMBLIES (See DISPLAY 
CASE DOORS or COLD S'l'DRAGE DOORS) 


DOORS, i:OLI> STORAGE (See GOLD STOHAC.E 
DOORS) 


DOORS, DISPLAY GASE (See DISPLAY CASE 
DOORS) 


DOORS, EVAPORATOR 

Aluminum GikhIs Mfu, Cn., Mauitoviije, Wih. 

AiiiIithiiii anil Siiiih, Inc., N. lOliii St . \V PHlfield, Muhb 
O nnamc, Inc., 3701 N. Bavenswood, Chirapn 13, Ill. 
Dearborn Glass [’’n., 2414 W. 2lBt St., CUiicaKo H, III. 

I'KJLiis M fc ('ill |i . 4 I 1 I) S J Dili Si , MI. \ iTiiiiii, N ^ . 
Gi'ii’l liiiliiHlni'B ('ll , I dive A I'livInrStB , Elyri!i, (). 
IIlhihiit ("iirdinal Corp , liUl W . I'hrhel Xve , I'K"iinPMlli 
7. Ind. 

Metal Specialty Cn., EbIc Avc. it BitO R.R., Cin'ti., O. 
Piinelvti' l)iv . St. Iti'KiH Paper Co., 23f) I’ark 4vi‘ , 
N.4.r. 17 

RpyiiulilB Mi'talp Cn , 21HM) S !)lh SC, Lnuisvilli', Ixy. 
Sciivill Mfn- Cd., 11!) Mill St., Waterbury 1)1, (3t. 

Sneath GlasB Co., Hartford City, Ind. 

Standard Products Co., 505 Rlvd. Bld*f., Detroit 2, Mich. 
Am OB Thompson Cnrp., Edinburgh, Ind. 


DOORS, FREEZER (See GOLD STORAGE DOORS) 


DOOR GASKET 

.\iicliiir Pai'kiiiff I'll ,41)1 N. Ill midst Pliiladclpliia H,l’a 
ArmPlroiiK Cork Co , I .aiiciiBl it. Pa. 

( CnntinunI) 
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B5 


DOOR GASKETS 

FOR REFRIGERATORS & COOLING ROOMS 


For nearly a quarter of □ century JARROW PRODUCTS has specialized in de 
signing refrigerator door gaskets to meet the most exacting standards of original 
equipment manufacturers. Embodying matchless quality with precision workmon- 
ship, Jarrow Door Gaskets offer the ultimate in efficiency and endurance. 


A 

B 

C 

D 




A Woler proofed lor II w Ifnipera 
lure applicnrions Is web r ovt*i eti c hon f* 
ul t otroii or spunije rubber rushiL n 

B Hus sponqe rubber rushion with 

rubberized luLnc roverinq Ai' j lurnishcri 
wirh qrense proOl cover 
C Collon tushio I with rubhen/ed 

lubru i ovf'nriq m black ur while PU'e 
proof ir\ t lucK onlv 

D tilruded ull rubber Kr*‘ilipil 

oriorles^ and non siriininii All shape, 
and sizes to lil nny rciriqerutor r r lo 
bluppnnl 

E Inner'eril < elel will 'p ' p' 

rubber ,.usli n umI ruljber rovetr^J 
woven wire (loruie lA/ilhsInrids sutr /pi 
Iprnperalure' 

F Molded Sponge Rubber goskrl 

Hus grease proof Neoprene iocIpI 
G Sponge rubber tubimj Ir r r n 
□ ting cold compressor line* 



HEAVY DUTY SEALING STRIP 



A positive, air light seal i u'sured with this Spo.-qp rulber ■eul is 'upplied with fNjpDprene or 
Heavy Duty Sponge Rubber Strip compressed under Mc.ldpd Skin cuolinq Fig 1 sliow' inslrjllrjiion of 
door pressure aqa'nst n ribbed faced hard rubljpr hard rubber -pol on d.ior iamb Pig 2 illu'lrates 
triple seal sponge rubber seal remenleiH lo iJo&r 


I AR ROW PROPU CTy 

General ORice 

420 NO. LA SALLE ST., CHICAGO 10 


FnclDrip%: Chicago and Grand Hapidi 


pfaclurer*: 


.asW.l .pecifleations. 
in ,naW.n9 
nnd unusual OPP' 







DOOR GASKET 
B6 DOUGH RETARDERS 


DOOH (;ASKKT (rriiitiniipil) 


Uali Bros. Co., Munr.ic, Irid. 

Bruaco Mfg. Cd., Harvey, Ill. 

Bridgeport rjihricH Uo., Bridgi'piirl 1, t.'l. 

Chase IndualTiul B.efrigi:rM,l.or Mr|uip. illc Miigrg. L'n., ii;{ll 
Rnadirig lid., Heading, (yiii'li. 1.5, O. 

A, V\ . CfieHl.iTturi 4 Aslil.-ind St., I'A’iti'II 4!h M:imh. 
Cork IiiHulalioii Co., Inc., 15,5 E. 44l,li St., N.V.C. 17 

VV. .1. Deniiin dt Co., 4444 Irvinir Balk Ud., 1'liinijro. 111. 
Dryden Kubber Co,, 1014 S. Kildare Ave., Chicagn 24. 
HI. 

Felt Produrta Mfg. Co., 150K W. C.Hrrnll .Avc.. tdiiriagn 7. 
Ill. 

f>eneral Tire Ac Rubber Cn., I^arfield St., WahaHh, 
Ind. [p. 171) 

B. F. CJoodrinh Co., 5(K) S. Main St., Aknm, t). 

Cofjdyear Tire ik Tlubber Co., 1144 1']. Market St., Akron 

Hi, 0. 

Mewitt-lioliiiiH, Inc., 241) KenHingt on Avi^., ItutTnlo ,5, 

N.V. 

Inland Mfg. Div., Ucn'l, Motors Corp,, Dayitni 1, U. 
.Iainisf)ii Cold Storage Door Co., 1 lagiTMl own, Md. 

Jarruw Products, 420 N. La Salle St., Chlcailn lU, Ill. 

{)>. -Vo) 

Johns, Miinvllle, 22 K. 4nih Sc, N Y C. Ih ip. /S.7i 
Kasnn Hardware t'lirp., 127 VVallahuut St., Brooklvn 
N.Y. 

Mack Molding ( 'o., Hyerson .Ave., ^Vayne. N-I. 

P(dar Hardware Co., Ki.'ll S. Mieliigan Ave., C'hieago Hi, 

(hiaker liubbiT Corp., 'I'aeonv A ( oinlv .Sts.. I'liila. 24, 

Pa. 

Raybentos-Maidiattan, Inc., (il Willidt St., Passaie, N..T. 
Rubaten I)lv., Creat Amerleati Industrle.s, Bedford, 
Va. I/I. i:in) 

Sponge Rubber ProduelM I'o., lliDO Derby Plai’e. Sbcltnii, 
Ct. 

Standard-lCeil 1 l.inlwiiii* Mfg, (H., Ini'., liii!) M'vviiv, 
N.V.C\ 12 

S. Rubber Co.. 12.'10 Ave. of the .AincricaH, N.V.C. 21) 


Refrigeration Classified 


DOUBLE DUTY REFRICEKATORS (Sec DISPLAY 
CASES) 


i DOUCIl RETARDERS 

(A—Self-contained; B—With euils but without coii- 
densliiU unit; C—No L'liils or condensing unit) 

(A,D) Carrier Corp., 302 S. Ceddes Si., Syracuse I. 

N.Y. (p. -VI 

(A.B) Cruse Relrigerntor Co., Inc.. 504 W. Main Sl., Lou¬ 
isville 2, Ky. 

I (A.H.f'.J Evans Mfg. Cnrp.. 4lll) S. lOtli Ave., Ml. A i roon 
I N.V. 

! (A,B) Federal Refrigerator Mfg. Co., .5.50 Elizabetli S| 

I Waiikesba. Wis. 

i ( A.B) FleetwoiMl-.Airflow , Im;,. 421 N. I’enna A vo;., WilkcH- 
JiaiTfi, P.a. 

I (A.B.C) Fogcl Refrigeralnr Co., .51IMJ l^iailom St., Pbila 
.47. Pa. 

1 l‘'rcc7.L*r Box Div., AnanpoliH Yachl Yard, Box 7fl, 
j Annapolis. Md. (/). ) 

; (.A.B) I'id Frindriidi Sales (.'orp., 1117 1C f'imiinerre Sl. 
San An ti.inio H , Tex. 

(A) Frlgidaire Div., t#eiiM. Motors Corp., Dayloii 1, 

; D. (/../;i 

I (.\,B,(‘) flc'oi l{i‘frigiT:i,l or Co., Hi5 \V. W yoniiiig .Av i ., 

I Pbila. 41), I'a. 

. (.\.B) .loliii lliTiid A iSiiiie I'll.. 244 Lear SL, I 'iilund)ii.« li, 

i '>■ 

i (A,B,C) Herrick Refrigerator lai., 1019 Commercial 
1 St., Waterloo, la. (/>. pj.',) 

' (A.B) C. V. Hill & Co., Ine., .'IGU Penningl.on Ave., 'rr-'n- 
^ tun 1, N.,L 

: (D)|]ussmannRefrigeration,Inc.,2401 N.Leffingwell, 
i St. Louis b, Mi>. (p. 

: (A.B) .lonloii l{i‘frigeral or I'o., .5Slli Sl. A- (Iriiys .’\\c.. 

! I'liiladelpbia 42. Pii. 

I (.A.B) Koch ButchelM’ Siippl.S- (\j., lilM) I'J. 14th Avi-.. \. 

' Kansas (Jity 10, Mo. 

I (.\) .lack Langstmi t’o., .'-iTOO Elm SL., Dallas I, Tex. 

1 


You can depend on this trademark 



Sold by 
leading 
wholesalers 


MclNTIRE DC FILTER-DRIERS 

Higli [Mp.ii ily ilric'iij for liquid line insLilLilion. Giiar- 
.mteed nini'itiiie piek-uji raiing.s assure Irin.g .seivite 
.ind rxlia margin of .safety. Charged w itii Ml Inlire 
I’lncc.ssed Ciaiudar Dc.siiianl. Single pa.s.i drying to 
minus fiU" dew point. EtTcLlivc at refrigerant Icnipcra- 
liires' up to 1 Ml" F. Filler.s remove .sludge, solder flu.v, 
liiiL-igii p.iitiLUs. Cartridge and faLtnry-.si-alfd ly|us. 
shaiglil Lbrmigli nr angle types. 

DFN MOISTURE CONTROL UNIT 

Portable, heavy duly drying and moisture inLliiating 
unit lor litiLiiil line ii.se. R.iteil moisture piek tapacily 
n( (i? [•['. St'ivii. c,s many jobs. 

DFN STRAINERS 

Demountable lypt: (.stiaigbt tbrnugli nr angle) f.iilniy 
sea li d )ype, peru il type. 

Write for Catalog R-B 



FOR 

SCIENTIFIC 

DRYING 

SCREENING and FILTERING 

DFN MOISTURE 
INDICATOR 

Tell.'' fiLiiikly, acLurately on 
llip job wbeLlier system is wet 
or diy. No need to sbul down 
or pump down system. For 
Ficoii I.’ anil 2.’, .ilso Methyl 
fdil oridc. 


MclNTIRE CONNECTOR 00 ., 252 Jefferson St., Newark 5, N.J. 
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A,H) McCray Tlefrifcerator Kpiulullvinc, Inil. 
fA,R) MaHterfreeze Corp., Siater Bay, Win. 

: A.B) MiiiiiEapDliB Slum Cubh (fe Fixture Co., 1000 Wanh- 1 
ington Ave., S., MinneapuliB, Minn. 

Mortt)ii show CaBEH, Inr., V\ aBhiiiKtun Cmirl llnuHe. C. 
.Irilm Mnwat RcIrigcnitorB, iSlUi Folsom Si., San Fran- j 
cisco 3, (-al. I 

(.A.B) Nanticoke Refrigerator ManiiracturerB, Corr.pr Hill i 
& Slope StB., Nanticoke, Pa. 

(A.B,C) Niiliiiiial llcfrigeratiirB Cn., 827 KtH'lii Avi'., SI. | 
Tiiiiiia 1 1 , MI). I 

l^A.B.C) .1. P. PfiufTer it Shhh, lui-., 200 N. Pam Si., i 
BMlIiinore 1, Md. i 

lA.M) Puffer-1 lubbard Allg. Co., (iraml Hitveii, Mirli. 
(A,n) C. Schmidt Co.. John & Liviiigoton StB.. Cin’ti. 14, 
0. 

I B) SchwengEr-Klcin, Inc., 720 Bolivar Rd., Cleveland, D. 
l.A,H) Seeger Refrigerator Co., 850 Arcade St., St. Paul (i. 
Minn. 

(B) Shercr-Cillctt Co., S. Kulaiiiazoi) Ave., MarHlmll, 
Mich. 

(A) (’harlcB Q. Sherman Corp., 14!) Broadway, N.Y.C. li 
(\,IV) Star Meliil Mfg, Cn., liii-., 'I'noiloii Ave. it .Ann 

Sis , Philo. .‘14, P:i. 

Super-C’old Corn., 1020 E. 5!Hh St., Lon Angeles 1. Cal. | 
(.4,11) Tenney Engrg., Inc., 26 Ave. H, Newark 5, N.J. j 

(B) Tyler Fixture Corp., 1401 Lake St., Nllea, Mich. ' 

(if. j 

(M) V'iking Rl•frigl^rllto^B, Inc., 7500 WilBiin Ave., KunHiLH \ 
City .'1, Mo. j 

Ward Hi-rrigeralor tt Mfg. Co,, (iriOl S. .Alaineda St.. Los 
Aiigi'les 1. Cal. 


DRAFT ARMS (See FAUCETS) 


DRAFF BEVERACE COOLERS (See BEER CDOI.- 
ERS, DRAFT) 


DRAWN SHAPES (See SHAPES, DRAWN) 


DOUGH RETARDERS 
DRIERS 87 


DRIERS 

Aminco Refrigeration Productn Cn., l4544-3r[| Ave., 
Detroit 3, Mich. (jn 14H) 

A-P Conlrol.s Corp., 2450 N. .'12nd Si ., Milwiiuki‘e 10, Wis. 

Cee-kleer PriHluelB, liii’.. 047 W. lith SI., Ciiieinniili .1, I’ 
FeddeTN-UulAun thirp., .47 Toiiawiiiiilii .Si., Huflaln 
in, N.Y. ij.. .'7.01 

Fine ProductN Cn., IH.S N. WiihaiiNlii 4vi*., Chicago 

1. 111. l;;. 

Henry Valve Co., Melrose Park, Ill. (p. ^V<) 

IligliHidi- t'heiiiir.-iln Co., 10 Colfiix .4vi-.. Clil loii, N.J. 
Imperial Brass Mfg. Cu., 537 S. Racine Ave.. Chicago 
7, 111. (n. ;r/;) 

Industrial Wire I^loth l*ri»diJi'i.s Corp., Wayne. 
Mich. (p. SS) 

( Contiuunl) 


Aiiit^rii-an .Standard Safely Code for 
Mer.hanical RafriKeralion (ASA-B9.1- 
19S0), is now available al $1.00 the 
c«pv. 

.S|MiiiN<iri il liv lln- .Aiiii'i ii'iio .’^urielv nl Oeli Iki-i iii iiiL' 
KiU'ini'i-rs, il i.s ilir ri'^iill nl' .M’iiin nl' cUrjii lUi llii* 
Pill. ■: .-\.S.\ iiiliii I rniiiiiiillee HU iiinl xi'Vi'iiil 

Mllii<iiiiiiiiiMi>rs. 

Must III' Hie rel i iKeriil inn 'iii'nilueiia'. I'liliipiiieiil. InniNi' 
Imlil, niiiiiiiei'i'iiil, iir iiiiliisliiiil, In iiiaimiiu’liireil li.v 
I'iilii|iiiiiie.s V liiiBi* lillsilii-vs is mil iniiU'iili’. II is, llii'i'i' 
run-. ili-Niriilile Ilinl llils I'nile he iilih ei'siill> iiilnpleil 
.sii Hull Siil'ely iirii\isiiiiH Ini' ri>li'ii;i'i'iiliii^i iii.ilallii 
liiiii.s will he .sliiiiiliinll/.i'il. 

Ifnlfir rUfiiea /rnin: 

Amcrlciin Siiclnly of llefrlgerallng EngloKprn 
40 Wehl .10 .Mlrpml, Npw Ynrk III, N.Y. 



the most efficient 

LIQUID-LINE DRIER-FILTER MADE 


MOLDED REMCAL 
DRYING AGENT 

REMCAL, Ihe new super-slrenglh molded 
Calcium Sulphate drying element, has in¬ 
creased moisture absorbing capacity and 
improved efficiency even ot liquid line tem¬ 
peratures os high as 1 50 F. and dew point 
temperatures down to as low as —60 F. 
It is maided directly into a perforated steel 
container, and thus has strength approaching 
reinforced concrete and steel to withstand 
even the severest shock and vibration. 
Powdering and dusting are completely elimi¬ 
nated. The element is completely dehydrated 
at a temperature of 425 F. to assure the 
highest degree of efficiency. 


FIBERGLAS 
DEPTH FILTER 

The new Fiberglas depth Filter provides 
vastly increased filtering capacity to take 
care of even the dirtiest job and improved 
efficiency for even the smallest capillary 
tube job. In this new improved design, in¬ 
creased Row area is provided, and pressure 
drop and premature clogging and plugging 
ore entirely eliminated! 

* Also Available with Silica Gel 
Capacibes: I thru 5 tom 

Carrisd in Stack by Leading Wholeialeri 







Wrirw tar Mmw Bullmtin Na. 1-7 


Flaw is ACROSS the molded elBmenl —THROUGH 
the Cross-Flo openings and ACROSS Ihe ezlra ca- 
pocity, HIGHLY EFFICIENT FIBERGLAS Daplh Filler. 


Dtpuliniiil: 

MiIcMm . AimliMi Dfiiiu. 
NlllililM. Ni« Jifwi 







DRIERS 

88 DRINKING WATER BOTTLES 


Refrigeration Classified 


DHIKHS (Ciiiitiiiimil) 

Kelvlnatnr Dlv., NaHh-Kelvlnul ur (iorp., 14250 
Plymnuth Hil., Detroit, Mich. f/j. ::il) 

KL'iirnarn Murhinc I’roiluflH, Jjin., I,*) DL‘nt?\v Avm‘.. i^yoiiN, 
N.Y. 

Kerotest Mf^. 2525 Liberty Ave., Plltsburplli 22, 
Pa. f j). 

Mclntire Cwiiiiicctur (w)., 252 JelTer.siin Si., Newark 
5, N.J. (p. SC) 

Mtidrlb ‘11 JlruHH l‘roiliii:lH In., 111! N. Kruoklin Si., ('lii- 
engo 1(1, 111, 

Mueller hnisH (vO., Peri IJuruii, Mieh. 

Kemcn, Inc., Zelieniiple, l*a. (/». S7) 

LyruH Shank Iw)., (i2’I VV. JaekNoii Illvil., ('hicadu b, 
III. [p. tnn> 

Sporian ValvE: f’o., 75l2r) Sohhi^x Avr\. 8t. Lniiin 17. Mii. 
Superior Valve & Fit tings Co,, 1509 W. Liberty Ave., 
Pittsburgh 2b, Pa. (p. SS) 

W.-ihaHli Mfg. ('«)., ‘J.'lOn S. Wi'Hti'rri Avt-., (!liii‘:Lgn H, 111 


DRIERS, AIR, FUR BREATHERS 

Dryiifimic Div., Cargijcaire Kiiprg. Ciii ii., I Ti I’ai k Knu 
N.V.C. 7 

W. A. llammunJ Drlerlle Co., 120 l>aytnii Ave., 
Xenia, O. ' (p. ,S7/J 

Mclnllrc Connector Co., 252 Jefferson Si., Newark 
5, N.J. (p. SC) 

PittHluirgli lifi-iiiMlrviT f’lirn.. P.O. Bdx I7tili, I'll IHhiiriilt 
;in. Pa. 


DRINKINC WATER BO'ITLES, CJLASS 

Multiplex Fuueel Co., 4.'lli5 L)iiiii;uii .Ave., SL. LiuiiH 111, 
Mo. 

Snealh (IIslhb Co., llartlonl City, lull. 


SUPERIOR 


DELUXE DRIERS 

(Renilable) 


Both ends □! SupErior DeIume Driers 
are removable to permit thorough 
cleaning of all parts prior to re¬ 
filling. Forged frost proof flare nuts 
are provided with seal bonnets. 
Charged with Silica-Gel (other de- 
hydrants available on request]—at¬ 
tractively finished with copper 
lacquer. 


lA 


SUPERIOR 


valve & fittings co. 

1509 W. Liberty Ave., Pittsburgh 2 6, Pa. 


APPROVED FOR USE BY THE ARMY • 
NAVY • COAST GUARD AND THE 
MARITIME COMMISSION. 


CARTRIDGE TYPE DRIERS 



TypHs 
7-10. 7513 
anil 757 
with 

Disperiilrin 
T 11 lie. 


I'lirl 1 l.\|u- ilrit-rs uitli .siil- inilhl. iJi.sin-r 
siiiii liilii*. .siiri‘l.\ nliiiilri . i-iirl I iiL;ii' rcl a iiiiii;; 
.sin'iii;; iiiiil S liiill ilisliii'liMii iJi'iiur ai'i'i'ss. Iliiiuvi'. 
l-’iii ui-il liras.s i‘iiil ^•n|l w illi Iril i-y i ii 1 hi Mm;. Silvi'i 
hi-:i/i-i| jiiiiiLs. 1 li'li\ ili'iiiil I'liini ilv :il lij rillll ni. 
ill. Si/i'.s -'k" I lu ll II. 11. .solili r. 

WRITE FDR CATALOG 

HENRY VALVE CO. 

Melrose Park, Illinois, Suburb of Chicago 

JITENR^ 



Made to specification in all sizes and to suit every type of refrigeration unit 
. . . let us work with you in developing the dehydrators and line strainers that 
will provide maximum efficiency in your units . . . we invite manufacturers 
to send blueprints or sketch for our estimate. 

Industrial Wire Cloth Products Corp. 

29276 BRUSH ST. • WAYNE, MICHIGAN 
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DRINKING WATER COOLERS 89 


DRINKING WATER COOLERS, SELF-CONTAINED 

f'oDlBtrpam Cnrp., 157 E. 12Sth St., N.V.f'. 

Copeland HefrlHeratliin Corp., Sidney, O. (;>. fi'>) 
Tordley A; Hijyi'H. 44;i-‘lth Avi^, N.V.(\ Hi 
1 )riiypr-HftiiH[m, liic., 3.1UI Medford St., T.na .\iiee1ep Mil. 
CjU 

I'^liLO MIk- Cu., 4111 W. Tr)wii SL, r'liluiiibiip S. I). 

Alfd- 4lit) S. lUtli Ave., Alt. \ eriioii. X.V. 

KeddcrH Corp., 57 'I'linawandii St., llulT-alii 7, 

N.A’’. |;i. .)/<) 

Frigldaire Dlv., Cen’l. Muturs liurp., Dayton 1, ft. 

(/» i') 

(;eneral Elet*. I^o., Air Cundllionliid Dept., 5 Luw- 
ren ce St., Bloomfield, N..1. (p. J.m 

liiliTstate CiiKre. Corji., 2550 J], lni|ir'ri.'il lliftliway. 101 
SL-gumlu, I til. 

Kelvliiator Div., Nash-Kelvinator (]orp., 14250 

IMyiiiouth Hd., Detroll, Mleh. fp. ’/) 

I'‘*rri‘Colfl, Jnr , l!l4fl S. Al.n.iii St . Lnp AngplnB 7, (’al. 
J*urr> Filter t'orp. uf Airierira, 440 T/afavi-lle Si., N.Y.l' 

a 

Slur Metal Alfg. ('[)., liir., Trenlnn A\'e. A Aim Sle 
riiila. y4. Pa. 

.Sunroc Co., Cileii Riddle, Pa. (yi S!J) 

lal-l'ii Alfg. t'fi.,5H) N. Dearliiirn SL , I’iiieaKii 10, 111. 
Ilal-je^ W. I'iiylor tiu., Warren, (). 

l emprlle PnidiietH Corp., K. Maple Hd., BirniJnii- 
hani, Mich. fjj. s.'d 

l uitr.l Urdrige r:i I or ('ll , IhliLmili, W 18 

tirigli' 11181 - I'llcM-. Cfirp., (i5.'J Page lUvJ.. Spriugfielil ‘J, 
M'ish. 

DRINKINC WATER COOLERS, CAFEIEKIA 
( arriiT Corp., 302 S. (.’edde.s Sc, Syracuse I, N.Y. 

li'- ' ') 

1 Ml ( M> A Hayea, 511-1111 Ave., N.A'.I Hi 
1'4 in Mfg. [’ll., 401 W. 'J n\Mi SI., t'iiluiiilma K, t) 
I'l-dderH-Ouiiiaii Corp., 57 I'onawuiula St., Buffalo 
7, N.Y. ip. n'M 

I'illrine MfU. ( o., 5,1 Lexington Ave., llroukl 3 'ii 5, 
N.Y. (p..vr/) 

liil I Tf-ijit I I'liigrg. Corp., 2250 E. linpi riiil lligliway, El 
Scguriilfi, t al. 


I Kclvlnatiir Dfv., NaHh-Kelvlnator Corp., 14250 
Plymouth Rd.. Detroit, Mich. [;j. ^l) 

I Por/eciilil, Iiie., H)40 S. Main St , Hub Angeles 7 Cai. 


DRINKING WATER CDDLEK FIITfNfiS, KOIJN- 
l AlNS. etc. 

Mettinger En.'iniel I’nrp. Metal Fahriealing Du.. Wiil- 
I tliarn, M.'lhh. 

I .laiiieH It. Clew A Sniis, 201 N. I alin.'iii .Vvi , f'liiejip:n 12, 

I 111. 

f'liiilBirermi Cnrji , 240 Hutler St., llr.iiiklyi C, X.V 
Crane Co., K3l) Michiiiaii .Ave., Clilcago 5, 111 

(,j. 

I'dien M fg. [‘li., lot . I nw II St.. t'nluniluiB M, (t 
Eriirifiiii 3 ’ l‘'aueet f’n. 12 \- a N'lirk Ai e , Newark, N.J, 
lleiieral IiuliiHlrieB I n , A 'raylnr Sta . I'jlryiii. D. 

Ilaya Mfg. Cn., 12t|] A ' iheily SIh,, Erie, Pa. 

\. \ M el l(in:L'il Mi'g I n., 12lli A J’liie Sta., Diihuipie, 
111 . 

II. Ter'ick ItrasH Co., 01 HI W. AleiiuTlie Ave,, Milwau¬ 
kee 10, WlH. 

Sum rie I I , I ileii Itiilnle, P;i 

Tal-Co Mfg. CiJ. 510 N Diairl, nii SIh , Cliieagu 10, HI. 
flalfley W . Taylnr Cn.. Warren. (>. 

'I'enipill Piiiilucl.s Corp., E. Maple RJ., Blrnilnil- 
ham, Mich. f/i Sin 

I Watson-Silllman t-o., Roselle, N.J. (/». Ill) 


DRINKlNi; W.ATER fiDDLER LOVASIDES (See also 
WATER COOLERS) 

.Acme liidu.sirles, Iiic., Mecliaiiic ft fianson Sis., 
Jackson, Mich. (p 

('ranilal-SI an i‘ Tli\ , Hlewei-Til rlieiiei I’Kip . O.'Oi ('inirl 
SI . Hiiigliaiiil nil, N W 

Doyle ft Roth Mfjl. Co., I'oiil 23ril Si., Ilrooklvu 32, 
N.Y. i,i ,Hli 

Diayei-IIaiihnn, Ine., .’I.'IOI Mciirnnl SI , I mb \ngeles Oil, 
Cal. 

(('iintinxril I 


be right... 

nilh America’s Most Complete Line 
of Electric Water Coolers 



SUNROC 

ELECTRIC 
WATER COOLERS 

17 MODELS 
150 VARIATIONS 


A Sunror conlcr far every 
application ... in a stand¬ 
ard model or built-to-speci- 
fications. All hinds of water 
cooling equipment for all 
purposes—for instance, M- 
ray coolers For physician or 

r hospital, all types of bahery 

installations for accurate con¬ 
trol of water temperature, industrial processing 
water and many others. 


(nr the remiival of taeln. orlor anil color ask 
about Mid SUNROC Purlfli-rs NOW! 


SUNROC COMPANY 

[;lk\ ihhht.k r.v 

Branchrs, Aumny aniJ Dlatrlbulors Thmuqhoul Mu' Worlil. 


SINCE 1929 H 

I jemprite 

' INSTANTANEOUS DRINKING WATER COOL¬ 

ERS. .SL‘lf-iooi.iinL*il i.ihmet type.s in preiSuru 
bubbler or boitk* design. 

INSTANTANEOUS BEVERAGE COOLERS: 
l)r.iLiglit beer cuolurs, sodn founiuin LoolerJi, 
eii. 

COMMERCIAL & INDUSTRIAL LIQUID COOL¬ 
ERS' for w'iiier, alioliol, oiinunil oils, vegu- 
rnble oils, inseirii idus, loohinis, nr orlier 
lii|iiiils wliiuli do nor rcait wiiti topper. 

I llsi'tl in il.iiries, breweriL*.s, hoilling pliiiils, 

plioingr.ipliii plums, industrial proressing, 
iliumiLal plants, und any applii'Ution rei|iiir- 
ing Liin.stant lool litiuiLl with ati'iiratc lem- 
peraliire irintrnl. 

INSTANTANEOUS CARBONATOR5 & COMBI- 
NATION COOLER-CARBONATORS for every 
I t>pe Ilf iippliLutiiin in soda fountains, tav- 

eros, loin or manually operated beverage 
dispen.sing niathjnL‘.s. 

, REFRIGERATION ACCESSORIES: Oil separa- 

I tors, heal exchangers, equalizer tanks, beer 

1 and water fniiiets, beer ronnettor tubes, 

soLiion-pressure tontrol valves, 2-iempefn- 
' lure valves, float valves, ett. 

Right with TempritB** 

TEMPRITE PRODUCTS CORP. 

I Dept. RD, E. Maple Rd., Birmingham, Mich. 












































DRINKING WATER COOLERS 
90 DRIVES 


DRINkINU WATER ( OnLTR LOWSIDFS 
(Eontlnued) 

Flltrine Mfft C^n , 53 LeilnUtnn Ave , Brnnklyn 5, 
N Y (p Hn 

frlulilalrc lllv , l,en 1 MfUiirH I nrp , Daytun 1, O 

fp 

Hear-X-Lhan|tcr f o , Ini , Brewster, NY (p 12\i) 
Inlerstatp J^iiKrK Corp 2250 1 Jmpenal Ili^liwiiy 1 i 
fjegundo C al 

kuhlenherfter FnArA (.nrp , 1600 W Cnminun- 

wealth. Fuller!rin, ( b 1 (p ^ h 

Hefrl^Bratlnn Ecnnumlcs (]□ , Inc, 1231 h 'lus- 
carawas St , (^antrin 4, 0 (p / y?) 

Sliii Mitnl MFk ( ij In I Inn ton Vvf il 5ikii Si 
I’hil irli Ipliiii 14 Ml 

Sunrni ( n , (>len Riddle, Pa (p <1 t) 

Pul Co MIj 5 Lu 510 N Dearborn St ChiruKu 10 III 
Ipmprite Produits ( nrp , F Maple Rd , Hlrmlnfl- 
ham, Mich (ji V y) 

DRIVl S, ( IIAIN (See also ( ONVI Y(IRS & ( OM 
PONFNI Sj 

Ilnldwiii Duikworlh Div f liuiii HlH ( o Ki^l Pluinhelrl 
S( SpririKhild Mass 
lliin((iii (iiiir Works (juiniy 71 Muss 
( liJLin Hill In 1li(MJ W llriiti SI Milu luku 4 ih 
1 onvi yni f o 12lill I SlniiHiiri A\t I ns AiikiIih^H 1 il 
[ifTny MIk ( n KK7 IS 4lli SI ( nlumhus Ih O 
liink Jh It Co 220 S Hrliiinnl Avl liidpls 6 Jnd 
Mursn ( ham C n Div of IlnrK Warner ( orn Illmra 

NY 

Paliiiirnii ( n 1701 I’nlimd Avi Dilroil 12 Vliih 
Ramsny Cham C n Ini 000 llroailway Albany 1 N ^ 
SiiuonaB (iLur A Mfg 1 o 2501 liberty PillBburitli 

22 Pa 

DRIVES, ILEXIBLI 

( oiiRrins OrivL Diy , 1 aim ( nrpi , 1750 1 fliilir Drivi , 
D( troll 14, Mirh 

I'liliiii r Mr I I 1701 15 I iiirl \\ Di Ir ill I > Mil 


Refrigeration Classified 


I Simoiidei dear & Mfg Co , 2501 I iberty Avp , PillaburKl 
1 22, Pa 

Spicer Mfn Cd Div of Dana Corp 4100 JlDiioplt Ril 
Toledo 1 O 

S b White Dental Mfg C o , 10 P 4 01h SI , N \ ( 
DRIVES, V-BELT 

Allifl Chalmcra Mfg Cn Milwaukee 1 Wib 
V inrnran Pulhy I o 42(KI WinHuhirkon Avt Plnl irli I 
pliiii 20 P 1 

Ilaldwiii Belting Ini 85 ChamberB St N > C 7 
Browning Mfg Lo Inr Mayavilln Ky 
( hiiugij Di( r iHting Mfg r I) 2500 W Miini n SI 
( hie igo 12 111 

r oiigresn Drive Div 1 aim ( orp 1750 1 I lull r Dnvi 
Detroit 14 Miih 

t oiivivor ( o 12l»0 J SUiUHim \v( 1 ns VngiliH 5H ( 1 
II N ( folk 111 I ling I n 401 Ilow ird S| Sun F r ii mm 
5 f lil 

n avl on Rubber Co 2J42 W Rivrrvir'U \\r Diyl r 
1 O 

H ik J Diik Co lor 24 Sadi Si , PaBaair N J 
Dodge Mfg Corp 505 S Union St Miehawaka liirt 
r LirbitrikB MtiiHi \ I n liOO S JVIiihigiii \vi I liir ig 
5 III 

CratBB Rubber f o S Broadway Deiivi r 17 C nlr 
B F (yoodrich ( o 500 S Mam St Akrnii (I 
W A JoiiHp I ounilry A. Marhiiii f ii 4401 l{noBe\(ll 
Rd (hirLgo24 III 

I ink Belt Co 220 b Belmont Avl Indple ( Ind 
Manny Mfg (n 2')n7 S W ib ihIi f hi ig II III 
New ^^lrk Biltmg A. Parking ( n iMirkit Si Piskui, 
N I 

P ilim I Hn 1 c 1701 Polui l 1 \\t l)[lr»il I Mi I 
Sinioiida Cnar A Mfg I o 2501 T ibirlv 5 m 1‘iltBlMirgl 
I 22 Pa 

Soullnni IlLlliiig ( o 21li I nrnvlhr SI S W Ulinl i , 

(la 

WiHlingluumi I II 1 i|i 1154 (Il III H ( SI IliiTil 

I ' 

I Wnrthlnfllim Pump & Maililnery ( orp , llarrlsnii 

N J fp / J 


(intrh 

^ MinM FPEirir 


nne 


^ HIGH EFFICIENCY 

• Built to highest Pro¬ 
fessional and Enqi- 
neering Standards. 

• Exclusive Super 
Storage feature 
with all models. 

■ 34*^ constant tem¬ 
perature water for 
bakeries, bottling, 
processing. 

• Special coolers 
built to Enginee.s' 
speciRcations. 


WATER COOLERS (Stainless and Duco) 

Cafeteria . . . School . . . Bakery , . . Proc¬ 
essing . . . Industrial . . . Explosion Proof 

WATER FILTERS —DECHLORINATORS 

All capacities. Use with all coolers to re¬ 
move chlorine, rust, dirt. 

CIRCULATING CHILLED WATER SYSTEMS 

for Schools X L 

Hospitals ~ T** 

Hotels ' . W- 

Factories 

Steel Mills 

Buildings j 

Stores, etc. > 

llluitrated—^Typical pack J 

aged Circulating Chilled 
^ Water Syitem with filteri 


Write Dept. RD for Complete Catalog 

FILTRINE MFG. COMPANY • BROOKLYN 5 • N.Y. 


''Pilfers and Coolers for 40 Years" 
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DRIVES 
EJECTORS 91 


DRIVES. VARIABLE SPEED iSr.-i‘ uImi SPEED 

ciianc;ersj 

Viiii'rii'iui 1’ulli‘y ('<).. iHP!iliii‘l;iiii Avi'., Pl'.ihiilrl- 

phiii 'Jif, I’:i. 

AutnnKitic 'I'lMiipiTtLlurL- C'onlri)l r'o.. Inn , riiWiRki 

Avn., I’liiliv. 44 Vii. 

Prrjwrurip MFk- Iiii:., Mnysville, Ky. 

('hicnirii l)i(‘ (':iHliiic Mfjr. I n,. l'/MIM \N . Mniiin:- Si.. 
riiii-MLn* 1-. Ill- 

C'oripri'HB lirivr Div., 'J'nnii Ci)rp., K. Oulor Drive, 

DeirniL 34, Mii4i. 

Dnylnii Hiil)h(*r ('n., J34J . H.Avi .. Dnylmi I, 

f riitCB Huhbitr (’n., DIM) s. iHrnnilway, Denver 17, lAtln. 
Deneriil Elen. (.’□., ] lliver Utl., SelienrM-l:irly Tj, N.Y, 

IE F. Onuilrinli I’rj., 500 S. Mniii St., Akruii. 0. 
llri-er llyilriiulirH, Ine., 454-1 Kill Si., Hriinklyn 1.5, N.V'. 
l.iin.'i Alntiir In).. l'’jiull:iy Ilil., Iniiin. (>. 

Liiik-ltelt In)., 2 110 , IHIh Si., IHiiriijri) S. 111. 

Innk-Jlelt t'o., 2045 VV. llijiitiiid l*;irk. Fliihi. lO, P:!. 
Mnr.Hi' I'liMiii Mniii-W nriiiT liuliiHlrv, lili:n-:i. \.^ . 

.Vcw York Heliinij; it r:i.i:kiiiK ( u-. 1 Murkel Si., l*!iHH:iic, 

N..r 

l’:iliiiir-M[‘i' I'll., 1701 I*[)l:iiiil .\vc., Drlrnil IJ. Mii'li. 
SnIiHluiry Mnlfir Div., Wnym' Mftr. rn., 1201 Lexiniflnii 
•Ave., PuiiiOun, (':il. 

Seieiiii.’ie Unrp., 101 I’ine Si.. Diiylon 2, I), 

SiiullnTii lli4l,iiin I'll., 23l'i I'nr.svlli Si.. -\il.-iiit:i 2, Cii. 

Sf.. roiilrtil I'urjj., V\ irliliHV, n. 

iTinlinuHe I'lee. I3jrn., 1154 rii-Mi-nei* St., ilulTiilD 5, 

N.Y, 

\\CHliiinlinUHn l^li'c. f 'iir|r, 2011 M rl'nniili-s.s .\vi'.. 
'51 iHlivirjrli I, I’.V. 

Won 111 nilf 1)11 Pump ik Marliiuery (iorp., I larri.soii, 
N.J. (/< /■A'f' 


DRV ICE (See siIno CARBON DIOXIDE) 

Air It I'liini Snlivn (.'ii,, IJO E. I2iiii SI ., N.VM '. 17 
l.ifiuiil (.’fiiliijjiie. Culp., .'nOO S, KCiIzir' Ave.. C|iii-;iKO 2'1, 

Ill 

M.'LtljifBfiii I'lii'iiiie.'il Cuj-p,, M'll locHiiri H.'illiiiiore 

3, .\1H, 

PitLsluiruli IM.’it.e l 1 I:lhh f'li., Ii32 I hic ihuhiic \\’;iy, Pitls- 
hiirKh 22, I’n. 


DRY ICE MAKING MAClllINERY 

Iliirrisburd Steel Cnrp., T.O, Max 320. ll;irri.‘»liur»:. l':i. 
l/uiiiiiiuH C'r.)., 420 TiLiviiiKl 1)11 -Avi!., N \^(.^ 17 
I’lin- Ci'.rlHinii' ('u.. Div, ul Air ilrilui i iun Cu., I'.ll I-! 
42iiil Si.. .C. 17 

WitlenrneifT Mat'liini'rv Co., S5() Spaiililiiie Avi‘., Clii- 
rairi) .51, 111. 

Worthington Pump A Mai-liinerv Carp., Ilarrlson 
N.J. ‘ [p. y.;..;) 


DRYERS (See DRIER.S) 


DRYING EQUIPMENT, AIR DR (M.SEUI S PIIA.5E 

Ilu',v8i>r J'lM-hiiii'.al Hrfrij.n'ial luu Di\ . ul’ IIuwmt, liit-., 
I'l-rryvilh', I'L. 

llryaiil. Ilual.i'r ('n., 17S2.5 SI I 'l.iir Avi- , I'Iwi-l.-mil lO. I>- 
Dryiiiiiiiie Div., C'Hrgorain.’ Eii|;r;<;. Curj)., 15 l’:.irk Iluw, 
N.Y.C. 7 

W. A. Hammond Drierile Co., 1211 Daylon -Avr-, 
Xenia, O. ' P 

■li-.fTri-y .\lfK. Co.,HS7 4lli SI ,. Culiimluis P;, O. 

II. .1. Ixaufinau Ud., 13215 Rusi'lawn Ave., Detroit 4, 

M i ch. 

Mclntlre Connector Co , 252 JcilcrMOii St., Newark 5, 
N.J. (P- .w) 

PittBhurffh Lectrodryer C’erji., P.O. Pox 1700, I’itlaburKh 
30, Pa. 

J. r. Pritchard A Ci»., 'IIIK CraiuJ kaiiaas 

City 5, Mo. f/). 7.2) 

UiibbiiiH it Alyrs Ini"., 1345 I atr iiiil:i \vi-.. .'^priiii'lield. 

I). 

Erlw. liriiiieburij; it Suii.s Cu.. 203',I IIuhIuh ,*<1., Malliiiiun- 
24, .Mcl. 

Worthington Pump A Machinery Corp., Ilarriaon, 

N.J. (r. t 'r',) 


nucr ACCESSORIES a fittings a prefabri¬ 
cated DUCTWORK 

I Arnr & Whedoii, Inr,, Medina, N.A'. 

Acme Mfe f'n., Stale Utl. below llhuwn St., 11nlmeEibiirK. 
i Phile... Pa. 

! Adelta Mfu. Co., Tnc,. 2lsl A I'dlswortb. Pbiln. 4li. Pii, 

I Aj:ix Fiirniice Fittinig Co., Iliv. of (Ciiu'iiinati Sheet Mela 
I A ItLiolin^ (a)., 210 E. I’ront St., Cin'ti. 1, O. ^ 

1 -Aaieriraii V’entilaling Hone Co,, 15 Park How, N,V.CE 7 
i VV, H. .Ames Co., 150 lloopiT St.. Sun FrimeiBCO 7, C-iil. 

; llarbcr-Colinaii Co., IIoekford. 111. 

1 Hauer A Hluek. Div. of Ihu Iveiidall Co., 2500 .S Dearborn 
! St., r'liicattij Hi, Ill. 

: CaiiviiB I’roiliielH l lo., 1230 S. 7tli St., St. I.oiiiB 4. Mo. 

I Philip Carey MIr. Co., Enckhiinl, I'in'ti, 15. 0. 

■ Corhinaii Hro«., .31.5 X. rr»ih St.. IMiila. li, I’a. 

I ExceLsior .Steel l''iirnaei' C(, , 1 !.S ,S. (dinton SC, 1 'Ineajio 0, 

I 111. 

i l‘'al8lroni I'o,, 13 ■ Cl., I’.'iHHiiie, N..1. 

' l.i iy Eiiirrt£. Co,, 2733 I'i. I llli SC, I, oh .Aiiki'Ii'.h 23. Cal. 

! Hart A Cuoiey MIr. fni., 500 E. Htli St., Ilolliintl. Mieh. 
I lIi-iii-> l'''irn;ii'i- C-o., Mi'ilina, 11. 

' Mayhli'i-l I‘ruibii't8, Im-., 74l> N. I’laii kin l un Ave., Mil- 

I vaiiki-i il, in. 

I Mileor Steel Cn., Milwaukio-, Wm. 

; I.. .1. Miielier Fiirnaee Co., 2005 VN . Hklaljoiiia Avi'., Mil- 
wuuk> 7 VViB. 

' PaJiBi'hi- .AiriniiMli Co., I'.M!) DiviTnev Pkwy,, f'liii-iiRo 14. 

i 111. 

1 Keevi'P Slei-I A MFr Co., 137 I'k Iron .Ave., Dover, D. 

I'alw. HeiiiieburR A .Sunn Cu . 2l.iiJ!l lluNlun Si., Hulliiiion- 
I 24. Md. 

II. II. HuherlBuii Cu., 2400 FarmeTH' Hank HIiIr., PillH- 
InirRli 22, P;i 

, S(„ Eoiiis Hlovv l’i|)e A lleali r 13)., Ine,., Div. nf Skinner 
IleatiiiR A VenlilaliiiK f ni., Ini-., 1!)-1K N. lltli St., SI. 
' EniiiH li. Mo. 

\'. Iv SpriiiiMi* Cu., Inf.. I'lihirnhiiH, Iiid. 

; C. S. Cypsuin Co., 300 W, -Adainw St., I.'liii'aRo 0, III. 

I WilliiiiriBoii lll•:ller Cu , 2Hi E. lltli Si, , Cin’ti. 2, I >. 


I DliC'l INSIJLATIDN A LINING (Neii siIno INSULA- 
i TIDN) 

I Alfnl Div., l{i'lli'i-ial Curp.. 155 I-',. 4'llh SI., N.'i ,C. 17 
.ArniNlrnng tiork Co., LaiieaHler, l*a. In 

\ Halilwin-Uill Co., .500 HreiitiioK Avn., 'rrenl-nn 2, N.J. 
i l’liili|i Carey Mlg. Cu., Loeklaiid, (.'in'ti. 15, I). 

I'urk Iniporl Curp., One EiirIi' SI., l')iiKlewoiiil. N..1. 

I Cork liiHuliition I'o , Im^., 1.5.5 E. 44lh SI., N.^■.C. 17 
DuIri'u .\1f»ir. Cu , liic., Huiiiiluii, N..I. 

CiiHlin-Hacoii Cu.. 1410 W. I2lli SI., IxaiiMah Cily, Mu, 
Johns-Miinville, 22 E. 4l)lh St., N.Y.C. lb (;). i:io) 
Hobert A. IteaHbey Cu.. 13!) VV. llltli St., N.y.C. 11 
' MaHonil.e tJorp., Ill VV. WaHliiiiKton St., (.'hieaicn. 111. 
i Munilet Cork Curp., 7101 I'unnelle Ave., N. BergtMi, 

I N.J. Iv. !-iS] 

j .Njiliunal CviiHiiio Co., 325 Delaware Ave., Hiinalo 2, 

! N.Y 

Hcrlnr MiniTHl 'I'raUlng Curp., lb E. 4.1rd SC, N.Y.C. 

; 17 {p.j'if!) 

I SI. EuniH Hlnw Pipe A IfeatiT Co., Ine,., Div. of Hkinner 
IleatiiiK A. VentilatiiiR Inn.., 11)48 N. 0th St., SL 
I I.ouiM li, Mci. 

' ."iiainlartl .A.MbesIrip -Mfy. I'u,. HOD VV . ]-]vi‘rRnM.n Avi ., 
I 'liiriLRo 22, III. 

rall.-JenkiiiH Co., 27 SarReaiil SL. Ilolyuki:, Muhh. 

(Irani VVil.son, Inr-., 315 S. Slieriiian, fJiii-.iiRii 4, III. 

Wood ConverHion Co., I'drat Nat'l. Bank Bldg., St. 
I Paul I, Minn. ip- 


i EJECTORS (SBC alao STEAM JE'E) 

I Croll-lli’yiioldB EuRfR. Idi., Ine., 17 John St., N.A'.C. 
i EoBtPT VVlieele.r Curp., 155 Hroadway, N.Y.C. 

' IiiR«'rBoirHaiiil Cu., I I Hroadway. N.Y.fk 4 

Manning .Maxwell A. .Moor', liif., 11 Elian SI., Hiiiljie- 
! port 2, ( 3 . 

Tranler MIr. Co., 105 VValir SI., PitlBbiirRh 22, I'a. 

: WeHtiimhoiise Elee. Corp., P.O. Hox 7318, S. Phila. 1, Pa. 
VV’i'HliiiRliouBe Elei'. ('orp,. 4454 CeneRf-e Si. , HiiiTalo A 
N.’S', 

1 C, H. Wheeder MIr, Col, 1741 Sedgley Avi;., Phila. 32, l^i. 

Worthington Pump & Machinery Corp., Harrison, 
N.J. ip. /44) 


DUCK (Sec CANV AS) 




ELECTRIC GENERATING PLANTS 
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ELECTRIC GENERATING PLANTS, DIESEL OR 
GASOLINE DRIVEN (See also MOTOR GENER¬ 
ATORS) 

liudn (yO.p li5th (k Commercial Ave., ITnrvey, 111 

Caterpillar Tractor Co., Peoria 8, 111. 

CummiiiN I'^iiKine Ciiriipany, Ini:., ColuinbuH, Iiifl 

Detroit Di(*st;l Eiifrine Div.. Gen'l Motors Corp., H400 W. 
f)uti‘r Drive, Diriroit ‘28, Midi. (Staiiilby) 

Electric Machinery MIk. Co., 1338 Tyler St., N.E., Miii- 
ncannlis 13, Minn. 

FairbunKB, Morse A O)., PiCM) S. Michiicun Ave., Chicago 5, 
Ill. 

Hobart IlroB. T’o., 140 Hobart Sf|uare, Troy, 0. 

Lelloi Co., 17U3 S. G8tli St., Milwuukeo 14, WJa. 

Murphy Diesel Co., B317 W. Hunihain St., Milwaukee 14, 
Wis. 

National Supply CvO., Enpine Div., 1401 Sheridan Avi^., 
Spriiifi'lielrl, 1). 

I"). W. Hnun A Sons, Iiii;.., Cniversity Ave., S.E., at 211111, 
Minneapolis 14, Minn. i 

Ready-Pnwer Cn., 11231 Freud Ave., Detnilt 14, 
Mich. (p. 

StorliiiR EriRiiif Co., 12(10 Niiinara St., Iluffalo 13, N.\‘. 

Superior EriKine Div., National Supply Co., 1401 Sheri¬ 
dan Ave., SpriiiKfield, 1). 

Universal Motor Co., 430 iriiivcrsal Drive, DshkoBh, Wis. 

II. S. Motors Corp., 55!) Nchrtuika St., OshkoBh, Wis. 

WiiukcHlia Motor (oi., Waukcfilin, Win. 

WcHtinithDUae Elec. Corp.. F,. PittaburKh, Pa. 

WeHtiiiKlioiiNi' I'ilee. Corp., 4454 lieneBL'C St., MiilTalo 5, 

N.V. 

Witte EnKiiie Wks., Div. of Oil Well Supply Co., 11)00 
Oakland Ave., KuiiHaH City 3, Mo. 

WurtlilnAtun Pump & Maehlnery Corp., llarrlaim, 
N.J. (p. 144) 

ELECTRIC IIEA'I'EK ELEMENTS (See HEATER 
ELEMENTS) 

ELECTRICAL WIRING HARNESSES (See WIRING 
DEVICES) 


READY-POWER 
ENGINE GENERATORS 
for Dependable, Low Cost, 
Independent Elettrk Power 




Generate electric poveer 
anywhere at low cost. 
Ideal for stationary, 
portable or marine use. 
2 to 100 KW-ACor DC. 


Disiel Fuel 


THE READY-POWER CO. 

11231 FREUD AVE., DETROIT 14, MICHIGAN. 


ELECTRODE COOLING SYSTEMS & COMPO¬ 
NENTS 

Eutectic Weldinjt Alloys Corp., 40 Worth St., N.Y.C. 13 
Hcat-X-ChanRer Cu., Inc., Brewster, N.Y. [p. 1^0) 
Universal Welder Corp., 735 CarncBic Ave., Cleveland 15 
O. 

Worthington Pump & Machinery Corp., Harrison, 
N.J. (p. 144) 


ELECTRODES, WELDING (See WELDING ELEC¬ 
TRODES & RODS) 


ELEVATORS, BUCKET (See CONVEYORS) 


ELIMINATORS (See particular type, l.e., ODOR, 
SPRAY, VIBRATION ABSORBERS, etc.) 


ELLS (Sec FITl’INCS) 


EMBLEMS, metal (See NAMEPLATES) 


ENAMEL (See FINISHES) 


ENAMEL, BITUMASTIC (See COMPOUNDS. 
MAS'l'IC) 


ENAMELING, PORCELAIN (See also NAME¬ 
PLATES, etc.) 

Acromark Co., 5 Morrell St., Elizalndh 4, N.J. 

Hettinger Fnamid Corp., Midal FahneatiiiK Div,, Wal¬ 
tham, Milbh. 

ChallenKO tStiiinpiiiii; ik Piiriu'lain (.3)., Craiiil llavioi 22, 
Mich. 

Cliii-;vKi» Vil.ri'miH Ennnii'l PrnductH ('n , 1401-47 S. 5511i 
(-'iMirl. ('ir'i'i'u 50, ill. 

T'ox Cn., I’ox liunc, ('iri'li. 2.'[, I). 

Ili.'iiilz Mfp. f'n., TVon) St. iV IJliu'v Avt*., Pliiladi-Ipliia 
20, P:i. 

Inerurn-llichanlBoii f'n., 32ii(l SL, Heaver Fallft, Pa. 

liiKruni-Kiehardsnii Cn. of IndiiLiia, Frankfort, Ind. 

Mulliiis Mffi. I 'n., S. EllHWfirtli St., Salem, D. 

StrniiK MIk- Co,, SebrinK, f). 

U. S. Rubber (3>., 1230 .\ve. of the Ainerir-iLs, 20 


ENCLOSURES, WIRE (Sec WIRE FORMING) 


ENGINES, BUTANE, GAS, etc. 

Hruce-Maclicth Engine Co., 2111 Center St., N.W., Cleve¬ 
land 13, U. 

lluda Cn., 15th tk Cnrnnicrcial Ave., Harvey, 111. 

IJark llroH. Cn., Iiic., Dluun, N.Y. 

(Vintincntal Motors Corp., MusksKon 82, Midi. 

Cooper-rieBBemer Cnrp., Mt. Vernnn, L). 

('iiiiiniiiiH Eiif^ine 1'iiiiipaiiy', liu-., I'nluinbuH, liul. 
la;Hoi Co., 170fi S. 08th St., Milwaukee 14, Win. 
McCulloch Motors Cnrp.. filOl W. Century Hlvd., T^os 
An)EclcB 45, Cal. 

Sterlinp EiiKine f’n., 1200 Nianara St., IhifTaln 13, N.V. 
WniikDBha Motor Co., WaukuBlin, Wis. 

Weatern Fnisine Co., Div. of V'crnnn Tool Co., T,td., 1101 
Meridian Ave., Alhambra, Cal. 

Worthington Pump & Machinery Corp., Ilarrlsnii, 

N.J. [p. 144) 


ENGINES, DIESEL 

American Locomotive Co., 30 Church St., N.Y.C 
Baldwin Locomotive Wkn., Phila. 42, Pa. 

UolinderH Cn., Inc., 33 Hector St., N.Y.C, 

Huckoyo Machine (I)d., E. O’Connor Ave., Lima, □. 
Uuda Co., 15th & Commercial Ave., Harvey, III. 
IluBch-Sulzer UroH. Diewd EnRine Cn., St. Tenuis 18, Mn. 
Caterpillar Tmctnr Co., Peoria 8, Ill. 

Clark llroB. Co., Inc., Olean, N.Y. 

fJcvcland Diesel Div., Gen'l, Molnra f.'orp., 21li(l W 
lOUth SI., Cleveland 11, 1). 

Continental Motors Corp., MuskeROn 82, Mich. 
Coopor-BeBsemer Corp., Mt. Vernon, O. 

Cummins EriRine (^o., Inc., CulumbuB, liiil. 

( Continued) 
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BETTER Engineering Design! 
BETTER Versntilityl BETTER Economy! 



Models ABN nnd AKN, 
Single cylinder, 3 lo 6 hp. 



Model AEN 71/3 hp. 
Other Single Cyl. Models 
6 to 9 hp. 



lliriSCONSIN:!^f^:Engines 


Wisconsin Air-Cooled Engines offer the refrigeralion touipmenl monufoclurBr 
and power user the cumulative benefits of many years of exclusive special¬ 
ization in the manufacture of air-cooled engines, in a complete power range 
from 3 to 30 H.P. 

Every Wisconsin Engine, from the smallest to the largest, is of heavy-duty 
design and construction, built to the highest quality and service standards 
— to deliver "Most H. P. Hours" of on-the-iob power performance. 

Every Wisconsin Engine is equipped with tapered roller bearings at BOTH 
ends of the accurately balanced, drop-forged cronhshofl to take up end- 
and radial thrusts and provide the greatest protection against bearing Fail¬ 
ure — also permitting safe mounting of drive pulley, gear or sprocket di¬ 
rectly on the extended crankshaft. 

Every Wisconsin Engine is extremely compact and relatively light in weight 
for convenient mounting on a great variety of equipment, without costly 
re-designing or excess weight handicaps. 

Every Wisconsin Engine is provided with rotary type high tensian OUTSIDE 
magneto, sealed agoinst dust and moisture, with impulse coupling for quick, 
easy starting at any temperature, in any weather, assuring thoroughly de 
pendable ignition. 

Every Wisconsin Engine gets a 4-hour test (the lost hour under Full load) 
before leaving the factory. 


SPECIFICATIONS 2- and 4-CYLINDER MODELS 


MODEL 

TE 

TF 

VE-4 

VF-4 

VP-4 0 


3" 

3V4" i 

3" 

3’A" 

3 Vi " 

Stroke 


3V4" i 

3>A" 

3'/4" 

4" 

No. of Cylinders 

2 

2 

4 

4 

4 

Displ. Cu. Inches 

45.9 

53.9 

91.9 

107.7 

154 

H. P. and 

7.2 (fi 140D 

B.Sffi 1400 

15tn 1600 

17.5 frt 1 600 

2 6.8 (n 1 600 

R. P. M. Range 

11.2 (II 2 600 

13.2 fa 2600 

21.5 III 2400 

25 (II 2400 

31 frr.220D 

Net Weight in Lbs. 

220 

220 

295 

295 

410 

(Standard Engine) 

(with Side 

(with Side 





Mount Tank) 

Mount Tank) 





Models TE and TF., Iwo- 
cylinder, 7 lo 13 hp. 



Models VE-4, VF-4 and 
VP-4D, V-kype 4 cylin¬ 
der, 15 to 30 hp. 


SPECIFICATIONS, SINGLE CYLINDER MODELS 


MODEL 

ABN 

AKN 

AEN 

AFH 

AGH 

AHH 


2 Vi" 

2%" 

3" 

3 Va " 

3 Vi" 

3 Vs" 

Stroke 

2 V 4 " 

2 V 4 " 

3'/," 

4" 

4” 

4" 

No. uf Cylinders 

1 

1 

1 

1 

1 

1 

Displ. Cu. Inches 

13.5 

17.B 

23 

33.2 

30.5 

41.3 

H. P. and 

2.2 frt 1 600 

3. (ri 1600 

4.4 fn 1 600 

6.0 (11 1 600 

7.2 Fff. 1600 

7.7 Fff 1 600 

R. P. M. Range 

4.5 fff 3400 

5.0 Fr/ 3200 

7.5 ri, 3000 

7.2 (u 2700 

8.4 Frr; 2200 

9.2 Frf 2200 

Net Weight in Lbs. 
(Standard Engine) 

76 

77 

110 

130 

100 

IBO 


SPECIAL EQUIPMENT: Variable speed controls, clulch lake-oFF □iiembliei and reduc 
lion assembliBi con be Furnished on all modeli. Clulch reduction aiiembliei and 
eleclric starling available for large single cylinder and all two- and four-cylIndBr 
modBli. SpBcial squipiriBnl musr bs specified at lime Bngine is built. 

Wisconsin engineers will be glad to work with you in planning your Re- 
frigerofion and Conditianer poMrer inslallatians. Let us have a look at 
your blueprints and speeiRcalions and see what we con come up with. 



a K<'] I; iwU (o :<•[']:) ii'i iI-tioh 

Worlds L a r g L^s I B u 1 1 d e r s of Heavy-Duty A i r ■ C o n I e d Tnyiriei 
MILWAUKEE 46, WISCONSIN 
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KNf;iNRS, DIKSKL (i:rinllnUL‘iJ) 

DciruiL DIl'bcI EiiKinii Oiv., (iiiii'l. MdLuih (iurp., I'llllll 
W. Outnr Dr., Detroit 2K, Mii-.li, 

Kuirbririka, Murau A f’o., fiOO S. MicliigiiM Avr., ('lkii-:iKii ri. 

IIJ. 

IfuDven, Owenn, Jlcnlachler Div., tri*iier:il MrifliinrM-y 
Corp., 545 N. 3ril Ht., Miimilton, D. 

IiikithiiII Jtuiid ('(»., 11 IlniiLilwiiy, NAM’. 4 
Lima-Huiniltrui Uorp., 545 N. .'Irrl .St., Hainill dm. D. 
Niitiniiiil .Supply (’n., I'uiaiiic Div., 14(11 .Slirriduii Avi‘., 
8priiiK5i‘lil, 0. 

Noribern MIr. Cu., 3073 .S. GIuihl- Ave., MilwauUiM- 7. 
WiH. 

I’ltliiinr JlroB. Enuine Co., (’oh Cub. Ct. 

.SterliiiK lOnKiiit! tJn., 1200 Nijipani St., HulTiilu 13, N.V. 
Superior Engine Div , National .Supply Co., 1401 .Sln-ri- 
ilari .Avi:., .SpririKfield, (). 

I’riitiid Engine (Jrj.,W. Iloiiiun ltd., CaiiHiiifi 12. Midi. 
WaiikoHlia Motor Co., Wiiukeslia, Wia. 

Witte Engine Wka., IJiv. of Oil Well .Supply (3i., IIIOO 
OfikUirid Avn., KaiituiH City 3, Mo. 

Wolverine Motor Wks., liie., 3,5 Ujiinn Ave., JlriilKi'port 

2, Ct. 

WorthIriHlrill l*ump & Machinery florp., Ilarri.siiii, 

N.J. {p- 


I .Sterliiifc I'jiiKiiie (oj., I2(i0 Niacara .St., IlitlTalo 13, N.V. 
I lliiiteil JCiiffine Co., W. llulrnes ltd., T.aiiHiiiK 12, Mieli. 

! WaukeBliu Motor Co., Wiiukoslia, Wis. 

I Wi.scotisin Mulor Corp., Milwaukee 4b, WiH. [}> 

! Witte I'uigiiie Wks., Div. of Oil Well Supply Co., iliOl) 
I Oakland Ave., KaonaH City 3, Mo. 

I Wfirthlniiltriii I'liriip Mr Machinery Corp., flarrisoii 
i N.J. (/.. / ; 'j 

I 

I ICNGINES, STEAM 

.Allies IniM WkH., Ohwi.'ku, N.^^ 

I llooveri, Owr-ii.^, ItentHeliler Div , OtMieral Miidiinery 
I ^ Corp.. 545 N. 3ril .St.. ITarnill on. 0 
I Nordlierj; MIk. Co., 3073 .S. Cliam* Ave.. Milwaiikt'e 7, 
I WiB. 

I Skinner Ijiigine t.'o., iMie, Pa. 

I Troy I'iiiKirie ifc Madiiou ( o., 100 Ilailroad Ave., 'I'rtiy, 

! Cniled Ename t'n., \V. lloIineN ltd., CaiiHinii; 12, Midi, 
j Vlller Mfd. t3)., 2224 S. I,si St., Milwaukee 7, Wls. 

I (p. ) 

I Wiiriliingtiui Pump & Machinery Ikirp., Ilarrisoii, 
j N.J. ip. 


ENGINES, GASOLINE, KEROSENE 

UriKPB A Strallnn t'orp., 2711 N. liUii St., Milwaukee I. 
WiB. 

('oiitiiKMitiil MotnrH ('orp., M iiHke^friu 82, Mii-li. 
FuirbaiikB. Morse A Cn., lilKJ .S. Mieliiyaii Av .. CliieoKo 5, 
ill. 

EcHoi CIo.. 170(1 S. flKtli .St., Milwaukee 14, AVis. 

Novo Engine Co., 702 i’orler .SI., l.aiiHion 5, Mieli. 

D. W. Onan it .Siium, Ine,, CMiverHi(y Ave., .S.E. al. 2,5lli, 
Miiini'a|ioliH 14, Minn. 

SaliHliury M o(,or Div., Wayne M [«. ('o., 1201 D^xiiiRt on 
,Ave., I'oiiioiia, ('ill. 


KtnriflRp 

C-nam££Aec\ 


EVAPORATIVE CONDENSERS 

FREON. . .AMMONIA 



Air Conditioning — Industrial — ReFrigerotion. 
Hot-dipped galvanized offer fobr/cotian. 


Write For Bulletin No. 491. 

KENNARD CORPORATION 

1B1V 5. HANLEY ROAD - ST. LOUIS 17, Mq. 


ENGINE JACKET-WATER COOIJCRS 

Aiiieriraii District .Stcain Co., Hryant St., N. 3'oriawaiula, 

I N.Y. 

I D.ivih Eiai^rK. ( 'orp., IDlil E. Craiid .St,. lOlizahel li 1, .\. .1. 
i Doyle /k Roth Mfil- Co., I'ctot 2Jrd Si., Unioklyii .12, 
N.Y. (p..in 

I FairbankB, MorBe, A Ca., (100 S. Mifhinan Ave.. I'liiciin') 

I 5. Ill. 

! Frick Co., WayncHburo, l*a. [/i. ,7/i 

j Marin Cnil I3i., bl.15 Maiichesler ,\ve., St. Loui.s 111, 

Mn. 1 /). Jnin 

NiirdluTK ('<»., 2,1)7:! S, ('liase Milwaukee 7, 

! Wi.s. 

I Super-Cold Corp., 1020 i. o'.llli Sf,, I,mb AoneleH I, Cal. 

'Frane Co., La Crn.s.se, Wi.s. (p. J/,s'j 

I Worthingion Pump & Macliiiiery Corp., Harrison, 
i N.J. (;». M-i) 


ENGRAVING (See NAMEPLATES! 


EDUALIZER TANKS (See ACGUMlJLA'Um.S) 


ESCiriCIIEDNS (See NAMEPE.VI'ES) 


EVAPORATIVE i:ONDENSERS 

i Acme Industries, Iiic., Meebanic ik f^ainsoii Sts., 

: JackHOii, Mich. (ji.Jli) 

i .American Ulower Corp., Div. of .Airierican Itadiator A 
1 Standard Sanitary Unrp., 8111 liremau Ave., De- 

I troil 32, Midi. 

j American CoilH Co., 25 TicyiiiKtoii .St,, New'ark 5, N..I. 
j Amerieaii Cooling Tower I’d., 2710 Aldiee Si., 1\:iiiBaB 
j City 8 , Ml.. 

Raker Kefriiieratlnn Corp., S. W‘iidham, Me. 
j (p. '' d 

Baltimore Aircoil (.!o., Inc., 2.519 PeiiMBylvaiiiu Ave., 
Haltlmure 17, Md. (p. Ii,i) 

Hetz (airp., 415 Slate St., Hammoiul, Ind. 

HulTalo Forne Co , 217 Aloiliiner .Si , MulTalo 1, N.V'. 

(p. 

Carrier Corp., 302 S. Geddes St., Syracuse 1, N.Y 

(p. 2.7) 

Drayer-IIaiiHoii, Inc., 3301 Metllonl St., Eoa AiiKelcH :i3, 
Cal 

Frick Go., Waynesboro, Pa. fp. ,W) 

Frlgldalrc Div., Gen’l. Motors Corp., Dayton 1, O. 

(p. / ,' ) 

Oay Eiik^'K- Co., 2730 E. lllli St., Ena AnBcles 23, Cal. 
General Elec. Co., Air Conditioning Dept., 5 Law¬ 
rence vSt., Bloomfield, N.J. (p. .iP) 

Ci'iieral HefriKerLil ion Div., V'al ew-ArinM'ii-:in .Miidiinr 
Co., Heloil, W’i.B, 

Coveniaire Corp., .5i:i N. Hku'kwdder, OklaliDina. Cilv, 
OkI.i. 

Harry Cooling Towers. Inc., West St., Doylesinwn, 

Pa. (p. 74) 

( Continnrd) 
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Fit the condenser to the joh ... 
instead of the joh to the condenser! 

(C) EVAPORATIVE 
^ CONDENSERS 

World's Widosi Range—SS Sixes and Styles—2 to 210 TR 






I y ^ 


. \ .i 


Model “P” 


3 lo TOO TR 


Freon or Ammonia 


Outdoor Installation 
Only 


Model "U” 


10 Id 100 TR 

Freon or Ammonia 


Indoor-Ouidoor 


Model “UL" I 


105-210 TR 

Frton or Ammonia 


Indoor-Outdoor 


COOLING 

TOWERS 


Model “PT” 


Outdoor Installation 
Only 


Model “UT" 


7'/, Id 100 TR 


Indoor-Outdoor 


For further informofion, write to: 


Baltimore Aircoil Company, Inc. 

BALTIMORE, MARYLAND 

Specializing in Water-Saving Devices Since I93B 


EVAPORATIVE CONDENSERS 
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EVAPORATIVE CONDENSERS (Conlinueil) 

V. Hill it ('n., Iiu;., 'IfiO PL'iiiiin(£lmi AvL^, Trriituii I, 
N .1. 

Ilnwt Ire Machine I^n., 2H2!i MnnlniNC Avc., Chicago 
IH, III. (p. /,(J) 

Keniiaril Ciirp., 1 HIM S. Hanley Rd., Sf. I..i)uiH 17, Mu. 

(p- 

kuliicnbergcr Enftrg. Ciirp., 1600 W. Ciiminun- 
wealth, Fullertuii, Cal. (p. 

Kold-lluld Mfg. Cn., 603 E. lla/el Si., Eaiifiiiig 4, 
Mich. fp h^.i) 

Kramer I'reiitnn I.iu., Olden & Breiinlng Avon., 
'Ireiitun 5. N.J. (p. /'Pj) 

Larkin CuHh, 51M S. Memorial Dr., S.E., Atlanta 1, 
Ca. (p./,/) 

McOuiiy* Inc., 1600 HriiaJway, N.E., Miiiiieaprdis 13, 
Minn. P l!Hf) 

Mario Coil Co., 6135 Munchesler Ave., St. Louis 10, 
Mo. (p. J'lo) 

Ni'viiinrr Mlj?. ('n., (JriM'iivilli-, III. 

Niagara Blower Co., 405 Lenington Ave., N.Y.C. 17 

(p. !>'n 

J. F. Prilchard tt Cn., MOH Crund Ave., KaiiN-aH City 
6, M o. l p. 7^ I 

Ur*f‘,i> iViiiliK’iH l)iv., lli-friniToiiuii Eiigru. Curp., 2021) 

Niiuiliilii SL.. riiilii. -Ill, IV. 

Hefrigeratliin Appliances, Inc., 017 W. Lake Si., 
Chicago 7, Ill. 

Refrigeration Ii^'nnninics Co., Inc., 1231 K. 'lus- 
carawaN St., Canton 4, O. (p. l'>7) 

Refrigeration ICngrg., Inc., 7250 E. Slauson Ave., 
Lon Angeles, Cal. Ip. I■'>(>) 

J'lilw. llL-miiiburB it iSuiiH l.a»., 2(’k.U( Hiiflliiii Si., niiltiniDre 
24. M[l. 

11.1'j. RiHlnw, 222H S. ALluritir, lUvil., Lofti AngeleB 22, Cal. 
SLuwfirt Ine Miicliiiin Cn., 1282 VV. IbI St,., Poinona. Cal. 
B. F. Sturtcvaiit Dlv., WcstlnghouHe Elec. Corp., 
101 Heailvllle St.,, UoNton 36, Mans. (p. ;.'J) 
'^'l‘lllll■y I'-iigrii,, Ini'., 2l.i Avc II., Ni'wiuk 5. X..1. 

'lYaiic Co., La CrosHe, Wls. (p. //M 

'J'ypl'OOii Air Conclil.ioniiiK Cn., Inr., Div. r>f Ire Air (.’nn- 
riitiniiing ('n., Inr.. 7:14 Union St., Urooklyn 15, N.Y. 
II. S. Air Condllhiiilng Corp., Conio Avc., S.E., at 
33rd St., MlniieapolLs 14, Minn. (p. iii) 

Vlller Mfg. Co., 2224 S. Ist St., Milwaukee 7, WIn. 

(p. 

VVi-8l.iiiKliiniHi' lOliM'. ('iir|.., I'.O. Hii.x 7;{48. S. T'liilfi.. I. 

I'll. 

Worthington Piiinp & Machinery Corp., llarriNon, 

N.J. (p- 17,/,) 

York Corp., York, l*a. Ip. 

Young Radiator Co., Uacriiie, Wls. (p. 77) 


EVAI’DRAI'IVE l^DDLEHS (.See AlMn.SPHKRlC 
COOLERS) 


i:VAPORATORS (See llOILS, UNIT tlUOLERS, etc.) 


Bohn Aluiiiiiiuiii it BraHH Corp., E. Miiumce, .4dri;:in, 
Mich. 

Dean Products, Inc., 1042 Dean St., Brooklyn 16 
N.Y. (p. 

Ileiiitz Mfg. Cu., Front St. it Oliiey Ave., riiiln. 20, TV. 

Huudaille-Hershey Corp., IMOO Foss Park Avc., 
North Chicago, 111. (p. .%) 

Kelvlnator Dlv., Nash-Kelvina tor Corp., 14250 
Plymouth Rd., Delrult, Mich. (p. 2)) 

Kenmnre Machine ProduetB, Inc., 15 Depsw Ave., LyonH, 
N.Y. 

Kold-lluld Mfg. Co., 603 F.. Hazel St., Lansing 4 
Mich. (p, I6&) 

Refrigeration Engrg., Inc., 7250 E. Slauson Ave., 
Lon Angeles, Cal. (p. 

IleynuldH Mctiila Co., 2UUI) .S. Dtli SI., T^oui.MvilU- 1, Tvy. 

Rudy Mfg. Co., DowaKiuc, Midi. 

Standard llcfriKeration tio., .'132 S. Iloyne \vc.. CliicaKo, 

12 . 111 . 

'rciiiii'y JOngeg., Inc , 2lj .Ax'c H., Nnuark ,5, 


EXCHANCERS, HEAT (See HEA'I' EXCIlANtJERSj 


EXPANDICI) ME I AL (See WIRE CLOTH) 


EXPANSION JOINTS 


Aiiiericaii Dislrict SI earn L-'o., Bryant St.. N. Tonawaiiila, 
N.Y. 


f^iaBC BrasB it Chopper Co., 21l(i Cranrl St., W iitorhury HI, 
Ct. 


ChiraKo Metal Mosf (^)rp.. Maywnnrl, 111. 

Ch.'vdanil CopperBiiiitliiiig Wkw., .'iriOl) St iiiii' .\vi;., I Tevi* 
land 2. I). 

f'lilTiinl Mlg. Co., l)iv. Ilf Sill, ’rimiiison i'o , (irnvi- Si., 
VVullliaiii, Miihh. 

Cook Eli;c. Co.. 2700 Soiitliport .Ave., CliicriEO 14, III. 

Crane Cii., H36 S. Michigan Ave., Chicago 5, III. 

ijf.ni'>) 

('roll-lleynoldB EiH^rp;. f'n., Inc., 17 .Tolm SL, 

Dreascr Mfc. Div., DreBser IniliistrieB, Inr., 1!)0 Fialii'r 
Avc., Bnidfonl, Pa. 

I'lori Pipe t’o.. (ill! C. Bed Burl .A\'i‘., SL Louis. Mo. 
]''ijl1oii Sylphon l)i\’isioii. ItohiTl.sliaw I'uHint Cuiiliols 
Knox villi' 4, 'reim. 

Ciirloi'k Pai'kiiig I'o., 402 Iv Main SL, Pii.1 luyni, X.A . 
Arthur JJarriB it Co., 211) N. Ahcnleun St., Cliicago 7, HI. 
.loBBph Kupperiiiaii it Soiih, 312 Ni w St., Pliila. li, Pa. 
Reeves Steel it Mlg. Co., 137 E. Iron Ave., Dover, U. 
Rit*-\Vil Co.. T'liion I'oniiiieri'e Bldu., Cli'vi-liind 14, 1). 
Ituh.'itex Div., IJi'eat Aoii'i’iiiiin )nrluHlTii'.s. l{cr.irorrl, \’. 
Walworth C'o., HD E 42iid St., N.Y.CL 17 
A'aniall-WariiiK Co.. Clii'Bl-niit Hill, Phila. IK, l‘a. 


EVAPORATORS, HOUSEIIOLO REFRH^ERA'I'OR 

Brewer 'i'll rlirnri' i 'lirp., Biiigliiiiul oii, X.^ . 


EVAPORATORS 

Hydrogen Brazed ■ Internally Clean * 
Durable Finish ■ Efficient Circuits * Low 
Cost ■ Modern Production Lines ■ Years of 
Experience 

All oF theie factori make this organization an 
oLLstanding source of supply for production 
quantities of household rerngerator evaporators 
and condensers. 

HOUDAILLE-HER5HEY CORP. 

North Chicago Division. North Chienoo. Illinois 


EXPANSION VALVES, AUrOMA’ITC 

(A—Ammonia; B—Methyl Chloride; C—Sulfur; D— 

Freon) 

(A,B,C,0) Alco Valve Co., H55 KingNland Ave., St. 

Louis 5, Mo. iff. !>1» 

(B,( LD) A-P ('uiitrolH ('nrp., 2450 N. 32nd St .. Milwaukee 
10. VViB. 

(A) Baker Refrig era tluii Corp., S. Windham, 

Me. (p. f/r 

(A.B.C.D) A. W. Cash Cr... 540 N. IHih St., Decatur, III. 

(I),C,D) Detroit Lubricatur IV., 50(K) 'rruiubull Ave., 
Detroit 8, Mi eh. 

(D,C,D) Frlgldaire Dlv., Ceii'l. Motors Corp., Day- 
ton 1, O. (p. /7) 

(.A) CiLMicral 'iefrineralinn Div.. A'alea Aiiierie.aii Ma- 
rliine Cu., Beluil, Win. 

(A.B.C.D) Tlainmd-Diihl Cn,, 213 Riidiinnnd St., Provi¬ 
dence 3. R.I. 

(B,C.D) MnvBDii Mfg. Co., Inc., 4332 Horatio St.. Detroit 
10. Midi. 

(A,B,D) Refrigerating Specirililiea Co., 728 Sarramento 
Blvd., Chicago 12, 111. 

(A) Sporliin A'^hIvb Co., 7525 Sussex Ave., St. Louis 17, 
Mo. 

(A.B.D) XL Bcfrigcrating Co., 1K34 W. 5!lth St., Chi¬ 
cago 31 j, III. 

(A.D) York Corp., York. Pa. (p. r,J) 
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Niagara Blower Company 

Ccnrriil Sales Oflirc: 405 Lexinglon Ave., New York 17, N.Y. 

FielJ Engineers in Principal Cilies 

Allonla — Boston — BulTalo — Chicago — Cleveland — Detroit — Kansas City _ 

1^8 Angeles — Montreal — Philadelphia — Pillsburgh — Richmond — Roeliesler_ 

San Francisco — Seattle — St. Louis 


Products: 


MA(;\K\ AIK C.OINUITIONKR.S— 

Type “C"—Biillelin #80 


NIAGARA FAN COOLERS— 

Bulletin #72, Pan 2 


MACAKA CONTROLLED HUMIDITY 
METHOD— Biillelin #112 

MACAKA NO-FROST METHOD— 

Bulleiitis #105, #1 IK, #110 

MACARA SPRAY COOLERS— 

Biillelin #110 

nia(;ara dual coolers— 

Bulletin #70 



MACARA AEKOPASS CONDENSERS— 
Biillelin #111 

NIAGARA AERO HEAT EXCHANGER— 
Bulletin #9ri 

NIAGARA STANDARD COIL 

SECTIONS—Bulletin #92 

NIAGARA MOTOR BLOWERS— 

Bulletin #B9, Purl 1 

NIAGARA AEROPASS 
CONDENSERS 

Uffrigt-ralion plant operalora, using ihe 
Niagara AiTopass CLiiiilriiser, gain as miicli 
as 35% Lif power liy reilucing r.Dmprr.ssfii 
liead pressures, iliis gain is assurer) per- 
inaiienily because llie palenl Duo-Pass pre- 
veiUs scale depnsiling on Condenser tubes. 
Equipped wilb the Niagara “Oil-out,” a sys¬ 
tem free from oil is obtained. 

NIAGARA “No-Fro8l” 

METHOD 

For refriperalRd rooms below freezing, the 
Niagara “No-Frnsl” Melhod give.s alway.s 
full rapacity at lower insl because nn ice 
ever forms on roibs. ll provides rapiil, uni- 
form cooling for produels, trouble-free op¬ 
eration and lower operating expenses. 
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EXPANSION VALVES, HAND OR NEEDLE 
(A—Ammonia; B—Other refrlgerantn) 

AhIiI ijii Viilvi' f ^ii., 4.'l K'i'iulrir.k SI.., W ri'iiItiiirii, M:ihm. 

(A) Baker Herrlgeratlon Corp., S. Windham, 

Me. (p. 

Oaiie Lu., N36 S. Michigan Avc., (Chicago 5, Ill. 

{p. lU!)) 

(AJ Lreaniery Package Mfg. Co., 1243 W. WaKhing- 
toii Hlvd., (Chicago 7, Ill. !/i ^/V) 

Durling Valve \k Mljt. ( 'u.. Font uf Waliiul. SI., WillianiH- 
Ijfirl-, Til. 

(A,Hj llerNch, lie-sswein Ai Neuerl, Inc., 4845 W. 

Cranil Ave., Chic:.go 3'l, III. [p. /f(>\ 

(A,D) Frick Co., Wayncshorn, Pa. (p. 51) 

(A,H) Ilunimi;!-l)iil»l ( a»., iJ43 RiEliiriDiul SL., Prnvidcn ri; 
:i, U 1. 

(A,BJ Henry Valve (^o., Melriisc Park, Ill. (p. 

(H) KerotBMt Mfg. Co., 2525 Liberty Ave., Plltithurgh 
22, Pa. (p. 

(A) Kohleiiherger ILngrg. (]orp., IfiOQ W. Cuninion- 
WLiallh, Fullerliin, Cal. ip 3!>) 

(II.) Mriiss [)□., Port. Huron, Mieh. 

i leeo ProiJurln I>iv., Jlefii('(“ral inn Mnurg. i’ru p., 21)21) 
Nauilaiii SI.., PliiUulflpJii:!. <411, 

(H) Superior Valve & FIttInga l^o., 1509 W. Liberty 
Ave., Pittsburgh 2fi, Pa. (p. .^4) 

SwifL Lulirii-alor f'o., Inr., 101 Home SI.., Llinira, N.V. 
Tavlor liiHl.ruiiii'nl ('oh., IIT) AmeHSl.. lloelirHl.er 1, N.V 
(A.'B) Vlltcr Mfg. Co., 2224 S. lat SC, Milwaukee 7, 
WIs. (p. 

(.'V) Henry VngL Marhine Co., lOlh A; OriuMby Si,., TiOuiR- 
10, Ky. 

[A,B) WalHon-Stlllman Co., Hoaelle, N.J. (p III) 
(II) Wil.|.t>nincinr Macluncry Co., SfiO N. SpaulrliiiK Avi*., 
Cliii'.aKO 61, 111. 

(A,B) Worthlngtnii Pump Al Machinery Corp., Har¬ 
rison, N.J. (p. 144) 

(A. 11) XL lli'friKerfiLiiig Co., 18.14 W.rillth St., ( :hinftKo ;Hi, 

111. 

(A,H) York Corp., York, I'a. (p. ■>.l) 


EXPANSION VALVES, SI'EClAL LOW I'EMPERA- 
'I URE 

(A—Ammonia; B—Other refrigerants) 

(A.H) Alco Valve t^u., 855 RliigslanJ Ave., St. Louis 

5, Mn. (p. Ii.'i) 

.\ P I ' mil 11 iLs Corp., 21.60 N . ;i2hil SI., .M il w ;uikci‘ 10. WIn. 
(M) Di'lroil. Lulirii-alor ('o., rjOOO 'I'niinlmLl Avi*., Delroit 
8, Mi nil. 

(A,II) Hiiinoiel-DiLlil Co., 2l.'l llii liinoiui 81.., Proviilciipc 
:i. U.I. 

(.4,11) lii.>rri|y;nral,iiiK SpiMMiiUii-s (Ju., 728 S. SuiTamcnto 
illvii., (.MiinnRO 12, 111. 

(11) Spurlaii Valve L'u., 7625 Suhhua .Avi;., Si. Louis 17 Mo. 
(M) Tenney LngrK., Inn., 213 Ave. 11, Newark 5, N.J. 

(11) VV'^iLLnniiieier Maeliinery Co.. 850 N. Spauldiiig .Ave., 
Chinaicn 51, III. 

(A) XT. UefriKeraliiiK Cu., 1831 VV. 5[)lli St.. f'liiiaKo 30, 

111 . 


EXPANSION VALVES. rilERMOS'l'A I'U: 

(A—Ammonia; B—Methyl Chloride; C—Sulfur; D— 
Frctin) 


(A,B,C,D) Alco Valve Co., 855 Klngsland Ave., St. 

Louis 5, Mo. (p :>:>) 

.A-P ConIrol.H Corp., 2450 N. .■12iiil SL, Milwauken lO.VVi.s. 
(ll.C.D) Detroit Lubrinalor Co., 5000 Truiiihull .Avc., 
Dniroit 8, Minli. 

(B,C,D) Frlgldalre DIv., Gen'I. Mutiirs Corp., Daytun 

1.0. (p./;) 

(B,C,D) General Controls Co., 801 Allen Ave., Glen¬ 
dale 1, Cal. (p. (>4) 

(H,C,D) Mayson Mfa. Co.. Inn., 1332 llunilio St.. De¬ 
troit 10, Mil'll. 

(A,ll.C.D) Spnrlan Valve Co.. 7525 Siibbcx .Ave., St. Louili 
i7, Mo. 

(11,D) Tenney EoKruc., Inc., 213 Ave. H, Newark 5. N.J. 
(.A,H,D) XTj llerriKenitioK l.'ii., 183 1 \V. .5l0.li St., t'lii- 
caKD 313, III. 


FANS. FAN BLADES, etc., (See aLsii BLOWERS) 

Acme Erjuip. Co., 205 E. llrojirlwa.v, MuBkoKcc, Okla. 

Advance Fan & Tllower Co., 3428 HjiKli-.V, Detroit, Midi. 

AerovenL Fan Co., 710 E. AbIi St., Piriua, 0. 

Air Controls, Inn., Div. of Cleveland Heater Co., 2310 Su¬ 
perior Ave., Clevelanil 14, (). 

-Aire Foilir Fan & Hlnwcr Co., 2!>0!) Central, Dclroit !), 
Alidi. 

Airinaster Corp., 4317 RavenHW'Ood Avc., ChicaKo 13, III. 

Aladdin Heating Corp., 2222 San Pablo Avc., Oakland 12, 
Cal. 

Allen Ventilator Di\\, Produntiuii Planning Co., 704 
Woodward, Rodiester, Midi. 

American Blower Corp., Div, of Ainerieiin Radiator it 
Standard Sanitary Corp., 8111 Tireman Ave., De¬ 
troit 32, Mich. 

American Coolair Corp., 31301; Mayllnwer St., Jiirkflon- 
villn, Fla. 

.Ainerii'iin M.-ii-liini* PriMludH Co., .MarHlniHl own, la. 

Are* Co., 333 N. Michigan Ave,, Chicago 1, Ill. 

Baiii'r UroH ('o.. 1774 Shoriilao .Avc., .Spriiiglicl d, I). 

Baylcy Blower Cii., 1817 S, lilltli St., Milwaukee 14, UI.-h. 

'riioniiiH lli'cketl tt Co., Inc., P.l). Hi).\ 735-1, D.-iII;ih 2, 

Bishop ik Babcock MIg. (.’□., 4001 ITainilton .Ave.. N.E., 
Clevdund 14. (). 

Bnflalii Forge ('o.. 217 Morlinier SI., BiifTiilo, X.AL 

Burt Mfg. Co., !)32 S. High St., Akron 11, D. 

C *t IT -Air Conditioning Fan (.)o., Inc., 11303 DeKalb Ave., 
N.F)., A tianta. Da. 

Cham pi on Blower it Forge Co., HiirriBlmrg it Cluirlol ti' 
iSIm., L-aiiejipter, Pa, 

('lielHiMi J‘'aii it: Blower Co., Ine., 113!) Soiilli Ave., Plairi- 
lii'lil, N.J. 

Chicago Blower Corji., 4588 W. CongreHH St., Chicago 21, 
Hi. 

(.'larngc Fan Co., Porter St., KalaiiiazDo 113, Mich. 

De Bolliezat Fans, Div. of .Afnerican Madiirie k Mel^alu, 
Inc., F3. Moline, III, 

DeVilbiHB Co., 300 PliillipB Ave., J’oleiln 1,1). 

Diehl Mfg. Co., 1152 Finderru* Avc., Somerville, N.J. 

Dual-Air Fan Co., P.l). Box Hlf), S. J'-lgin, 111. 

nuriroii Co., Inc., Dayton 1, 0. 

ICagle-Pidier Salew Co., AiniTie;i.n Bldg., ('iii’li 1, f). 

Electrnveiit Fan k Mfg. Co., 812 VV. Luke St., Chiniigo 7, 

lOmerHon Elec. Mfg. t.)n., 8100 FIoriBsant Ave.. St. TiOuia 
21, Mo. 

Fasco InduHtries, Tnc., Union k AugUBta iSla., Rodiepler 
2. N.V. 

Carden City I'^an Plo , 332 S. Michigan Ave., Cliicago 4, 
Ill 

General F'Jec. Co., 1 River ltd., Schenectady 5, N.V 

Geiier!il IndnsIrii'B Cf»., Dlive k T;iylnr Si., i’)lyri;i, I). 

Hart Mfg. Co., Ill) Bartlinlomi'w .Ave.. H.'irlfnrtl I, Cl,. 

Hurtzdl Propeller F’aii Co., Div. of (.’astle Hills Corp., Dl() 
S. Downing St., Pirjua, D. 

llg EIcc. k Ventilating (1 )d., 2850 N. Crawfonl Ave., Chi¬ 
cago 41, 111. 

JelTrcy Mfg. Co., 887 N. 4th St., ("ohirnbus Hi, 1). 

Jiihnsnii Fan k Jllowcr Corp., 1318 W. Lake St., (Chicago 
7. Til. 

Joy Mfg. (^ 11 ., Oliver Blilg,, Pil lHhurgli 22, I’a. 

Kidvliiutur Div., NaHh-Kelvliial ur Citrp., 14251) 
Plymimlh RiL, Detroit, Mich. (p. 2 !) 

King Cn., 002 N. Cedar St., Dw’aLonna, Minn. 

Kiihleiiherger Engrg. Corp., 1601) W. Common¬ 
wealth, Fullerton, Cal. Ip H;n 

Ijau Blower Go., 2007 Iloiiic .Avc,, Dayton 7, 0. 

Lehigli Fan k Bluwer Co., Div. of Heilman Boiler Wkw. 
Tnc., .Allentown, Pa. 

Marathon Elec. Mfg. Corp., Waiia-ui, Wis, 

Marlin Fan k Bluwer Co., 41)34 W. 2lHt Place, Chicago 
50, Ill. 

Mauri'v Mfg. Corp., 2007 S. VV aljadi Ave., I Jiicago Bi. 
111 . 

Meier Elec, k Miidiinc C)o., ;{525 E. VV uBliingl on, IntlnlH. 
7, liul. 

Moore Co., Marceliiip, Mo. 

National Engrg. & Mfg. Co.. 510 Wyainlotle St., Kantuis 
City (■), All). 

Herman Nelson Corp., V824-3rd Ave., Moline, 111. 

Newromb-Di'troh Co.,.5741 RuBHr-ll St . Detroit ll.MiiJi. 

Niagara Blower Co., 405 Lexington Ave., N.Y.C. 17 

(p. U7') 

Northern Blower Co., W. 135111 St., South of DeniHun, 
I'levdand 2, D. 

PauBclie .Airbriinh Co.. 1!K)'J Divcracy Pkwy., Cliitugn 14, 


1 


( Continued ) 
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Alco Valve Compan) 

ENGINEERED REFRIGERANT CONTROLS 

8.^1 Kinj^sland Aveiiui% Si. Louis ii. Mo. 

Nlw Y'ohk OrKii.L: 55 Wkst 42Nn Stheet 
Chicago Office: 4534 North Broailway 



THE COMPLETE LINE OF KEFIHCEKANT CONTKOLS 

ALCO THERMO EXPANSION VALVES; fm aiitimiahc conlinl of liiiiiiil n lrie,eraul on 
all lyjHs of rt'lrigL‘i ation and air romlilinning system''. ( aparillis I'rom liaelional lonnagi- 
In 51) Ions rei 111 -IJ.’’ lOD tons Mi'lhyl t lilnriile. Lnu li'm|u'ratiii i* valvis iDr — 40' O'. In 

-1(U)‘’ 1. 






I Mie 102 
%villi |ireM»urc 
liiiiilinR I'naiiire 


'I'vpp 'I’K— 
‘•a viilvcK in I 


ALCO SOLENOID VALVES: 

for all ty[ies of sirvire. h’or 
IJijLiirl ; “1'ri‘oir’- np to 75 tons. 

Methyl Chloride—up to 150 

tons. J''or Siu'tinn : “h'reon"— ^ 

up to S.S toii.s. Methyl Chloritle 

- Lip to 17 tons. For hrine, 

water, gas, air ami steam. ... 




1 V|IK 112 


ALCO AMMONIA CONTROLS: Solenoiil 
loijviirl Valve.s—up to 172 tons. Solenoid 
Suetion Valve.s —nji to 2S tons, 'riieniio h^x- 
paiisinn Vahi's from fraetional lonna.ge to 
125 tons. Aiiloniatie Fxiiansion Valves— 
from frartioiuil loimage to 60 tons. 



Type 1VI*>F 




ALCO SUCTION LINE CONTKOLS: 


ia 

'' «. 



Type EPH- 

fur all refri^er- 
anlM, wlih ciin> 
necliun sizes up 
In Ii in. 



Tvpc 7 :i 2 .SNAP- 
ACITON SlIC- 
TIO.N VALVE 
^—Tempera lure 
II p r r a I B i1 
I/” loiii “Frn- 
on- 12 ’''^l Ion, 
Methyl Chlu- 
rlHc. 


Tvpe 760 
‘ ‘ E V A P O - 

ITIIIL"-Prps- 

Mure llrRulaliir 
— Va I u n , 
“ Fre II n - 12 '" 

■yi Inn, Melh 3 l 
r.lilurlile. 



ALCO also makes; Constant Pre.ssLire Expansion Valves—Liipiid and Suetion Line Strainers. 
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FANS (Cunllnued) 

rani-lytL> Div., St. HtjKiH r:iptr Cu., 231) Park Avi*., 

N. Y.C. 17 

PcL'rlpBB Elec. Cd., 2000 W. Market St., Warren, O. 
Piiiuii Maehiiif; & MIr. Cri., it l.'[)lleKe Sts.. Piiina. 

U. 

J. V. Prlrchuril & (^o., 90H Cirand Aviv, Kaiiaas 
City 6, Mu. (;i. 

lleyiiulfiH Eli!C. ('n., 2lift0 VV^ CutiKresH, iyliirvijcn 12, III. 
IlolibiiiH t Mvers. lin;., 1341) bajturula Avi;., iSpriiiKfiilrl. 

O. 

RuVjiriBon VnntilatiiiK Co., ZoliiMinple, Pa. 

St. Louis Plow Pipo t lliiator (^o., Inc., Div. of Skiiiiicr 
lleatinK & VcntilatinK Co., Inc., 1048 N. !)th St., St. 
T^uuis 0, Mo. 

pScliwitzcr-CuiniiiiiiH Co., IiuiplH. 7, InJ. 

V. M. SproiiHo I'o., liii\, t MiluiiilniH, Iritl. 

.Sl,:iiirl;irrl IClor-. Mf*f. ('o., W. Pirrliii, N..I. 

H. F. Sturtevanl Div., Wi^stliighiiuse Elec. Curp., 
101 Kuadvllle St., Iln.stiin .46, Mass. [p. .i-i) 

f). A. Suttiiu Curp., KFII PIiIk., Wicliil.a. Kan. 

Swift Mfn. (.3)., Inc., H.'i.'i J'j. Nine Mile KiL, Hazel Park, 
Mich. 

'I'urrlnglnti Mfft Cu., 70 Franklin St., 1'orrln|ltoii, 
Cl. (/>. J7) 

Trane Co., La Crna.sc, Wis. (p. /J\) 

TraiiHalru Mffl. (hi., I)lv. nf Penn Elec. Mnlor (hi., 
IH2.S Wylie Avi;., Phlla. 30, Pa. (/;. /rp>) 

LI. .S. Air (hindltlnnin^ (hirp., (himn Avt-., S.E., at 
.43rd .St., MirinL'apiill.s 14, Minn. (yi. ,i7) 

U. S 'riicnnii Cuiitrol Co., 44 S. 12Lli Si., Minneapnlis 1, 
Mina. 

I'IiliI v AppUaiii'i' l.'ni'p., 4Hr>I S'. .Alametla St., Lom AukcIch 
ll.Cal- 

X’iclnr I'licc. I'rnilucl.H, JO/tl) l[nlK'rlHon lid., (hn- 

I'iiiiiiili !l. I>. 

VikiiijB! Air Chimliliuaing Curp., 5(500 Walwnrtli Avc., 

(./Icvflaiid 2, (4. 

Water (hioliiiK I'hiuip. Curp., Afl.nri Sta., St. LquIn 2.3, Mo. 
L. ,J. WiiiK Mfd. Cu.. 1.54 W. Mill Si., N.Y.C. U 

I'ANS, i;ONDENSER 

Mcii'i' I'hi'i'. t Mailiiiir Co., liic., 352.5 Iv Wa.ihinKl"ii 
SI., ItiiliaiiapiiliH 7, liiil. 


Tranaalre Mfg. Cu., Dlv. of Penn EIdc. Motor (^o., 
1825 Wylie Ave., Phlla. 30, Pa. (p. jno) 

Swift MIk- Co., liic., 145.5 E. !) Mile ltd.. Hazel Park 
Mich. 


FAN COIL IINi rS (Si i- AIR CONDlTIONlNi; FAN 
COIL CNl'I Sj 


FARM FREEZERS (Sec HOME & FARM FREEZ¬ 
ERS) 


FA.STENERS & FA.STENINC OEVKJES (See alsii 
BOLTS, NUTS, SCREWS, etc.) 

.AutriHcrew Cn., 21(5 W. 18lh SI., N.\\C II 
llriHtid ('tj., VV'ati'rliiirv 20, Ct. 

HiitTalu Ptdt Cci., JOI IhiMl Avl-., N. Trinawauila, N.5'. 
Central Screw Cu., 350J ShielrlH Avc., ChicaKo 0, 111. 

('haHi- llrasH it ( 'upper (_’n-. 2;5l5 Craiid ,SI.., VV ;i tiTlnirv 21). 
Ct. 

j I'hrrry Hivi-I ( 3)., 231 U in.stnn Si ., Lns A iii'l-Ii-b 13, (';il. 
j Crint.iii<‘iit:il Sifi-w Cfj., 4.5!) Mt PlcaManl. .St., Ni-w Prd- 
! fnrd, Maas. 

1 Cri‘nriMil Hell l'':iMtt‘uiT f'li.. 4SI) I .i'viiie:l "ii A\’i',, \ A‘.(' 
17 

I OzuB FaBtener C'o., Tm;., Haliylun, N.4C 
H. F (iuoclrich C3)., .500 .S. .Main St., Aknm, Ij. 

II, .M. IliirpiT Cu., 8200 Lcliijrli A\m“., .Morlrui Cr.ivi', III 
! I^uxiiiKtuii Supply I'O., 4H1.5 Lc.xiiiKtuii Avu., Clevcl.'uiil 
3, 0. 

Miracle AiliioalvcB ('urj)., 214 E. 5.'5rd Si., N.\’,(!. 22 
(JuikIIou I'5. .Vliiuif (.;n.,28ll N. \’L-nni|ioii, I ):iiivillc, III 
.S’atiiiiial Luck Cn,. 7tli St., it IKtli Avi-., Hnckfnril. Ill 
Paine I 'n,. 211.51 ('arrnll Aye.. Cliicaeu 12. Ill 
Pn*Hl iili; (hu p., 134.5 Miami St., 'rnli'ilu, 1). 

] Itnckfnnl Screw Pruiliicls ('n.. 2.501 III, h .Si., Kuckfrird, Ill 
»S|. LuiiiH Screw it hull Cu,. liOOO \. U'wiiv, Si. I.uiii.s 1,5, 
Mil. 

.Sciivill .Mfyr. ('n .lil Mill SI .. W al I'rlnir.v 20, Cl . 
Sliakeprunf, Inc., 2.501 N. KcIIit Avo*., ChicnKu ■'10, III. 

! SioonoiiB FaHteiicr Ihirj).. N. hroailvvay, Alli;i.iiy 1, N.V 

I Soulli (Chester lh>rp., i4ll Finance llld^., Philadel- 
I phla 2, Pa. ij/. 


A fAST, [COHOMICAl KlPLACtMlNT FOK 
HERMETIC UNIT CONDCNSIR FAN ASSEMBIIIS 



( 


^TRANSAIRE 

MOTOR FAN BRACKET ASSEMBLY 

The TRAN5AIRE MFB is designed Id replace condenser 
Fan assemblies Found un most hermeMcally sealed 
refrigerafion unils . . . regardless oF make or manu¬ 
facturer. It eliminates relying upon hermetic unit 
manuFacturers when a condenser Fan needs replacing. 



^ PERMITS USE OF ORIGINAL MOUNTING 
HOLES WITHOUT REFERENCE TO MODEL OR 
CATALOG NO. 

^ ADJUSTABLE LEGS FOR EASY CENTERING 
^ IMPELLER FAN AVAILABLE IN 4 SIZES 
* DUST-PROOF MOTOR, RUBBER MOUNTED 
ii INSTALLED BY ANY QUALIFIED SERVICEMAN 

Ask your Rnfrlgorulion Supply House or wrilc us for details 


PENN 


ELECTRIC MOTOR COMPANY 


1B75 WYLIE STREET — PHILADELPHIA 30, PENNSYLVANIA 




Refrigeration Classified 


Slronphtjld Screw PrtHiuct§, Inc., 2Ui W. Hubbard SI., 
Cliicuii^o ID, III. 

TinntTinan I’roiluclB, Inr., 2038 Fulton Hd., Cleveland 
13. (). 

IdwMsciid Cii., 20!! liiviT Kd., Nrw HriKiitiui, Pa. 

I'riljirx SiTfw Cn., ,'j317 Uraiil. Ave., ('Irvi'laiul 4, U. 

UiiiO'd-Carr FuBtcner Curf)., 31 Anipa St., Canibridur 42. 
Maas. 

C. iS. llulibcr Co., 123IJ-4ve. of the Anieriran. N.V.C. 2(1, 

FAlJCFr.S, HF.ER, CARBONATED WATER, etc. 

lludHon PriMluctB Cu., Inu., 440 St. A\ibiii, Detrnil 7, 
Atii'li. 

.VIullipli'X Fiiui-et 432.'i Diiiicaii .\vc , Si. Ijimie 10, 
.M 

I'lngru. A Mfp. Cor|)., 30 S. Main St., i loyleHlown, 

11-Perlick llraBH Co., 3110 \V. MeiiKM'kc Ave., Milwau¬ 
kee 10, VViH. 

Toniprile Pruilurls Corji., K. Maple Rd., Ilirmiiifl- 
ham, Mioh. l/>. SD) 


FAUi:ErS, DRINKINC WATER (Sec DHINKINC 
W ATER ITUILER FlTriNCS) 


I EL I (See alsi) INSULATION) 

Amerii'ali Fi-ll Co., Cilenville, Cl. 

.\merii-afi Hair ftt Fell Cn., 222 N. Hank Iir., CliicaUit 
.44, III. <v. JH4' 

Annslron^ Cork Cn., Lancasier, Pa. i/i. 

1' i-lt Prndue.ta Mfg. Co., ITjOS VV. Carroll Ave., Chicago 7, 
III. 

(Irani \Vil,“.oii, Iiii-., MlTi ,Slifriiiati, Cliicagn 4, 111. 

.lai row Pi'iiductH, 420 N. Lo Salli* Si ., (’liieago HI, III. 
JoiiiiN-MHiiville, 22 E. 40tli Si., N.Y.C. 16 (;i. f.H.i) 

llolit. KeaBbe.v,C’o., IH'.I H. lOtli St., N.V.C. II 


FERMENTATION ROOMS, BAKERY^ 

Fred D. I’fening ('n., 107.^> 4V. .'ith Ave., Colunibus 8, O. 

rciiiii'v Fiier'.r.. Iin-., 2ii Avo. 11, \'cw;irk. N..!. 

IJniriii Steel PriMluL'l.s Co., 44H Pine .St., Albion, 
Mli-h. (/.. I7r>) 


FIBRE, VIJLCANI/EO, SIIEEF; ROD; TUIIE, etc. 

.'Viichor I’ar’kiiig Co., 101 N. Hrrjail St.. Pliila. 8, Pa. 

I’iiiilirKaiLal Diainnnil I’ibii' Co., 3 (.'liapiO SI., Newark, 
Del. 

I'iLylor Fibre Co., Norriffl own, Pa. 

'l'l■l■,llnil•Jll Ply-WondH, 22,S N. Ca S:illi‘ St... ('Iiii-.ago 1. 111. 
Wilmington Fiber Speci.alty Ci)., P.O. Drawer 1028, Wil- 
iniiigtrjn !!!), Del. 

Clraiit Wilson, Inr., 310 S. l.a Salle SI., Chicago 4, III. 


FH/I'ERS (See parlieular type; al.sfi S'I'RAINKRS; 
also SCALE 'FRAPS) 


FASTENERS 
FILTERS 101 


FILTERS, AIR (See AIR FILTERS) 

FIL'FERS, air LINE. OIL, WATER, elt. fSee iiInd 
STRAINERS I 

Air Ma/e (’nrp., 520 () IT.'irvard ,Ave., Cb^vrlanil T), II 
American AVater Softener ('o., S.E. Corn it 4 th A Tiehigli 
Ave., Phi hi. 33 , Pa. 

.Aiiiple.x Div., Chrysler Corjn, li.'iOl lIjirpiT Ave., De 
(roil 31 , Mil-li. 

. .V'P Cuntrnls I'nrp., 24 ri 0 N. 32 iiil S( .. Alilwaukre ID, Win 
Hello Industrial Eiiuip. Div., Hogue Elec. Cti., 37 Ken¬ 
tucky Ave., PatiTBon, N..I. 

i Howfler, Inc,, 1302 E. Ocightiiii Ave., Ft. Wayne 2 , lufl. 
i HufTnlo Wire W'oiks, 3200 'Fi rijici'. HufTiilo N.A'. 
i Huhriiig Haler Purifying Co., 4 W. Harlield Ave. 

AI hmtie. 1 lighhinil.N. \..l. 

, Hurt Mfg., Cl.., [132 S, Jligli ^ 1 ., Akron 11 . O 
I Calgoii, Inr., Hagan Hlile., I’ittHburgli 3 D, lAi, 

! Ciirbrtrunduin Co., I’.C llov 3 .M 7 , Niagara V'iiHh, N.A’. 
i Chiejigf) Filler Ijo-, .Jolii'l, 111 . 

! Coebrann Corp., 17 Lh St below .Allegheny .Avi‘., Phila. ! 12 , 

1 Ptt. 

Coiiofinw fajrp , 211 K 1 Arih St., T'hil.a. 3 . Pn. 
j Cuno Flngrg. Corp., 02 S. Vine SL., Meriden, Ct. 
i 1 le Vilbis.s ( 'o., .‘IDII Pliillijis .A \’e . I’l.li'ilo 1 . 11 , 
i DoUinger Corp., 1 Centre Park, llnrheBter . 3 , N Y. 

■ Elei'trir .'-pr yit f'o., iD.'i llliiiihH .Avi ., Shi 4 >oyg!iii, His. 

I Elgin Snfteiiftr Corp.. Elgin, 111 . 

I Filter 1 " l.d., 24 .’iD S. Michigan .Ave., ('liicago Hi, II! 

I E'lltrlne Mlg. ( 3 > , 4.4 Lexlnglnii Ave., llrnnklyn 4 . 

N.Y'. (p. 

1 F’lHclier iV. Purler Co., llalboni. Pa. 

I'rain l‘orp.,riri Pawlueki’l Avr,, IVovnleiiee Hi. H.I. 

I (.las it Oil Industry Eabs,, Ine., 4 I'liine Ave., Irvingloii 
1 ll.N..f. 

j (Ir.aver Watei Condi 1 imiiiig I'o,, 2 I li \\ . lllliSC, .\.\ C. 

! o 

; Grr.MT IlydraulicH, Inc,., 4 .o 4 -IHi,h Kl.. Hroftklyii ITi, N.\’. 

Henry Valve Cn., Melrose Park, 111 . (p. in,') 

I lloiiau-Crane T'orp., Div of I Iniiilailh'-I lershey (.['orp., (i t 
I Indiana Ave., Talianon, liiil. 

Iliigc-rford A 'I'itiv, Inc.. 22 li Alliinlie .Avi;., Chiylon, 

I N..f. 

! Hugo Mfg I o.. 1 !) Avi' .AN A Sui>irifii SI,, llnliilli 7 . 
Minn. 

; liifileii, liii-., 27 . 01 ) ,s Iji.li Si.. 'Flll■|><lnl, Ari/. 

! Ciigaii J'higrg. Co.. 4 KDI \\ . lauv rioifc, I'liii-ago . 3 ( 1 , III. 

I Masoii-Ni-ilan Hegiilal i>r I'o,, I 1 !ltl Ailiims ,SL, Mo.sl on 21 , 
Mass. 

Mclnllru Connei'lnr (!n., 252 JellerHun Si., Newark 
5 , N.J. _ ip.sf!) 

' Moore Produe.tfi Co., H A. EycDining Sts., Phila. 24 , Pii. 

, ,VI ull i-.M elal Wire f'lolli (‘o., lliftll IJarri.son Ave., Hronx 

i .■;!). N.A . 

I C. A. Norgreii, 222 Sant.a J'e llrivc, lleiiver, I'-ol. 

Win. W. Nugent A Co., Inc., 4 ID N. JIiTinitiige Ave., r 3 ii- 
e.ngn 22 , 111 . 

I Oshkosh J'^iltcr A SiiftciiLU' Co., .'ll Cleiipi; St., liHlikosh, 
Wia. 

Puasrlie .Airbrush Co., IDD!) Diversey Pkwv., ('hicago 14 , 
HI. 

Pacific Lumber (ai., Ily PriMiuet.s, 100 Hiisli .Si., .San 
FranclNcn 4 . Cal. ye l.llt 

(Cniif Itninf) 




SCREW TYPE FASTENERS 

WUU a wIAr ^4^ fui*u^ 

fur doors ond panels. One lize Filk 90 % oF your 
jobs. Uniform tension at maximum or mini¬ 
mum grip. Wrile for free illuslrated booklet. 

SOUTHCO Div., South Chester Corporation 

1411 Finance Building, Philadelphia 2 , Pa. 







FILTERS 

102 FINNED COILS 


Refrigeration Classified 


FILTEH.S, airline (Cunllnued) 

Futd Filter Corp. of AinEjrica, 440 Lafayette St.. N.Y C. 3 
Redo Produotfi Div., RpfriKeraliuii EiiKrg. t^orp., 2020 
Nnudain St., Pliila. 40, Fii. 

•Sehwiirtz Mfn. fJu., Two Hi vers. Wia. 

Sporlftii Valve f-ii., 7!i‘2ri Svihhpx Avi-., St. Louin 17, Mo. 

Sunroc Co., Glen Riddle, Pa. (p. s;t) 

"J'aylor Inatruinprit Coh., 1)5 .Aoiijh ^ . HonlieBter 1, N. V. 
W.LJ.H. ()il CliiriliiT, Inr... IvjnffHtrjii, N.V. 

Wuyiii? Hriisa (^o., Iik;., 230 W. Main Si., Fori. VVayiif. 
Ill il. 

WnoBtiT RriiHB ('u., 1415 K. Mowifian St., VVonBlcr, O. 


FILTERS, MAGNETIC 

FiHi'her it Porter Co., Ilatboru, Pa. 

Steariin Miienetic MIk. Co., 007 S. 2S SI., Milwaukee 4, 
Wia. 


FILTERS, REFRIGERANT (Sec alao STRAINERS) 

AmIncD Refrluteratlnii Produets Cn., l4544-3rd Avc., 
iJetrnlt 3 , Mich. ( 71 . I4f)) 

Ampicx Div., CliryHler Corp., 0501 Harper Ave., Detroit 
.31, Mieh. 

A-P ContmlH f’orji., 2451) N. 32nd St., Milwaukt-u 10, Wis. 

Baker RefrlUcrator Cnrp., S. Windham. Me. (p. (IS) 
(^‘e-Kli'i'r PrnduclH, Ini., 1)47 VN'. 01 li Si., Cincinnali !t. 1). 
Cuno JiiiKCK. Corp., 1)2 B. Vini; St., Meriden, (^t. 

Dernrh, GcNsweln Si Neuert, Inc., 4H4.5 W. C>raiid 
Ave., Chlcuilii 39, III. l/i. 4^') 

Dcilliiif'er Corp., I C-eiitre Park, RindioBter 3, N.Y. 

Henry Valve Go., Melrose Park, 111. (p. IHJ) 

Imperial llrass Mid- (^u., 537 S. Racine Ave., (]tilcaUo 
7, 111. (p. 107) 

kelvlnalor Div., Nash-Kelvinator Corp., 14250 
Plymimth K I., Detndi, Mich. (p. 2/) 

Kenmoro Macliini- I' iiihirtH, Inr., 15 Drnt‘w Ave., Lynns, 

N.Y. 


;vENRn 


“Y ” STRAINERS 



Mr;i?iS |il;ilril .sirrl .s|r;iirn-i wt-ldnl cun 

siriiclinii, fnrucd lii;is.> end caps willi iiilcv;ral 
linings. .'^ilviM lir;i/i-d juiiil>. H liuli ilislui 
linn priMif ai’ccs.s flange, pniicclivc .screen li.il 
lie nil iiilel. .Screen area 2.i )n ISO sf|. in. 
.'^i/’c.s •■'n" llirii 4's'' D.D. .sidder. 

WRITE FDR CATALOG 

HENRY VALVE CO. 

Mclroie Park, lllinaii, Suburb ol Chicaso 

APPROVED FOR USE BY THE ARMY - 
NAVY • COAST GUARD AND THE 
MARITIME COMMISSION. 


! Kerotest MfR. Co., 2525 Liberty Ave., Pittsburgh 22, 
Pa. (p. S05) 

Kohlenberger Engrg. Corp., 1600 W. (Common¬ 
wealth, Fullerton, Giil. (p. !S9) 

Mclntire (Connector Co., 252 Jefferson St., Newark 5, 

N. J. (p. Hit) 

MichiRan Wire Cloth Co., 2098 Howard St., Detroit 10, 

Mich. 

Moraine Prnduf'tfi Div., Cleii'l. Motors Corp., Dayton 1, 

O. 

Mueller ItrusH Cn., 192.5 Lapeer Ave., T’ort Huron, Mieh. 
A1 ulti-Metnl Wire I'lutli Co., 1350 liarriHon Ave., Hronx 
59. N.Y. 

II. A. Phillips & Co., 3255 W. Carroll Ave., Chicago 
24, Ill. ^ ip. 14^) 

TlefriKeratin^ Specialities (jO., 728 S. Sacrainento lllvd., 
ChicaKO 12, HI. 

Remro, Ine., Zellenople, Pa. (p. iS'7) 

(Jyrus .Shank Co., 623 W. Jackson Blvd., Chicago 6 , 
III. (71. 165) 

Bpurlan N'alvi* I'n., 7525 ,Suhh[‘x .Ave., St. Louis 17, Mo. 

Superior Valve Jk Fittings (]□., 15B9 W. Liberty Ave., 
Pittsburgh 26, Pa. (p. HH) 

Vlller Mfg. Co., 2224 S. Ist St., Milwaukee 7, WIs. 

(p. ^^1) 

Wiibasli MIr. Co., 2300 S. W>.sh.‘rii Ave., (-'liicaKn 8, 

III. 


I FINISHES 

Acme White Taiail Jc (hilnr Wks., 8250 St. Aubin Ave., 
Detroit, Mieh. 

.American Chemical Paint Co., Amblor, Pa. 

.American Marietta t.o., 43 K. Ohio SL., CliicjiKo, Ill. 

Arco Co , 7.301 Hessemcr Avc., Clevclanrl 27, 0. 

.\tlaB Powder Co., N. Chicago, 111. 
i Haer Hros., 438 W. 37th St.,'N.Y.C. 18 
; Chicago \'itrouUH laiainel Produi’ls Co., 1401-47 S. 55(h 
i ( hmrt, (.'ieiTo .51), III. 

i Dennis Cheinical Co., 2701 Papin SC, St. Lnuis 3, Mo. 

I E. 1. du Pont dis Nemours A; Co.. Inc,, Wilmington DM, 

! Del. 

I ICaglo-PicliLT Sales Cd., American Bldg., Cin'Li. 1, 0 
I Hcnj.amin Fouler Co., 4535 W. Girard Avc., Phila. 31, 

I Pa. 

I General Elen. Co., I IlVe: Hd., Schenectady 5, N.V 
I Clidiien Co., llOOl Madison Ave., Cleveland 2, 0. 

I Grand Rapids Varnish Corp., 1,360 Steele Ave., S.W., 
Grand Rapids 2, Mich. 

Hercules Powder Co., Didaware 'Prust Bldg., Wilmington, 

! Del. 

i A. C. Horn Cu , Inc., lOlli SI. A 44lli Ave., T-ong iHlaml 
! City 1, N.A - 

‘ Inertol Co., Inc., 470 Frelinghuysen Ave., Newark 5, N.J. 

1 Inlcrcheniical Corp., 57 State St.. Newark, N.J. 

1 Joiies-Dabney Co., Div. of Devoe it Haynolds, 1481 S. 
i 11 th St., Louisville 8, Ky. 

j Maas A; Waldsteiii Co., 138 Riverside Avc., Newark 4, 

! N.J. 

j Master Meehaniis Co., Freeman lid., Clevidand 13, [), 

I Monsanto (diemieal Co., tiOO Monssinto Ave., Springfield 
I 2, Mass. 

National Lead Co., Ill Broadway, N Y.C. 0 
! O’Neil Duro Co., P.O. Hox I JOG, Milwaukee 1, Wis. 

I Pittsburgh Plate Glass Co., 032 Diniuesnc AA^ay, Pitts- 
i burgh 22, Pa. 

(Juigley Co., liic., 527-5th Avc., N.ALC. 17 
Randolph Products Co., Carlstndt, N.J. (p. lUS) 
Sherwin-Williams Co., 101 Prospect Avc., N.W., Cleve¬ 
land, O. 

L. Sonneborn Sons, Inc., 88 Lexington Avc., N.Y.C. Ifi 
Steelcoto Mfg. Co., 3418 Gratiot Ave., St. Louis 3, Mo. 
United Chromium, Inc,, 100 E. 42nd St., N.Y.C. 17 
U S. Gutta Percha Paint Co., Dudley A Eddy Sts., Provi¬ 
dence 1, 11.I. 

Vita-Var Corn., 1180 Raymond Blvd,, New-ark 2, N.J 
Zapon Div., Atlas Powder Co,, Stamford, Ct. 

FINNED COILS 

(A—Ammonia; B—Other refrigerants) 

fA,B) Acme Industries, Inc., Mechanic fli Ganson 
Sts., Jackson, Mich. (p. 211) 

[A,B) AeroAn Corp., 410 Gediles St., Syracuse, N.Y. 

[v- 11) 

(lA) American Coils Co., 25 Lexington St., Newark 5, N.J. 
[a,B) Baker Relrlgcratiun (mrp., S. Windham, Me. 

(p. r>9) 






Refrigeration Classified 


FINNED COILS 
FINNED TUBING 103 


(hi L'orji., 44-'> Sltilf Si.., I liLiiiiinuiil. IikI. I 

ifV' MlisttfitMd AlfK. f"o., l.iL’Ii .SI.. Midi. 

Urown rint,iil)B Co., Elyrifi, 0. | 

I A,B) Ruiih Mfft. Co.. 179 South St., W. Hartford 10, j 

Cc (/j. /,[>) 

A,111 (jniidi(hiiiairi‘ I'riil l)iv. iif 11owl‘ Ire ! 

Marhine C.o., JSI.S MLiiiiniHp Ave., Chlraiio IH, 

111 . ^ !;). t!)S\ ! 

f.A) I.Vi’IonB Iron Wks., H37 Folsoio St., Sail FninrlHoo 7, ' 

Cal. 

(B) Doyli* & Roth Mfg. Co., Foot iSrd Si., Hrooklvn 
.12, N.\. (/». .^7) 

(B) Feddcr(i-Oui(taii Corp., 57 rniiawaiidii Si., Buf¬ 
falo 7, N.Y. (;>. 

fA,B) Frick Cn., Wayneshoro, Pa. (/i. ,7/i 

(lij Frigldalre Dlv., Gen'l. Mutur.s (]orp., Davtoii 1 , 

O. '(/•./,') 

iB) General Flee. Co., Air Cnndltloniiig Dept . 5 
LauTBiice St., Bloomfieltl, N.J. (p 

l.\.Uj CiL'iiiTal 1 li'fiip,fr!il.iun ^ a 11 “.‘* .A iiii‘ric!iii Ma- 

diim^ Cij., Hi.'liiit, AViti. 

(M) llasliiiKB Air CniiilitiuniiiK Co., Ini;.. HaatingN. Noli. 
(A,!!) Howe Ice Machine Co., 2H2F> Moiitroac Ave., 
Chicago IH, 111. [p. 41 !j 

(B) IIuBBmann Refrigerator Cii., 2401 N. Lefling- 
well, St. Lnula fi. Mo. (/>. sri) 

(A,11) III (ills I,rial MIk- it MoKruf. Co., MS-IA N. Havrnswood 
Avu., Chimeo Cl, III. 

(A,B) Rennard Corp., 1H19 S. Hanley Rd.. Si. Louis 
17, M o. f p. (!) 

(A,H) kohleiihergcr lOiigrg. Corp., IhOO W. ('iimnion- 
weallh, Fullerioii, Cal. lyi. .'-*''1 

Kramer-Trenlon Co., DldLMi A Hruening 
.Aves., I’reiiton .5, N.J. d' 

I.arkin Colls 519 Memorial Dr., S.F.., Allanla I, Gu. 

(;>• 

(II) McCord Corp., Kiiipelle Hr L. lirand HIviL, 
Detroit 11 , Mich ip. 7 .) 

iA,H) McDuuy, Inc., 1600 Broadway, N.IC, Mlnneap- 
nlis 13, Minn. (/>. / A'o 

( A.H) Mario Coll Co., 6135 MaiichesI er Ave., St. Louis 
10, Mo. (p. foo) 


(11) Aldco MIk. Cl)., Iiip., Crund .Avi'., Ilidpidlehl, N. .1. 
(H) Weesi* it I.ime KI'liiirr'raiinn Proiliirlis. Iiii ., 1S!)1 F'ark 
Avr.. N.V.C. ;to 

(A,Bl Hefrlgeralioii Appllaiires, Inr., 917 W. laike 


SI., r.hicagii 7. 111. lyi. jo/) 

(A,B) Refrigeration i<)coiioiiilcB Co., Inc., 1231 F. 

TiiHcurtiwa.>i Si., Canton 4, O. ip. 

(A.B) Refrigeral Ion Lngrg., liir., 7250 li. Shiusnn 
Ave., l.os Angeles, Cal. [p. IHti) 


(A,11) Itoiiipr- Cl)., .'Ml) X. SiiiT.iini'iiti) Hlvd., Cliji-iiuii I'J, 
111 

IB) Riime-Turney Radiator Co , Rome, N.Y. (p. UK')} 
(A,11) Sli'Wiirl. ii-n Miieliiin* I'n., 1282 W. lal SC, I'oiiiniin 
C/ii. 

(A,H/ Sii|ii‘r-( Did I Dr|) , 11)20 C. .'iOlli SI., I.'i.h \ii)M‘Ii‘^> i. 

(11) TViiiii-y Lnprp., Inc., 2f) Ave. 11. Newark .''), N.J. 
ill) Trane Cn.. La Crwssv, Wls. \ p. JIS) 

lA.lli C. vS. Air ConJilloiiliig (airp., Como Ave., 
S.IC, ai .l.lrd .Si., Minneapolis 14, Minn. ip. 
(.A,B) Vllter Mfg. Co., 2224 S. Isl St., Milwaukee 7, 
Wls. (p. .i:i) 

ill) VVi; l^■nlll(.•l[.‘r Miieliinery I'n., S.'iO N. .‘^paiililinp .Ai-e., 
Chi Cairo .Al, III 

(.A,IJ) Worlhinglon Pump A. Machinery tairp., Har¬ 
rison, N.J. I/). /-Dl.) 

lA,ll) .VI, Ifcrriperaiinp Co., IK.'M \\\ ,'’(!l||i Si., Chiiriipri 
:ili. ill. 

(A.B) York Corp., York, Pa. (/i. ,‘7J) 

Young ILuliaior (ni., Racine, Wis. (/», /'/) 


FINNKD TUBlNt; 

Aerolin Corp., 411) lieddes SC, Syracuse N.A'. 

l/r 77) 

Aiiiericjiii Coils Cn., 2.''> LixinplDii SI., Newark !}, \..I, 
j llrowii I'iiiLiiln' f'n. Clyri.'i, I). 

I Rush Mfg. Co., 179 Soulh SC, W. Hanford III, Cl. 

I , (;». i'O 

: Dctmil Ici‘ Madiinc I'n , 21’) I.'') 121 li .SI., Milrnil, .Mieli. 

j i Cr))l f/il l/rif J 


ASMIK ViM’euiars 
art* avaiiahle 
on the folioiring: 

tUtI- Hdw to Write and Present An Engineer¬ 
ing Paper .j5 

#2—Refrigeration Indu.stry Forum $1.00 

^TA-Corrosion Report LOO 

#5 Demand for Refrigeration .50 

#6 Educational Guide to Refrigeration and 
Air Conditioning Training Facilities in 
the U. S. .75 

^7—Brochure on Psychromciry 1.00 

-Refrigerant Tables, Charts and Charac¬ 
teristics 1-50 

(also available bound in cloth $2.00) 

Refrigerating Engineering as a Career 

$ 1.00 

by the ASRE Committee on Education 
(1950), Dr. Donald K. Tressler, Chair¬ 
man, in collaboratiDn with the Research 
Staff of the Institute of Research. 

Get your copy of an up-to-date list of ASRE 
Publications from; 

THE AMERICAN .SOCIETY 01' 
REFRIGERATING ENGINEERS 

■ 10 Wp.Nl 40 .'^Irepl, New Viirk HI, X.A . 
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FINNED TUBINC (CnnrlnuBd) 

Doyle fit Roth MfH. CJo., Foot 23rd St., Brnnklyn 32, 
N.Y. {p.HD 

U A 0 Mfjj, Co., 138 WinrliCBter Ave., New Haven 8, f'*. 
lIrat-X-t]hanaer fJn., Inc., Brewsler, N.Y. (/» Hd) 
lleintz MFr. Co., Front Ht die Oliiey Avp., PhiUi. 20, Pa. 
IiiduBtrial MIk. dc Kiiare. Co., 3845 N. RaveriBwoud Ave., 
ChicBKD 13, 111. 

kuhlenherilcr Enflrg. (^nrp., IbOO W. Conimoii- 

weallh, Fiillerliin, Cal. (/i HU) 

Kramcr-Treiiliin Co., Olden & Breunlii)^ Aves., 

Trenton 5, N.J. fyi. 

McCord (]orp., Hlopcile & E. Crand Blvd., Detroit 
11.Mich. {p^S6) 

MpIco MIr. Co., Inr., Crand Avi‘., Ridnefield, N.J. 
HefrlAeratlnn Appllancea, Inc., 92.1 Lake Si., Chi- 
cuAii, III. \p Jdl) 

Hefrlfteratlon EconnmicH f^o., Inc., 1231 E. ‘I'usca- 

rawas St., Canton 4, O. fii. IH!) 

Refrigeration EnArfl., Inc., 7250 E. Slausun Ave., Loa 
Anaelea, Cal. f/i. ldH) 

Rome-Turney Radiator Co., Rome, N.Y. (/». Id.l) 

Tenney EngrR., Inc., 2li Avo. 11, Newark 6. N.J. 

'J’lli'o Fin TuhiiiR ])iv , Kenlile, Inn., 5H 2nd \vi- . 
hniiiklvii 15. N 

Wnlveriiie Tubt* Div., Caluoict ik Hecla C'ihih. ('opprr 
C’o , 1411 Central Avi*., Detroit !J, Mirh 
Young Radiator Co., Racine, Wls. (;i. 7i) 

FISH REFRICERATORS (See DISPLAY CASES) 
FmiNGS, AMMONIA 

Baker Refrigeration (3irp., S. Windham. Me. 

(|i (!H) 

(\tpi(iil M/r ilr Supply Co , 15.1 \\ . KuHon SI , ( oIuiiibiiH 

D. 

(Vane fjo.,-N31i Michigan Ave., I]lilcago .5, 111. 

(p. !d'i) 

Creamery Package Mfg. Co., 1243 W. Washington 
Blvd., Chicago 7, III. (/* {'«) 

Derach, CesHweln Ac Neuerl, Inr., 4845 W. Crand 
Ave., Chicago 39, Ill. (/> if!) 


Frick Co., Waynesboro, Pa. ip. /it) 

Henry Valve Co., Melrose Park, Ill. (p. td/,) 

Kohlenberger Engrg. Corp., 1600 W. (Simmon- 
wealth, Fullerton, C^al. Ip 3d) 

Cyrus Shank C^o., 623 W. Jackson Blvd., t^hlcago 6, 
III. (p I. 

I Tubo-TuniH, Tnc., 224 E. Hroiidway, Louisville 1, Ky 
I Henry VoRt Machine Co , 10th dc Ornishy St., Louisville 
10. Ky. 

Watson-Stlllman Co., Roselle, N.J. ip. Ill) 

Worthington Pump & Machinery Corp., Harrison, 

N.J (p. I i4) 

XI .1 HidriRiTiilinR t'o , 18,34 W. 5[ltli St., fliieaRn 3li. Ill 
York Corp., York, Pa. ip. ."i ‘) 

riTTINCS, BRAZING & SOLDERING 

('iipitol Mfg ik Supply Co., 153 W, Full on St , ('oluinbuH, 

D. 

riinsp llrasB ik Copper Co., 2.30 Crand Si., Wal erburv ‘.N. 
CL. 

t'^rane Cu., B36 Michigan Ave., Chicago 5, 111. 

(p. Id 0 

Eutectic WcddiiiR Alloya Corp., 40 Worth St., N.Y.t^ 1,3 
Drabler Mfg. Co., 0.5115 Broadway, Cleveland 5, D. 
Kernlest Mfg. Co., 2525 Liberty Ave., Pittsburgh 22, 
Pa. ip. d),) 

Mueller Brass Co J'.C.'S l.api'ii \\i , I’ml Tlurrtii, Miili 
National Lead Co., Ill Brnadwiiy, N.Y.l^ fl 
Northern Indiana BrasB Co , 035 riiini St., I'jlkiiaii, Iiiil 
I'liited Wire ik Supply Ct*rp I I07 EIiiumiolI V\ . 
iViu iileiir i* 7. 11 I 

Walworth Ci» . liU E. 42nd St.. N Y.C. 17 
I Watson-Stlllmaii Co., Roselle, N.J. (p. Ill) 

' W.'ivne Brass Cn , Ine , 2,t0 \\ Miini SI., 1 ml \SiiVMii , 

' ‘ Ind. 


Fri'TINGS, l^APILI.ARV TUBI. 

Kr‘iiiiirin Miiehiiie JViiiliiils liii . 1.') Drpi a \\i 
l<yoiis, N ^ . 

M uell(‘r Bi !iHh I'll , I OJ.") I.apei r \m I'ml Iliirmi \liili 
Walmsh MFr. Co., 2300 S. W eshTii ^^e., ClneaRo S, Ill 


■ .1 tr 


SUPERIOR 

“STA-TITE” 
FLARE NUTS 



J, 

The eicluiiVE Supenoi "Sla-Titc" Flare 
Nuks are for uie on connecli^ns which 
are subject to frosting and defrosting. 
jV Moisture accumulated during defrost- 
^ ing between the threads on the inside 
7.' of the nut and outside of the fitting 
i will freeze and eapand during frosting, 
causing damage and loosening the 
Flare Nut. With holes in the nut, this 
• pressure 11 relieved long before damage 
Luuid occur. For more information on 
I "Sta-Tite" Flare Nuts and other flare 
fittings, write for your copy of our 
' i: Catalog R- 4 . 

SUPERIOR 

valve & fiffi'ngs co. 

1509 W. Liberty Ave., Pittsburgh 26, Pa. 


5,^ 

•jT/ 


V 


.rV^ENR'^ 

I Drop Forged and Cold Rolled 
I Steel Pipe Fittings 


Compact in design without sacrificing 
strength. Will readily withstand pres¬ 
sures much higher than those of actual 
operating conditions. Accurate and uni¬ 
form standard depth threads enable the 
quick forming of straight lines and 
tight joints. Complete line shown in 
Catalog No. 70. 

HENRY VALVE CO. 

MulroBD Park, llllniili. Suburb of Chlcayu. 

APPROVED FOR USE BY THE ARMY • 
NAVY > COAST GUARD AND THE 
MARITIME COMMISSION. 
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For efficient heat transfer... 


"Ro-Fin" Tubes 



Over 100 sizes and shapes available for all types of heat trans¬ 
fer equipment—straight lengths, U-bends, continuous coils, 
tube-within-a-tube types. "Ro-Fin" Tubes are made to your 
own specifications. Write for complete information! 

Other ROME-TURNEY Products 

Water Cooled Condensers Blast Air Cooling Coils Blast Air Heating Coils 
Concealed Copper Radiation Heat Exchangers Oil Coolers 
Helical Finned Tubing of all descriptions for all purposes 



150 Canal Street • Rome, New York 
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FITTINGS, CARBON DIOXIDE 

l.'iiljiLnl Mfg. 4. Supply Co., 153 W. I'lilton St., UoluiiibuH, 

0 . 

(Vlrk Co., Waynesboro, Pa. ip. hi) 

Kuluih MruH. t't)., \ H22 Mcl.liill Si., iJiiyl.rui 1,0. 
iVliuiiliT liriLHH ('ft., injr) Ij.-LprtT Avf“., ritrl, niiriiii. Mil'll. 
Tubfi-TurnH, Iiic., 224 K. Ilrottclway, tiOuisvillK 1, Ky. 
Vibrawia] Corp., 2H32 IC. Grand Hfvil., Detroit 11, Miidi. 
VilI.er Mf)i. I'u., 2223 S. 1 h 1 Si ., Milwavikee 7, Wits. 
Watson-Stlllman Co., Huselle, N.J. [p. Ill) 

Witteiiiiieiur Machiiiury ( 'rj., 850 N. Spauldiiid: Avc., dii- 
eaiiu 51, 111. 

Worlhlngton Pump St Marhinftry Corp., Harrison, 

N.J. iv. 14',) 

York Corp., York. Pa. (p. 


FIITINGS, CASr IRON 

Ainrriciiii Flexililf. Coupling I ff-. 180.'^ I’illHliurKii -Avo., 
Krii*, Pa. 

.Tanii'H It. ('low 4 Suns, 201 N Talituiii Ave., Cliifaifo 12, 

111 . 

Oane IjO., H.46 Mlchliiaii Avc., Chicago 5, 111. 

ip. I01>) 

Fluri Pipe Gu., fiUl I'i. lied Hud Ave., St. LiniiB, Mu. 
Frick Cti., WayncHhuru, Pii. i/i W) 

frrublcr MIr. Gu., (i5li5 Hroailway, (Mcvidand 5, 0. 
Griniiell f/fj., 200 W. Fhi elianRe St., I’ntvidenef I, 11.L 
llcnry Valve (ai., Melrose Park, Ill. ip. Ii>/,) 

Kennedy Valve MIr. Co., Klmira, N.Y. 

Vllicr Mfft. Co., 2223 S. l.sl St., Milwaukee 7, Wis. 

( ;i. 

lli'iirv VoRt Maehiiic Co., 10th 4 Orrusby St., T.nuiHville 
10, Ky. 

Walworth Co., 00 10. 42nd St., N.V’^.l^ 17 
.1. P. Ward I'^jiuidrii’H, Inn., HlnsHluirR, Pa. 

Warren I'oundry 4 Pipe l.a)rp., II Hroadwiiy, N.^^C!. I 
X"l, ItefriRoraliiiR t 'o., 18,‘{4 VV 50th Si., ChiraRo 111. 


FITTINGS, COMPRESSION (See also FITTINGS, 
FLARE) 

Chase ItrasB 4 Copper Co., 235 Grand St., Waterbiiry 
Ct. 

CDmmoiiw'ealth Hrass Corp., 5835 Commonwealth Ave.. 
Detroit 8, Mi eh. 

Chiiisolidated ItraHB Co., 13!) LSummii St., Di-troit !). Mieh. 
DreBHer MIr. T)iv., Dresser ImlustrieH, Ine., 4!)0 Fishrr 
Avi*.. Hr.acifill'll. Pa. 

Kverhot Frndunts Co., 2001 Carroll Avc., ChiraRo 12, Ill. 
Griniii’ll Co., Ine., 2110 W'. E.vi’.hangc St., PritvidL'iiei* 1. 
K.l. 

Hays MIr. Co., 12tli 4 Liberty Sta.. ICric, Pa. 

Imperial Brass Mf(>. Co., 537 S. Racine Avc., (]liicai>n 
7,111. ^ iv.jon 

Ijiinkenheimer Co.. Ttcekmaii St. 4 Waverlv Ave.. t’in'ti. 
14, (). 

.Miii.'lh'r Hrass f'o., 1!I2,5 liajjfcr Avr., Pnrl, lluniii, .\lirli. 
Wm. AV. NiiRent 4 Co., Inr.. 410 N. llermitaRe Ave,, f'lii- 
CURO 22, Ill. 

Parker Appliiinee Co., 17325 Kuelid Ave., (Mevelarifl J2, 

O. 

Sfnvill .MIr. I 'll., Ill Mill Si., \\':lI crliury 2f), ft 
Wfiyiic Hr;i..HH (‘n., Ine., 230 W. Main Si., Furl Wayne, 
Ind. 


FirriNGS, DUCT (See DUCI' ACCESSORllCS) 


FFITINGS, ELECTRIC CONDUIT (See also 
Cl.AMPS. CONDUIT & CABLE) 

Iturhaniiii Khoi’l Pritil. tairp.,22.5 H mil i'20, Ilillsiilr, N ..I. 
('apiiolMlR. 4 Supply I'o., 153 W. Fiiltnn St.. (.'oliimbiiH, 
U. 

General F)lcc. Co., 1 Hiver Htl., Sihenortady 5, N.V. 

Gen oral iCIcc. Co., IL'8.5 Huston Ave.. HridReport 2, Cl. 
Ji»hns-Manvllle, 22 E. 40rh St., N.Y.Ih lb (/>. I.l'i) 
Miiicrallae lOlee. Co., 25 N. Peoria St., ( 3iii.'a.Rr.» 7, 111. 
Natiniisil l'3ee. PrndiiftH ( airiJ., Chamber of ('iimini'i i e 
HuihliiiR. Pitl.shnrRti 10. Pa. 

IVIe Nat’l. Co., 1371 W. ,37lh St.. ChiniRo 0. 111. 

'I'rieo Fuse MIr. Co.. 2048 N. 5tli St., .Milv.-iuki i. 12, VN is. 







fRcn 

FLARE 
NUTS 

with Forgmd Hwliwf Slots 

Assure GREATER PROFITS 


, _ Hprn, an old-slylr unrdipvrd flaic nul 

can loosen up because wafer Pills the space 
between nsil and rilling—then dsning Ihe 
"ON" cycle, waler freezes and cKpands, 
creates a tremendous Force, causing the nul 
Id loosen or criick. 

^_Not ID in Frast-Tite with forged frosl- 

lelief slots. Relief is provided For expanding 
ice—no force is created, and there can be 
no loosening or cracking. Frojl Tife F/are 
Nuts cost no more t/ian unrelieved flare null. 


\J kM' 

CARRIED IN STOCK BY LEADING WHOLESALERS 
Sand fur Lilsrature and Pricai 


Wisl (ddiI WorshDUiB; 2103 Id. Inn 
Padro, Ids Angelis, Col. 

Esparf : Mahhior, Armilrong, 
Dastou, RidgiRald, N. J. 



FITTINGS, flanged 

Armi'o Di'aiii.'iRi.' 4 AI i‘ta.1 ProduiOfl. Ini;.., Midilh l n\vii, i). 
JamcB H. (.3ow 4 Sons, 201 N. Ttilman Avi*., Chir.apn 12, 
Ill. 

Crane Co., 836 Michiiian Avc., (Tilcaito 5, 111. 

(p. nip) 

Dcrscli, Gesswein fle Ncuert, Inc., 4845 W. Grand 
Ave., ChltapEu 39, 111. (p. Jp!) 

Flori Pipii Co., 001 E. HimI Hud Ave., St. Louis, Alo. 
Frick C«., Wayne.sbiiru, Pa. (p. .V/) 

Griiiiii'll ihi., lui'., 2(il) \V. E\f.'hanRi' St., Proviih'iiL'.i' 1, 
HI 

Henry Valve (hi., Melru.se Park, III. [;j ni-',\ 

JjiriM’ki AIIr. Co., 1315 W. 12th lSL., Krii;, Pa. 

Keniitnly Valve ATTr. Co., Elmira, N.Y. 

KenileNl MIjR. tin., 25,25 Liberty Avcv, PittsburAh 22, 

Pa. [p.JOh) 

Kuliiiff Hi'iih lif.i., 1822 Mi'I'all .St., D.-iylnn 1. D. 

Alarinaii Priuluots (mi , Inn., 040 lledDiido, liiRlewouil, 
Cal. 

Miii'lliT Hrasp Co., 1025 l.api'iT .^s'l'., I'orl. Hiirmi, Mirh. 
Pbneuix MIr. (a)., .Toliet., 111. 

Staiiiljinl-Knil Harilwari; MIr. Cu., liu'., 030 Hroailway, 
N.Y C’. 12 

Vllter Mfft. Cu., 2223 S. Isl St., Milwaukee 7, Wis. 

[p. 

Jli'iiry VoRt Machine Co., lOlh 4 Ormaby St., Ijouisvilh- 
10, Ky. 

Walworth Co., 00 E. 42nd St., N.Y.C. 17 
Warren Foundry 4 Pipe Corp., 11 Broadway, N.Y.C. 4 
WatBon-Stlllman Cn., Roselle, N.J. (;i. til) 

Wcttthcrheail Co., 300 E. KlJet St., Cleveland 8, 1). 

XL RpfriRenvtiuR Co.. 1834 W'. SDth St., ChicaRO 3ti, 111. 
York Cnrp., York, Pa (p. .i2) 


FITTINGS, FLARE, REFRIGERANT 

rTiiiBo Hrass 4 Copper Co., 23G Grand St., Waturbury 01, 
Ct. 

Crimmonweallh HrasB Corp., 583.5 t'orninonwealth Ave., 
Detroit 8, Miuli. 

(.Innsulidated Hrass Co., 130 Sumiuil. Detroit 0, Mieh. 

( Coiiliftiit^d ) 
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IMPEHIAL 


The Imperial Brass Mfg. Company 

537 Su. Racine Ave., Chicago 7, Ill. 

Fittings • I'n/re.s- • Driprs • Filters ■ ('.harging Lines 
TtHtls /nr: iUitting • Flaring 9 Itending m Pinch-ttf/ • Swrdging 



TRIPLE-SEAL FLARED TUBE FITTINGS 

Imperial Fittings give extra protection against leakage because 
a groove in the seat of size's and larger provides a self-seating 
joint that will remain leak-proof even though the face of the seat 
may be nicked or marred. 

Nuts, tees and elbows aie made from brass forgings. This assures 
a fine grain structure, freedom from internal stress, high tensile 
strength and the eliminatinii of seepage, season cracking or splitting. 
Kliiow.s and lee.s have n:il.s for vreiiih grip. I.nng length Dry.si’al 
I tipi* tlireads. 



DIASEAL VALVE 

A better, more dependable diaphragm valve for refrigeration and 
air conditioning use. Offers many outslaiiding advantages: (1) No 
Springs—direct lift provides positive control with flow in either 
direction. (2) Only Two Moving Parts—simple construction as¬ 
sures greater dependability. (3) Easy Finger-Tij) Action—quick, 
sure opening and closing with le.S5 than two turns of handle. (4) 
Long Life Diaphragm is impervious to all common refrigerants. 
Has withstood over 1,000,000 openings and closings in tests under 
refrigerant pressure. (5) Inlet and Outlet Ports in line, .Simplifies 
installation. 


Easy Id rarill. 


Filled with 


Fine mesh 

Has on fitting 


Dust-Free 


monel metal 

and shell. 


Silica Gel. 


strainer. 





TORPEDO DRIER 

Designed for greater efficiency and faster dry¬ 
ing aclion. Note these features: (1) One piece, 
-Streamlined copper shell which provides greater 
strength, lighter weight, fewer joints and less 
chance for leakage; (2) charged with Dust- 
Eree Silica Gel; (3) ample fillering area pro¬ 
vided on all sizes, graduated whih .size of drier; 
(-0 inlerchangeable tubing connections on 
larger .sizes; (5) easy to refdl. 


IMPERIAL TUBE WORKING TOOLS 



Good tools are essential to making first class 
tubing connections. Imperial tube working tools 
have proven their quality and ease of operation. 

The line includes tube cutters, flaring tools, tube 
benders, reamers, and swedging tools for working 
with copper, bra.ss, aluminum and thin-wall steel 


tubing. 

Illustrated above are 27-1-F Tube Cutler for 
to 1" O.D. tubing; Ih.vF Flaring Tool for 
' i" In Vh' G D. Tubing; and :h)4-F Tube Bender 
for '/h" to ^4" O.D. Tubing. (Individual bender 
for each size.) Many others also available. 








lOB FITTINGS 
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FirriNfiS, FLARF, HI:FRIC;FRANT (ConHnued) | 

Kverhfjt Prrjrliinlfl Co., 2001 Carroll Ave., Chii^ago 12, III. | 
Imperial Hra^.s Mf|2. Cn., 437 ,S. Hurlne Ave., Chicafin 
7, 111. (p. 1(17) . 

KerutcHt (.in., 2525 Liberty Ave., Plttshuriih 22, i 

Pa. f;i. i 

Maililnii llrjiHH IVkiIiicIm Co,, 111 N. Kriuiklin Si., f'hieaKo 

10 . 111 . 

Muclli'r MriiflH ('n., 1 !)2.') Vvc., I’ml Ifiiirin, Alioli- 

Remro, Int'., Zelleiiople, Pa. Ip. HUi) 

Srovill Mf(f. I'O., Oil Mill Si., W.il.fibiirv 01, (‘I. 

Superior Valve fii FlltinAn Co., 15(1'! W. Liberty Ave., 
PlttaburU 26, Pa. \p. 104 ) 

h.I)!ihIi Mfit. ('ll , 2.‘1IMI W'i'.sl I rii Avr.. f'liiriiyn H, ill. 
WatHnn-Srlllman Co., RiiHelle, N.J. i/i. ill) 

WriDHl.iT MraHN (!ij., Hl.'i 1C. Iliiwroiiti St., WiioBifr, O. 


Frn iNCS, FORCKI) 

r’iL|)il.ii] Mfn. iV Siipjilv ( 'll.. ITiH W. Full on Si., ( .'o1iiiiiImi.h 
0 . ‘ : 
CoMiiiioDwrvill.li HriLNH Curp., rjHMrj Cniniurtiiwrallli Ave., 
Dolriill H, Mic.li. 

('iMiNiiliiliil r‘il llriLMM ( 'll., 100 Siiiiiiiiil. Drlmil, 0. Mirli. 

Crane Co., 836 Mli:lii|*Hn Ave., Chlrailo 5, III. 

fp. Ion) 

IJerHcli, CeNHweln Neuert, Inr., 4H45 W. CraniJ i 
Ave., Chicaan t. Ill {p. 40 ) ' 

FiVerlioi I’rnrluciH Oi., IMJOI Carroll Avi‘., f'liir.u|!;o 12, III 
I'lnri l‘i|H', Co., (iOl E. Uiifl Hoil .Avt'.., Si. Louis, Mo. 

Cravtif 'Faiik it Mf^. Co., Inc , '1H0!I 'Fod .Ave., JC. f-’liiejiKo 

1. loll. 

Henry Valve Co., Mclroae Park, III. (p. I 04 ) 

Imperial llraas Mlft. (Co., 537 S. Rarlne Ave., Chirado 
7,111. iv. lO!) 

keroleNl Mffi. Co., i.SiS Liheriy Ave., Pltl.shurAli 22, . 

Pa. (p '07,) 

Vlui'ller HriiSH (‘n,, I 02.A Liiiieer Avi'., l'iir( Iliinni. Mieli. 
IMidi'ni.s Mfn. ( n.. .lulii l, 111. I 

Superior Valve & Flirln^,s Co., 1500 W. LIheriy .Ave., 
PillNlnirilh ill. Pa. ip. 10 ./,) 

Tiivlnr I'lirai' A’ I’i|ic VVkH., IMF Mi».\ 4Hri. CliiijaKu 01). 111. I 
'FiAie-TuriiH, loc.. 221 I'l. Urnadway, Inuiisville 1, ICy. i 
lJi>nry Vripl Marliioe Co., lOili A. Ornisby Si., liiniisvilln i 
10. Ky. I 

VViilworLIi (0)., (iO I'C 42iitl St.. N.Y.fC, 17 
WatHon-Stlllmaii Co., Ro.«ielle, N.J. fp. //() 

VVeul.lierlii'rul (Co., MOO I'C l.'llsi Si.. Clevelaiul H, 1). 

XL Ili-rriKeniline Ci>.. IH-'M VN'. TiOlli SI., Chiraco 3(), III. 
York Corp., York, Pa. fp. r>..') 


FITTINILS, HARIl RUIIIIER j 

Aincrii'an Hard lliililn'r Co., 11 Meri-i^rSi , N.V.C. IM 
Firi'Hl iiiir I iiilii.sl ri;i I Pi imIui-I .s Cn., 12(1(1 I’in-sl mu' l’k\\ >’. 
Akrnii 17, 1). 

11 1 'wil (-l{ ubiiiH, liii;., 24U Ixcii.sIiikI no .Ave.. HiilTaln Ti i 
N.V ! 

Luzerne llubber Cn , 'I'leniiin 0, N.J. 

NALinnnl Motor neiirimr Cn., Inc.. l{iulwniHl ('il.y. Cal. ' 
SLokea Molded I'roduciH, lor., 'Faylnr at WeliHter SC, 
Trenton 4, N.J, 

'Flieriiinid (ni., 'Freni nn, N..I. 

1-1. S. Rubber Cu., 1230 Ave. of Ibe .\oKTii jvB. N Y (L 20 


FIlTINfLS, HOSE (See hInii HOSE CLAMPS) j 

.Aerniiuin Curp. 300 S. I'nsl Ave., Jacksun, Mieh. I 

■Aiielior Pai'kiutc Cn., 401 N. Hrnad St.. Phila. H, Pa. : 

IlnMtnii W'livi'ii lln.*«i' it Rulilii'r. I’.O. Hii\ 1071. Howinii .'L 
M IIBH . 

II. N. ('onk lleliiiiB 401 llnward St., San Franriei-o S, 
f^Al. 

DeA'ilbiBS Cn., 300 iMiillips ,Ave., 'I'nledo 1. I). 

Everlioi Products Co., 2001 Carriill .Ave., CliiraKD 12. HI, 

Flexible Tubing ( n)rp., New VVliil field SI ,, Cuilfind Ct. i 

IlewitJ-TlDbinB, Inc., 240 Ki’iisiimton Ave., Hudalo 5, 
N,Y. 

Imperial llraioi Mfm. (a)., 537 S. Racine Ave., (^hlcaflo 
7, III. (p. ifir) ! 

Marman Producta Cn., liu'., O-lO Uedniido, IiiKlewnod. 

Cal. i 

Ni'w ^ ork HeliiiiK A PackiiiK ('n., I Market SI.. Pas.H:iie. I 
N.J. 

A. NnrKri'ii, 222 Santa Fe Drive, Denver, Col. | 


Scfivill .VI fj£. Cn., til Mill Si ., W.alei bnry 20, C(. 
Tlieriiiiiid Cn., TrL'iiloii, N..L 

Tiniiprmaii Pruduels, Inc., 203fi FuUnn lid., Clevelaml 
WonHler Rrass (’n.. 141.A F,. Hitwnein SI., \N nosier, O. 


FiriTNCLS. PIPE 

.Allmetal Serew^ PriiduelH Co., Irie , 33 Creme St., A’.(' 
13 

.Xiiii'rit-aii Ibslriel Slcuin Co., Hrvaril SI.. N, 'Fiiii:Lw:ind:i, 
N.V 

Arinin) DraiiiaKi' A Mi-lal I’rniliirl.s. Ini'., M iddlel own , II. 

Raker Kefrliieriitlon Corp., S. Windham, Me. 

[p. 

( 3ipilnl Mfg. it Supply f'n., L'i.'i \\ . I’nltnii St., ('iiIumiIiuh, 
I). 

('al awisHa X'alvr' A F'il I iiijr.'^ Co., ('a.1 awissa. Fa. 

Cliasi' hrass A Co|iper ('o..2;)l'i (Iraiol Si ., \N'a I ci 1 uirv 20, 
Ct. 

(jherry-IhirrtJl Ciirp., 127 W. Ilaiiditljili SC, Cbiea^ti H, 

Ill. f.Siinibiiy) 

.lames IL CInw it Sniis, 201 N. 'J'alin.'Ln .Ave., (.3iierip:n 12, 

III. 

(•niniiiiiiiwealtli Lrass ( aiip., .AiS3.'j Coinnirniweall li .Ave , 
Detroit 8. Mieli. (Hra.ss only) 

(.lonpiT Allov I''i;iundrv Cn., Illnv St. it RaiiiHev .Vvi'., Hill 
side T). N.J. 

Crane Co., N3li MicldUan Ave., Chlcajiii .S, HI 

[p. ton) 

Dari I'liinii ('o , I'D I'liiirbi'r.K Ave., I’niv idno e .*», li I 
Defiance .Auloniatie Sen^v Cn., F't. Wavin' Rd., Deniinee. 
(). 

Oerscli, (ies.swein 8i Ncuerl, Inc., 4845 W twrund 
Ave., (diicai^u 3'), 111. f;i ..{r/i 

Dresser Mfu. Div., Dressi'r Indiisllies. Inr , 4!l(J F'iHlii'f 
Ave., Hrudfnrd, T’n. 

Dnrirnn Cn.. lino, Dayton 1, O. 

F)llsworlli Pipe A Snjiply (oi., .AL'i W. 'i'ra.'ier SL, Mihviiu- 
kei' 3. Wis. 

lOverliol. PriMliii'ts ('o.. 201)1 Ciirmll .Avii , Cliiea^n 12, 111. 
Fairbanks (.'o., 333 Lafayi'l le, N.X’.f’. 3 
F'ilter Paper Co.. 21.50 S. MieluKan Ave., ( JiieaEO Hi, 111. 
FInri I*ipe f/'o., liUl E. Iteil Ibid Ave., St. Iannis, Mn. 
Frick Cn., Wnyiiesborn, Pa. (p. -W) 

Globe iSteid TuIii'b (b)., .383!) W. Ibirnliam, Milw.'iukia' 4, 
Wis. 

Crabler Mfn- Cn-, (i.AO.A Ib'o'Lidwiiy, Cleveland 5, O. 
Criniii'll Cn., Ine., 2()l) W, Exeliaiij'i- Si., Prnvidi'iiee 1, 
R.l 

llayiiCB SiL'llite Cn., Unil. of Union Carbide A Carbon 
Cnrp., Knknmo, bid. 

flays Mfii. Co . 121 li A. Liberly Sts , Ibie, Pa. 

Henry Valve Co., Melrose Park, 111. (p. I'l-i) 

I lolo-Krnint* Serew Cnrp-, 25 Ibnok SI.. Mart ford 10. Cl. 
Imperial Brass MfH- Co., 537 S. Racine Ave., Chicailn 
7, HL (p. 107) 

.li'ITi-rsnii 1 biinn ( 'o., lill 1 VX . 2H( li Si., N'.A'.I 1. 

KL'nnedy Valve MFk. Cn., Fdinirti, N Y. 

Kerotest Mlft. Co., 2525 Liberty Ave., Plltsbur^b 22, 
Pa. (p. /o/,) 

Knliiis llrn.si I 'o.. 1K22 Mel ';ill SI .. I )ayl nn 1,0. 
Ijurikmlieimcr Cn., Heekinaji St. it W averlv .Ave., Cin’li 
II, 1) 

Aladili'ii Ib'.iss T’rndnel.s Co., 1111 N. I’r.inklin Si., 
(’Iiiea'io 11), 111. 

Marnmii ProduetH Co., luc., 1)41) Rednndo, Ini»li'\vnnd, 
Cal. 

.Miiieralliii; Elee Co.. 25 N. Piairi.a St.. Cliicajrn 7. Ill 
Mueller brass Cn., 1025 Lapi'i'r Ave.. Pnrl Hnrnn. Mieli. 
A. II, Murray Co., Inc , li.JO Creen Lane, Elizabeth, N..I. 
NortliBrn Indiana IlrusB Co., 035 Plum St., Elkhart, Ind. 
Parker Applianee Cu., 17325 Ibielid Xvi'., Clevi'laiul 12, 
(). 

Rerves Steel A Mfii. Cn . 137 Fb Iron Ave , Dover, (>. 
Reynolds Metals Co.. 20()() S. Dili St.. T-nuisville, K'y. 
RnessiiiK Mfc. Cn., Sliarp.sbiirn Sta.. Pitt.Hburch. Pa. 
JuBcph T. Ryerwm & Son, Inc., Ifith it Rockwell Sts., Chi- 
L-aEii. Ill. 

M. 1). Skinner A Cn., South Rend 23. liul. 

Set, Screw A Mf^ Cn., 75 Main SI., Rartlelt, 111, 

Taylor Fnriie A Pipe Wks.. P.IJ- Rnx 485, CliieaEo !)D, III. 
TuDC-TuriiB, liic., 224 F). Hroadway, liOuiavillc 1, Ky. 
Virtuulie Co. of .Aiiierie;i, l',(). Rnx 50!). F'Jizahelli, N..1. 
Henry Vogt Machine Co., lOtli Ac Oriii 8 b 3 '^ S(.s., Lriiisville 
10. Ky. 

Walworth Co., GO E 42nd St., N.V.C. 17 
J. P, Ward F'oundrieB, Ine.., Rluseburp, Pa. 


( Contitiucd) 
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FOR AIL REFRIGERATION PIPING NEEDS 
... CHECK THE COMPLETE CRANE LINE 


SAFER CONTROL OF REFRIGERANTS (.rane FerniJiteel 
tilobe and Anfjle Valves are esperially designed 
for high pressure ammonia refrigeration service. 
^Special Crane seating design, rugged all-iron lon- 
struction, and precise manufacture make these valves 
safer, more durable and more efiicient when handling 
deadl> or hazardous gases. 

To assure tightness in service, (.rune Special Lead 
fate disc seais securely upon a crowned face in the 
body. A machined “back seating" shoulder on the 
stem relieves internal pressure on packing, insures 
pressure-tight joint, when valve is wide open. Flanged 
valves have tongue and groove faces as an adueu 
protection against gasket blowout; screwed va>v»*s 
have long threads and are recessed lor soldering. 
See your C.rane Catalog. 

CRANF CO., S. Michigan Ave., (Chicago S, III. 
Ih'ttnches ttud Whuh^^alers Serving All ImluKtrittl Areas 



Nd. 1 504, Globe. Working 
Pressure; 300 pounds om- 
monia. Sizes: I /4 lo 3 inch. 


^ THIS AMMONIA COMPRESSOR INSTALLATION, FOR EXAMPLE, 
CAN BE COMPLETELY EQUIPPED BY CRANE 



ei^eRyrHtM& for FireRr piPtMo srsreAi C; 

CRANE 

VALVES - PiTTtNGS • PIPE - PLUMBING AND HEATING 






FITTINGS 

no FLOAT SWITCHES 


Fi ri’INr;S, pipe (i:initinueil) 

WaCBon-Stlllman Cn., Roselle, N.J. (p. Ill) 

Weatherhead Co., 300 E. 13181 St., Cleveland 8, 6. 
Worthington Pump Ac Machinery Corp., llarrlson, 
N.J. [p 14/f) 

XI< liefriKcraiiiiK Co., 18.34 W. St., Chicagii 3G, 111. 

York Corp., York, Pa. (p. fi:^) 

J. A. Zurn Mfg. Co., Erie, Pa. 


FI'ITINGS, SHEET METAL (See DUCT ACCES¬ 
SORIES; also DUCTWORK, PREFARRICATED) 


FiniNCS, WELDING 

PoTiiiey Forge & Tool Wks., AllRiitown. Pji. 

Capitol Mfg. k Supply Co., I.*!.'! W. Fulton St., roliiiiibuB, 

O. 

Cooper Alloy Foundry Co., Tlloy St. it RariiHey Avc., Ilill- 
nide G, N..T. 

Crane Co., H.46 Michigan Ave., Chicago 5, Ill. 

(p. I (Iff) 

Dersch, Gesswcln & Neuert, Inc., 4H4.5 W. Grand 
Ave., Chicago 39, Ill. (p. 4f>) 

Dri'HHiT Mfg. Div., 4!il) Finliur Avc., Hrarlfrird, I’a. 

Flnri Pipe Co.. lUU E. lied Hud Ave.. St. TiOuiB, Mo. 

Frick Co., Waynesboro, Pa. (p. 01) 

Globe Steel Tubes (Jo., 38.3!) VV'. Jbirnliain, Milwaukee 4, 

Wia. 

Grinoell Co., Ine., 2(il) W. FiXebange St., Providiuiei^ 1. 

R.I. 

Kerotest Mfg. Co., 2525 Liberty Ave., Pittsburgh 22, 
Pa. (p. 

Nurlhern Indiana Hrasa Co., I)<35 Plum St., Elkhart, hid. 
Joseph T llyeraoii it Son, Ine., Kilh it Hoekwell Sts., Chi- 
cugu, III. 

'raylor Forge t Pipe Wk.s, P.O. Hnx 48fi, Chioago DO, III. 
'ruDc-TuriiB, Ine., 224 E. Hroadway, liOuisvillR I, Kv. 
Vlltcr Mfg. Co., 2223 S. Isl Si., Milwaukee 7, Wis. 

(p. ,^5) 

Walworth Co., GO E. 42nd St.. N.Y.C. 17 

Watson-Stlllman Co., Ro.selle, N.J. (p. Ill) 


FLAKE ICE MACHINERY (See ICE MAKING MA¬ 
CHINES) 

FLANGE ADAPTERS (See ADAPTER FLANGES) 


FLANGES. PIPE (See 1 I I 'l lNGS) 

FLEXIHI.E CONNEt'.TIONS (See alaii CHARGING 
LINES; also TUBING, FLEXIBLE; also SWING 
JOINTS; also VIBRATION ABSORBERS, LINE) 

American Brass Ihi., Waterbury 88, (R. (p. i,s.'y) 

Aiiierii'iiii lliatrirl Sti'iiiii (.■0., Hryaiit. Si., N. 'roiiawanda, 
N.V. 

.Atlaiitie Metal Mobi' I. 'o., Inc., 1J.3 W'. (14lh SI.. N.^M^ 
2.3 

Hareo Mfg. C^i., 1801 WiiinciiiiLi' .\vi'.. ('hiciiKii 40, III. 

(/hieago Metal Hone Corp., Mayw'ooil, 111. 

ClilToril Mfg. (hi., Uiv. of Std. riiimiHon I n.. Grove SI., 
Waltham, MaHB. 

Eclipse Aviation Metal 11 oho Dept., Div. of Uendix Avia¬ 
tion Corp., Phila. 44, Pa. 

l')clipHe-Pioiieer Div., Ibonlix .Aviation Corp., Teterboro, 
N.J. 

I'h'xihlc TuViing Corn.. New Wliitliehl SC. Guilford, Ct. 

Henry Valve Co., MBlrnse Park, Ill. (p. H)4) 

.lohnBon Metal Hobd Co., 2211 Mill St., W aterbury 88, Ct. 

Munimri Froducke Co., Inc., li-IO llcdoiido, Inglewood, 

Cal. 

Maysoii Mfg. I'o., 4332 Horatio SC, Delrnit 10. Mieh. 

New York lleltiiig t Puekiiig (hi.. I Markel St., PuBBiiic, 
N.J. 

HcBiRtnilex Corp., 3f) PlariBoen St., Ikdlcville 0, N.J. 

Seamlex Co., Inc., 4123-24tli St., Lung Island (^ity 1, N.V. 

3’iti«|lex, Ine., riUO FreliiighuyBoii .Ave., Newark 5, N.J. 

Unillex Metal lloso Co., r)2 Rubber Ave., Naugatuck, Ct. 

York Corp., York, Pa. (p. 0^) 


FLEXIBLE COUPLINGS (See also SHAFT COU¬ 
PLINGS) 

•Ajax Flexible Coupling Co.. Inr., Wenlfield, .N.^^ 
Aiiiericaii I'Mexible ('niipliiig I'n., IHOS PitlBlnirgli .Ave., 
Erie, Pa, 
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Baldwin Duckworth Div., Chain Belt. Co., 3G9 Plainfield 
St., Springfield, Mubb. 

Bosloii Gear Works, Quincy, Mass. 

BiiHliiiigB, Inr., 4358 (’ollidge Highway, Royal Oak, 
Mich. 

Capitol Mfg. it Supply Co., 153 W'. Fulton St., CoIumbuB 

O. 

f.ftntric Clutch Co., Woodbridge, N.J. 

(3iiriigo Die CiiBtirig Mfg. (Ju., 2500 W. Moiinir- ,SC, 
(3iie.agii 12, 111. 

CiingreBs Drive Div., Tann Corp.. 3750 E. Outer Drive, 
Detroit 34, Mich. 

Deiavan Mfg. f.hi., .300!) Gth Ave., Di'n MoincB 13, ]a. 
FairbiiiikH, Moibl- k Co., liOO S. Michigan Ave., Chicago 
5. 111. 

Jeffrey Mfg. Co., 887 N. 4th St., Columbus IG, O. 

WC A. .loneB l''ouiidr.v it Machine Co., 4401 RooBevelL Rd., 
fhiieago 24, HI. 

Linh-Helt Co., 220 S. Belmont Avc., Indpln. G, Ind. 
(Shaft) 

Lord Mfg. Co., 1035 W. 12lli St., Erie, Pa. (For power 
TranBmisBinii) 

Marmiin Products Co.. Inc., !)40 Recloiiilo, Inglewood. 
Cal. 

Moral* (3iaiii Co , a Horg-W ariiiT InduHtry, Ithaca, \.\h 
N[*w A nrk I3[‘ltiiig it I’acking t.'o., 1 Markid SI ., PaHsaic, 
N..1. 

W^ Jl. Nieholsoii it Co., 20!) Oregon St., VVilkcB-llarre, Pa. 
I’aliiier-Ree (' 0 ., 1701 J^olanil Ave., Detroit 12, Midi. 
Philadelphia Cear W’^ka., Inc., G St. & Eric Ave., Phila. 4.3. 
Pa. 

Ramsey Chain Co., Inc., n(X) Rroadw'ay, Albany 1, N.A'. 
Spicer Mfg. Co., 4101) llcimclt Ilil., Toledo I, 0. 

Unillex Metal Hobl- Co., 52 Rubber Avc., Naugatuck, (.3. 
Water Cooling Corp.. 71 Nassau St., N.Y.C. 7 (Pipe) 

W esliiighouse Idee. Corji., 200 Met hiiiillcHW .Avc., I’iltH- 
j buigli 1, Pa. 


FLOAT BALLS 

Acklln Stamping Co,, 1929 Nebraska Ave., Toledo 7, 

, O. fp. t7S) 

(hiicago Float W ks., Iiic., 2330 S. W'estern Ave., (’hicago 
8, Ill. 

('onsolidatcd MrasB Co.. 130 Summit, Detroit 0, Midi. 

Ernst Water (I'olumn it Gage f'li., 250 S. Livingston Ave., 
Livingston, N.J, 

Arthur Harris t (’o., 210 N. Aberdeen St,, Chicago 7, Ill. 

Induslrlul Wire Cloth Products Corp., Wuync, Mich. 

(p. iS'tS’) 

W'. 11. Nicholson t (.!o., 20!) Oregon St., Wilkes-Barre, Pa. 

11. A.^ PliillijiH it Co., 3255 W. Carroll .Avc., Chicago 24, 

Stokea Molded IVoducts, Inc., Taylor at W^ebsLer St., 
Trenton 4, N.J. (Hard Rubber) 

Amos 'riionipsoii Corp., Edinburg, Jnd. 

FLOAIS, LIQUID LEVEL CONTROL (See FLOAT 
SWITCHES; also IIIGHSIDE FLOATS; bIbd 
LOWSIDE FLOATS; also CONTROLS, LIQ¬ 
UID LEVEL) 

FLOAT SWITCHES (See also IIIGHSIDE FLOATS; 
also LOWSIDE FLOATS) 

AIcd Valve Co., B55 Klngsland Avc., St. Louis 5, Mo. 

(p. ff!i) 

Allen-Bradley Co., Milwaukee 4, Wis. 

Automatic Control Co., 1005 University Ave., St. Paul 4, 
Minn. 

Ernst Water Column t Gage Go., 250 S. Tilvingston Ave., 
Livingston, N.J. 

Fischer t Porter Co., Hatboro, Pa. (Flow Alarm) 

Frick Co., Waynesboro, Pa. (p. oJ) 

General Elec. Co., 1 River Rd., Scheiiectady 5, N.Y. 

Hancock Valve Div., Manning, Maxwell dc Moore, Inc., 
Bridgeport 2, Ct. 

.Tii-Bdl ProduclH, Inc., 4840 Sniitli Si. Tiouis, (.diicago, TH. 

Mt;I)oiindl t Miller, Tne., 350U N. Spaulding Avc., 
Chicago 18. 111. 

Mcrcoid Corp., 4201 Belmont Avc., (diicago 41, Ill. 

Mojonnicr Bros. Co., 4G01 W. Ohio St., L'liicago, 111. 

II. A. Phillips 81 Co., 3255 W. tiarroll Ave., Chicago 
J4, lU. (p. Uii) 

Ri‘ 1'0 Products Div., lipfrigeralinn Eiigrg. Corp., 2020 
Naudain St., Philaddphia 4li. Pa. 

Sohade \'alvc Mfg. Co., 2527 N\ Bodiiie St., Phila. 3.3. Pa. 

(Cotititiin’d} 
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The Ideal Light-weight Screw End and 
Socket Weld Fittings for 
... GENERAL REFRiGERATION SERViCE 

PrEcision machined from solid—carbon, siainless and allov «tecl—drop 
Forgings They re built right to fit tight permanently They cut mam 

tenance costs 


- SOCKET WELDING FITTINGS ARE 

-- EASY TO INSTALL, LONG-LASTING 

Jusl slip /iriin^ o\Lr mil iif pijiL mil smIiI _ 

[)LLp siickils sujipiiri Hill pipLs iliniiniu ink wilJin^ ilu 

JSL Ilf spLiiiJ lixtiirLS iLLiinu iiu isuring ind j 

Lutimg uf jiijii Ampk liiiiil mil to T 


linijiiiriiiiiiLU lillit wlIiI 

IhshIl [Inmiur iif liliin;, initiliLS iitsiiIl of pipi fm sinmiili flow 

No w L ik Ml lions—loii^ binds ixlmil will lusond boiioni of 
oiikil pro'nil riiiiloriLiiimi ii points of Mriin 

loints in LMrisiron^ inJ k ik proof uniffuud bN \ibriiiiin 
disluriion or shoik Sou i m | ui iHlsl fittings in ind for^Li ilu 

All u e Dva lahk for uio w l| jchi dulp 4D Sland 
W c|l I P pe Schedule BD Eal n SI o P pp Sched 
160 □ d Double [lira Slronn P or S zpi /. la 4 IF 


SCREW-END TYPES FOR ALL PRESSURE 
AND TEMPERATURE SERVICES 

• Ibiiids in loii^ iLiiiriiik nil 

■ l)isi|;nLil foi piifiLi ili^ninini 

■ I njliirni w ill ilinkniss 

• I nnsiniiLd flow 

■ f oninilkd iluniii il uiii jiIi^siliI jirnpi rius 

■ 1 oii^ low binils iir ml bitlLT wniuli ^iip 

• KojL,^id liond fioiii solid drop foi^iii(;s 


a FORGED STEEL FLANGE UNIONS ■ 

Two and Four Bolt Type cipcoially dcligncd lor Refrigeration 
Service 

Screw and Socket Weld Types 

• SOLD BY LEADING DISTRIBUTORS • 


DISTRIBUTOR PRODUCTS DIV Roselle, new jersey 

Designers and Manufacturers dF Forged Steel Fittings Valves Wire Rope Shears Hand Pumps 
Jacks Pipe Benders and Hydraulic Equipment 

©OOtstO©® 






FLOAT SWITCHES 
112 FREON 
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FLOAT SWITCHES (l.niitlnued) 

SorenK Mfg. Cnrp., 0555 Edwri Avu., Si:liilli3r Park, Ill. 
Temprlte PniductH i:rirp., E. Maple Rd.,Rirminft- 
ham, Mich. (/). HU) 

Wi>H(jriKliriuHi^ I'^liri:. ('iirp., 4454 CrrieHoc SL, MuiTuIn 5, 
N.V. 


FLOAT VALVES, REFRIGERANT (See IIHJISIDE 
FLOATS; also LOWSIDE FLOATS) 


FLOAT VALVES, WATER 

'rhomaB IlBckett A Cd., Inc., 21IH ririfTin St., Dallna 2, 
Tex. 

Cliinnx ( -ijiitmlH Div. Uliic.k, SivnllH ife Hryatin, Inc., 
15 N. t'irii'iiiiiiLli, 'I'hIhii, f)kl,'i 
Duvia Hc^uliitur Cu., 2511 S Washtenaw Ave., Cliiciifco 
«. III. 

Farm Apnlianr.Rs, Inc., SturKnon Hay, Win. 

Flint it WalliriK MIr. Co., Inc., !15 Oak St., KcuLlallvillc, 
Inil. 

FdhI.it KiiKr^. Cl)., 8.'15 JiChiRh Avc., Uniiin. N..I. 

I). ( KiMiklcy Ci>., 4(M) W. MadisDn St.. (’hiiMnn Ik III. 



la. 


MrOimiicll it Miller, Inc.. M5(lll X. S|)jiul(liiiK Aviv, i 
f 'liii‘!iKii 1 H, III. ! 

Maid-O'-Mist, Inc., .1217 N. Pulaski Rd., CliicuKo 41, 111. I 
Muidlcr SleHiri Specialty Ca., Inc., 40-20-22nd Si., Loiik 
I nland City 1, N.Y. 

Itidii-rl Mfu;. I'li., 911:15 N’cnii-i* HIvd., Coh AiiKelcHlO. Cal. 
Schiidc Valve Mfg. Co., 2.527 N. Kudinc St.. Pliilu. 3;i, Pa. 
Si'Dvill Mft?- thi., 1)1 Mill SI ., Wiili-rhury 211, ('I. 

Trane Co., La CrntiHe, Wis. [p. IIS) 

V'ikiiifi; Air Conditioning Corp., .5000 Walw-orth Avc., 

CMevLdand 2, O. 


FLORISTS REFRIGERATORS (See REKHIGERA- 
1 ORS. FLORISTS) 


FLOW CON TROLS (Sec REGULATORS, FLOW) 


FLOW RATE INDICATORS j 

Ruiley Meier Co., 10.50 Ivnnhne ltd., Cleveland 10, 1). 
Brown luBtruinent Co., Div., MinriHapoliH-HonRywidl 
Hcgulalor Co., 4411 Wayiio Ave., Phiia. 41, Pn. 
BuilderH-PrnvdrlRnce, Inc., P.D. Mux 1.142. Providence 1. 
H.l. 

FiBchur A Porter (’o., Hatboro, Pa, 
l'''o\|ioro I'll.. :iH Ni'piMiBi'i .Avi'., I’lixlinrii, M.anH. 
MamniLd-Dahl Co., 243 Rieliiiinnd St., Providence 3, R.l j 
lluHtiiiKH IriBlrument ('o., Inc., Iliinipton, ^'u. 
llayR Corn., Miehi^an City, Ind. I 

lIiMiB/A;y Co., 202 J N. H al er SI ., Water) own, Wis. ! 

Inhli-ii, Ini- , 2750 121li .\ve., I'ui'sdii, .Ariz. 

MlnneapnllH-lliiney well Regulator (Ui., 2933-4lh j 

Ave., S., MinncapollB H, Minn. (p. t!7) 

'raylor IiiMtriiiiieiil Cos.. 95 Allies SC. Rindiestpr 1. N.A'. ' 

U. 8. Gaupc, Div. of Ainericaii Miirliine A Metals, Sellers- j 
villc. Pa. , 


flywheels 

I lewitl-Robins, Inc., 240 KensiiiKl on .Ave., niifTalu 5 
N.V. 

W. .A. .Idiii-h Foundry ilc Mucliine ('ii..44(M lluosi'vidl 
ltd., I'liicjitto 24, III. 

kohlenbcritcr Eri^rg. Curp., Ibllll W. Cnnimnn- 
wealtli, Fullerriin, Cal. 

Lindernie Macliiiie A Tool Co., 12241 Coyle Avc., Detroit 
27, Mich. 

Metal Specialty Co., Este .Avc. A MAO II.II.. Ciii'ti., 0. 


FOAM RUBBER (See RUBBER PRODUCTS, CEL¬ 
LULAR) 


FOIL. METALLIC 

Alfnl Div., Ileflental Cmp., 155 E 441 li St , N. \ .C. 17 
.Alinniiium Co. of Aiiierica, PitlsburKh i.9, Pa. 

CbaBO Brass A (\)pper Co., 210 Grand St., W’aterbury 91, 


Divisinn liCad I'o., Slli Kiiizie SL.. CliioiiKo 22, III 
Permanente Products Co., 1924 Broadway, Oakland 12, 
Cal. 

Reynolds Metals Co.. 2000 S. 9tli St., Tiouiavilli! 1, Ky. 
FOOT VALVES (Scr VALVES, FOOT) 
FORECOOLERS (See WATER COOLERS) 


FORGINGS 

AllcRheny Lurlluin Steel Corp.. Oliver Rldg., Pittsbiiruli 
22. Pa. 

Aluminum Co. of America, PittsburRh 19, Pa. 

American Hrass Cn., Waterbury ill, Ct. (p. /,s.'>) 

•Atlantic Steel Co., P.O. Box 1714, Atlanta 1, Ga. 

Atlas Drop ForRe Co., 209 W. Mt. Hope Ave., LansiriR 2, 
Mich. 

Mcthlehern Steel Co.. Bi-ihleheni. Pa. 

Honney Forge A Tool VVks., Allentown, Pa, 

Chase Brass A Copper Co.. 2.19 Grand St., Waterbury 91, 
Ct. 

Krnpp Forge Co., .5101 W. Ror)Hi‘veU ltd., (Iiiracti 59, 111. 
Lamson A Sessions Co., 1971 W. 85th St.. Cleveland 2, 0. 
P. R. Mallory A thi,, Inc., 3029 E. Washington St., 
Iiidpis., Inil. 

MutdliT BrjLMH f'o., 1925 Lajjei'r A\M'., I’ort lliiron, Mieli 
Scuvill Mfg. Co., 99 Mill St., Waterbury 91, Ct. 

Titan Metal Mfg. Co.. Be.llefonti*, Pa. 

Traiisiie A Williams Steel Forging Corp., Alliance, O. 
Tube-Turns, Inc., 224 E. Broadway, Louisville 1, Ky. 

■f. H. Williams A Co., 400 \ ulean St., BiiJTalo 7, Sl.V. 

XL Refrigerating Co., 18:14 W. .59th St., Chicago 111, III. 
York Corp., York, Pa. (/). VJ) 


FOUL GAS EXTRACTORS (See PURGEHS) 


FRAMES, display CASE, etc. (See DISPLAY CASE 
DOORS) 


FREEZERS, BATCH, BLAST, CONTINUOUS, 
OUICK, SHARP, TUNNEL, etc. 

Baker Refrigeration Corp., S. Windham, Me. 

(/*. f!.i) 

Meh-Iee Corp., 284.5-IMh Ave., W., Seattle ‘I'l.Wasb. 

f/). 

Burge Ice Machine Co., 218 N. .leffiTson St., ("hicago li. 

Ill. 

Carrier Corp., .102 S. Geddes St., Syracuse 1, N.Y. 

if). .J,:) 

(*herry-Murrell Corp,, 427 AN', llaiidolj)!) St., Chicago li, 

Dean Prodiiels. Inr., 1042 Di'ao St., Brooklyn 111, . 

Diiyle Hi Roth Mfft. Co., Foot 23rd St., Ilruoklyn 32, 
N.Y. ^ (/). ,^/) 

l"ranklin Body it I'hiiiipiniiil Cor|),, 1042 Deiin Si.. 
Mroiiklyi) Hi. N.A’. 

Frick (.lo., Waynesboro, Pa. (yi. .i/) 

King Co., 1)02 N. Cinlar St., Owntonnii, Minn. 

Niagara Blower Co., 405 Lexiiigtnn Ave., N.Y.C. 17 

(/'. '>7^ 

Meco Prnducls Div., Relrigeralion Engrg. Corp., 2020 
Naiidain St., Phiia. 4li, I’a. 

Kempe Co., 340 N. Sacrainento Blvd., Cijinagn 12, Ill. 
I'klw. Mioineliurg A Co., 2lil-l9 BuhIou ,'<1., Ikillinuire 

24. Md. 

Stewart Ice Machine Co., 1282 W. 1st St., I’umona, Cal. 
IL S. Air Conditioning Corp., Cnmo Ave., S.E., ai 
33rd Sr., Mlnne ipolls 14. Minn. \p. .i7) 

Vllter Mfg. ilo., 2224 S. 1st St., Milwaukee 7. Wis. 

(yj. SS) 

\ niiitor Div., Girdlcr Corn,, T-ouisville 1, Ky. 

Worthington Pump & Machinery Corp'., Harrison. 

N-J- (/». 144) 

XL Refrigerating Co.. 1834 W. 59th St., Chieago .19. ill. 

York Corp., York, Pa. (p. '^2) 


FREEZER DOORS (See COLO STORAGE DOORS) 
FREON REFRIGERANl'S 

Anaul Chemical Co., Marinette, Wla. (Sales Agents) 

(p. JI ■'>) 

E. 1. du Pont de Nemiiurs Ih Uii., Inc., kinetic 
Chemlrals Olv., Wilmington 98, Del. ip. US) 


( ['fOiL')i7/rf/) 
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Check these 


OUTSTANDING FEATURES OF 


th 


FREON" SAFE REFRIGERANTS 

/ Freedom from moisture . . . not more than 10 parts per million 
in “Freon-12/' 

^ Narrow boiling-point range.. . confined within limits of 1°C. 

Not more than 1.% non-condensible gases in vapor phase. 

\i Freedom from acids. There are none in “Freon.“ 

/ Freedom from high- and low-boiling products. 

/ Nontoxic . . . nonFlammable . . . nonexplosive. 


J{ i^|ijrtrHI(vss of ilin I oni pern l ure ri‘[|uired , or 
tlie design of the equipment used, there is 
0 ' Fn^on” safe n^friKerant that will do the 
Joh. 

''FREON-11-—CCl,,F-JhP. 74.7 F. (23.7^ 
(M —For eommertdiil and industrial air eon- 
ditioninp systE*nia employing; eentrifupal¬ 
ly pe laiinpressors. 

''FR E O N - 1 2'' - C C [ 2 V 2 — H . T*. - 2 1.6' F. 
1-29.8 C.j—13ie most widely used of all 
"Freon” refrigerants. Used in industrial and 
fommereial air eoiiditioning and household 
refrigerating systems employing rotary or 
reeiprocating-type eompressors, and in in¬ 
dustrial and I’ommereial low-temperature 
refrigerating systems employing centrifu¬ 
gal-type eompressors. 

"FREON-21"— CHCl.F—IFF. 4S.0"F. 
(8.9 C.)—For industrial and eommereial 
air conditioning systems employing centrif 
ugal-type compressors. Also in fractional 
horsepower refrigerating systems employ¬ 
ing rotary-type compressors and in air con¬ 
ditioning systems of the al)aorption type. 

"FREON-2 2"—CHGIF, —H.P.-41.4 F. 
(-lO.H'C.) — Due to its low boiling point, 
' 'Freon-22” is ideal for jobs where low tem¬ 
peratures are necessary. May be used in 
reciprocating or centrifugal-type comprefl- 
sors. 


"FRION-113''- GCI 2 F-CGIF 2 -H.P. 117.H 
F. (47.6 C.) —Used in air conditioning 
systems [employing centrifugal-type com¬ 
pressors. Not for low-temperature rrdrig- 
eration. 

"FREON-114"—CClFijG(3F;;—M.P. 3H.4 F. 
(3.3 C.)—IJsiid as a refrigerant in housi*- 
hold systems employing rotary-type com¬ 
pressors. Also in industrial and commercial 
low-tempi'rature refrigi*rating systtims em¬ 
ploying centrifugal-type compressors. 
h'li/l dvtuils on "Freon" relrifivranls arr arin/- 
uhlv from K. 1. du l*ont de Nemours A- (^ 0 . 
ilnv.), "Kinetiv" Chrrniruls Dirision, Wil¬ 
mington Delaware. 




lattar Thing! for letter Living ,.. thfoogh Chimlirrr 


FREON 

SAFE REFRIGFRAHTS 

"Frmn" is Du Punt's ri'^isiered tr(uh-niurk 
for its fluormalttii hydrocorbon refrii^franls 
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FRKON Rr.rKIGFRANT.S ((:fintinUL*il) 

I'iHtnn f^'lieiiiir^als, Inr;., HKM) I'J. 2(it.M iSt... F,ofl Ang<*li*H 2.T, 
(fSah'H AkpiiI.h) 

Virginia Smelting Co., W. Norfolk, Va. (SalcH Agents) 

[p. 


THFUIIENCY CHANGERS 

FrirliCH it MyiTH, 172 ITnicjri St., Worcfstur, Muhh. 


FRICTION TAPE 

II. N. Cf)i»k Heltiiig Co., 401 Howuril Si., Sail FranniBi;i) 
5, Cal. 

I’iri‘Htf)ii[* IiuluHl.riiil Prrjiliir'tB Cij., 1200 Kiri'.^tuin* I‘kwy. 
Akron 17, 1). 

lli‘niT!il Eli'cjlrir’ I mi., 1 ItiviT Kil.. Silii'iinrliifly •'i, N.^'. 
n. F. Coorlrir.il Co.. SIM) S. Main St., Akrrin. O. 
Johns-ManvIIle, 22 F.. 40lh Si., N.Y.C. !(• (/>. 

Ni;w ^'nrk Jlrltiiig ife I’acking Co., 1 MarkiitSt., PaBHuirr, 
N..I. 

IT. S. Jlubbp.r Go.. 12.'i0 Avo. of Hie AniEricas, N.Y.G. 20 
Van CIei!! Hroa., Ini:, 7800 S. Wnorllfiwn Ave., (Miirago 
10 , 111 . 


FROZEN FOOD CABINETS (See HOME & FARM 
FREEZERS; oIho DISPLAY CASES, FROZEN 
FOODS) 


FUSES 

IhiHBmiiiin MIk. Co., IjiiivcrHity &■ JEflorHOii StB.,St. LimiB 

7, Mn. 

(’li.'iMi'-Sliawrnnt l^i., Ni’wburypDrl, Muhb. 

Ci'iiL'ral I'iler.. ('o., 1 llivi'.r Uil., Si.lieiiEc.tfuly 5, N.Y. 
.lEfff'THDii ICIoE. ('o., 25 Ave. it MiuliHOM St., nellworiil, 111. 
liittli'fiiHi', Inn., 47S7 HaviMiHwrnirl Avn., CliinaKO 40, 111. 
Trini Four Mljr. ('n., 2!I4H N, Slli Si ., MilwauUi-r IJ. \\ i». 


FUSIBLE PLIK.S 

Amliu'o Refrigcrntloii ProiluclN Co., I4.')44 3ril Ave., 
Detroit Mich. (;j liH) 

I'|||VBI‘-Sli!iwiiuil I'm., Nnwlnirypiirt , Mhh8. 

CiiiiHiiliilati'il Rraeit] l!n., 120 Siiiiiliiit, Doirnii !), Mieli. 
Imperial llraHiiMfg. Co., .S37 S. Racine Ave., C^hlcago 
7. 111. (p. 107) 

kernleHt Mfg. (2i., 2.525 Liberty Ave., Pittsburgh 22, 
Pa. (p. ■?<>')) 

Liiiikeiiheinier Gu., llEf?kman St. it Waverly Ave., Gin’ti. 

14. O. 

Mucllnr IlraHH Cn., Port Huron, Mieli. 

Superior Valve & Fittings Co., 1509 W. Liberty Ave., 
PIttHburgh 2ft, Pa. (p. ti>4) 

Swift Lubrii'.atnr [2i., Inr., 101 Ilninc; St., Elmira, N.Y. 


GALVANIZING 

\V. Afnnp it Gti., .lernny Gily, N.J. 

Allimtin Sli'i'l Cn., T.O. Mox 1714, Allaiila 1, Ca. 

L. t). KiivtMi it Urn., liitr., 154 ()(i'ili-n .Ave., .lerapy City 7, 
N..I. 

Ib'ovi'S Sti'nl vt MIk. ( 'll.. 1.27 1C. Iron .Ave., Dovr?r, O. 

St. 1 iimiM Seri’w it llnll I'li., liOIMl N. U’way. St. liituiB 1.5, 

Ml.. 

Unili'il Sli’i'l it 5Viri‘ I'n.. Miillli' Crrek, Minh. 


GAS COOLERS 

Hii-)iiiril M. .AriiiHl rnm Cn., llnx IMH, W. CIii'hIit, Pii. 

Baker Refrigeration Corp., S. Windham, Me. 

(p. tiS) 

Frli'k Co., Waynesboro, Pa. (/». r>l) 

lleal-\-Chaiiger Co., Inc., Brewster, N.YG (p. !Ji>) 
StaiiJarrl HcatEr it Dil Eq\iip. Cn., 245 CorneliHon Ave., 
JerHey City 2, N..1. 

Trane Co., La CniNNe, WIs. (p. Its) 

Wiirltiliigton Pump & Machinery Corp., Ilarrlann, 

N.J. (p. 14-',) 


GAS MASKS 

.Anmi* I'niUn'Iimi Ei|uipmi-nl Cn., .20.1.5 \N'. I.akn .SI., 
(')iii'aun 12. III. 

I ‘I'lilral SiifiM V I'niuiit. ('n., 2200 F. I liiii I inKtlon St.. I'liila. 
2.5, Fa. 


Ghicnieo Eye Shield Go., 2300 Warren Blvd., Gliicagi) 12, 
Ill. 

DaviH Emernriitcy Eriuip. Cn., Inc*., 45 Ilalleck St., New¬ 
ark 4, N.J. 

11. F. Coodrich Co., 500 S. Main St., Akron, O. 

Mine Safoty AnpliaiicEB Co., Braddock, ThiiiiiUB it Mnailr- 
Sts., PittBDurKh, Pa. 

PiiliiiiiRan Safety Eriuip. ('urp., (i44 Paeifii' St., llrooklyn 
17. N.Y. 


GASES, RARE 

-Air Ilialuntion Salen Cu., 00 E. 42nd St., N.l'.t'. 17 
Linde .Air PrrxliicLB Go., Unit of Uiiiim C'arliide it t arbiiii 
Corp., 30 E. 42nd St., N.Y.G. 17 
Matlioann Co., Inc., P.O. Brjx 8.5. li. llutherford, N.J. 


GASKET, DOOR (See DOOR GASKET) 


GASKK’I'S & fiASKET MATERIAL, PACKINi;, etc 

Anchor Packing Co., 401 N Broad St., Phila. 8, Pa. 

Armstrong Cork Co., Lancaster, Pa. (p. /SvO 

Belmont Packing it Rubber Co., Butler <t SepvJra Sta., 
Phila. 7, Pa. 

I Philip Carey Mfg. Co., Lnckland, Gm’li. 15. 0. 

(Miamberlin Co. of AniKrim, 12.5-1 LaBrosHe St., Di*trnlt 
! 20. Mich. 

! Ghase Brass it Copper Co., 230 Grand St., Waterbury 01 
Ct. 

■A. W. CbeHtcrl on f’o.. 4 Artlilaiul Si., Evirrrtl, 40, Mush 
f 'bieago Belting f'o., il3 N. Green St., (Jliicago 7, III. 
Cliii‘.agi» Gasket I27li Wi'hI. Nurtli .Ave.. (Jiii'iigii, III. 
(’liicago Rawhide Mfg. ('ii., lOOCi Elston Ave., ('liiougn 22, 

I Ill. 

Uliicago-AVilcox Mfg, Co., 7701 .Avalon Ave., Chicago 10, 

Ill- 

Jamea B. (.Uow' it Sons, 201 N. J’alm.an Ave., Cbieagn 12, 

111 . 

('ontiiiental Diamonil Fibre Co., .2 Clmpel St.. Newark, 
Del. 

Gontinental Rubber Wks., 2000 Liberty St., Eric, Pu. 

II. N. Cook Belting Go., 401 llow.arrl St., San Franeiseo 
6, Cal. 

C. Lee Cook Mfg. Go., 010 S. 8ili St., Tiouiaville .2, Ky. 

Crane Co., 83h Michigan Ave., Cblcago 5, Ill. 

(p. lull) 

Crane Packing Co., iStK) Guyler Ave., Chicago 13, Ill. 
DareoiJ th)., Ine., 14.5-nih .Ave., N.A’.l'. 1.2 
Delgrri Mfg. Co., Jiir,, BdoiiIiiii, N.J. 

Detroit Gasket it Mfg. Go., 12(>40 Burt lid., Detroit 2.3, 
Mich. 

Dialillalioii ProiluctH liidu.Hlrien. I)iv. of I'laHlman Kiubik 
Cn.. RoclieHter 2, N.A'. 

E. I. du Pont dc Ncmijura A; Co., Iiic,, Wiliningion [)H, 
Del. (Plastic) 

Durabla Mfg. Co., 114 Liberty St.. N.A\C. R 
Ehret Magncaia Mfg. Co., Valley Forge, Pa. 

Endura Mfg. Corp.. 45 N. 4th St., Quakertown, Pa, 
Ernat Water Column & Gage Go., 250 S Ijivingston Ave., 
Livingston, N.J. 

Excelsior Leather Washer Mfg. Co., Inc., Rnckfrirrl, 111. 
(T->eathBr) 

I'eltiTS (!o., 210 Smith St., Rostnn 11, Mass. 

Felt IVrKlurta Mfg. Co., 1508 W. Carroll Ave., Chicogo 7, 
III. 

Fisher Leather Belting Go., Inc., 325 N. 3nl St., Phila. 0, 

I’a- 

Fle.xilallic (iaskel Cn.. 024 Eighth SI., t'limdeii 2, 

France Packing Co., J'acony, Phila. 35, Pa. 

Garlock Parking Co., 402 E. Main St., Palmyra, N.A'. 
General Tire di Rubber Co., GarHclil St., Wabash, 
Ind. (p. I7J ) 

R. F. Goodrich Cn., 5D0 S. Main St., Akron, 0. 

Goodyear Tire & Rubber Co., 1144 E. Market St., Akron 
16, O 

rinslu-ii Ruhhrr Co., Ine., Box 517, Goshen, Iinl. 

Harper Packing Co,, Inc... 312 Patterson St., Cheater, Pa. 
Ilewitt-Robins, Inc.. 240 Kensington Ave., RulTiilo 5, 

llulluw' Center Packing Co., 0523 Euclid Ave., Clevelanil 
3, O. 

E. F. Houghton A Co.; 30.3 W. Tiehigh Ave., Phila. 3.3, 
Pa 

( Cputinurd) 
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RLE US 
PAI OFF 


' KINETIC 
CHEMICALS 
FREON 

REFRIGERANTS 



NSUI kads thr nation and siippliLs ilu IRII World 
with highLSt quality Kifn^Lrantit and RLlngiration 
ProduLts 


Ansul s Sulfur Dioxide, Mtth)! ChlondL and Refrigeration Oil 
arL Liidorsid b> kading strviLL iiilii whoksakrs and nianufaL- 
turirs L\Lr>where They have met every ehallenge of the industry 
with Lonfidenie aided by the unsurpassed dependability and on 
the job teehnieal serviee whieh is part of the Ansul guarantee. 


Ansul IS a national leader in the distri¬ 
bution of Kinetie Chemieals lf(on' 
Refrigerants Users turn to Ansul for all 
their Refrigerant needs and enjoy the 
benefits of dealing with pioneers and 
leaders in the field of Refrigeration 

There is an Ansul Wholesaler near you. 
Take your problems to him Ihe help 
of his organization of capable teehni- 
cians with the baeking of the entire re¬ 
search and engineering staffs of Ansul 
Chemieal Company, are yours for the 
asking — at no cost or obligation. 


ANSUL All iBrnperature 

refrigeration oil 




A MCMI C H E M I C A L COMPANY 

REFRIGERATION DIVISION, MARINETTE, WISCONSIN 


ANSUe SUtFUPI DIDMIDE, ANSUL METHYL CHLORIDE, ANSUL OIL, NINETIC "FREDN" REFRIGERANTS 
ALSO MANUFACTURIR5 OF INDUSTRIAL CHEMICALS AND DRY CHEMICAL FIRE FATINGUISHERS 
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liASKK'I'S (t^imtliiijed) 


Imperial Brass Mfg. Co., 537 S. Racine Avc., Chicago 
7, 111. fp. lur) 

Inlfind MFk. Div., frefi'l. Motors Uorp., C!i,ylrin 1. O. 
Johns-Manvllle, 22 E. 4Dth St., N.Y.C. Ih [p. IHn) 
KtMisbtiy ik MuttiBon f’o., Ainblfr, Pii. 

Klinacrit. Inc., Hi HudBori St.. N.Y.C. 1.1 
Linear, Inc., State Rd. ik Tjcviek St., TMiiln. .'J.'i. Tii. 
McCord Curp., Klopelle & E. Grand fllvd., Detroit 
11, Mich. (p- j jj 

Metallo (.basket Co.. 10 Ttetliaiiy St,, Nnw nrunHwirk. N.,J. 
N[!W York llidtiriK it I’lickiiiK t^o., 1 Markot ,St., PjiHh:ui:, 
N..I. 

Quaker Rubber Corp., Tueuny ik Cnrnly Sta., I’liila. 21. 

Pb. 

RaybeBtriB-Marihattan, Ine., 01 Willett St., riiaaiiii’, N J. 
Resiatoflex Curp., 3!) Planauen St., Tlelliiville 0, N..I. 

.1. 1'^ ItboiiiiH it SoiiH, .M.'i .N. mil Si.. Snii l''i:ini‘iHi i> I':l 1. 
Rlinpae, Tne., liiH N. Cliiiton St., (liieaKO 0, Ml. 

Rndpak Mfn. Co., 1315 Natoma St.. San I'rariiiHcn 3. Ciil. 
Huhalex DIv., tireat AmericHn liidiiNtrio.s, lleilford, 
Va. (p. 

ChuB. A Scliiereii Co., 30 Ferry St., N.Y.C. 7 
Siiiiiutb-On MIk. Co., .')72 Coinniunipaw Ave., .lerBOv City 
4. N.J. 

Sininin* Riililirr I'ntiliu-I (n.. HiOO IliTlty Pl:ii'i‘, Slnllou, 


IT. S. Graphite Co., SaKinaw, Micli. 

IT. S. Rubber t’o., 1230 Ave. of tlie AmericiiB, N.Y.i-. 20 
Victor MfR. fk Gaaket Co., 57.50 Roosevelt Rd., Cbicapo 
!)0. Ill. 

W'iliniriKton I'iber Snecialty Co., P.O. Drawer 1028, Wil- 
iniiiRtoii !l!l, Del. 

W'olveriiie Fabrinatinn; <k MFr. Co., Iiie., PrineeBB Si. ik 
M.C.R.R., Inkater, Mich. 

York Corp., York, Pa. (p 0 


CAIJCK CLASSE.S 

Semnn Raelie ik Co., (i.'Ki f rreenwiili St., N.Y.C. 1 J 
Ti. .1. Rnrdo Co., Ine., 11.5 New St., (Uensirle. Pa. 

A. W. ( 'ln'Hl I'll nil ('ll., 1 ,\MliliiMil Si.. F\iti-II 4!I. M;ik.s. 

('oiiHoIiiliil I'll PraHB ('ll., Fill Suoiinit, llclroil U, Mieli. 
(■oriiiriK GlaBB W'kfl., (lorniiKE, N.Y. 

Crane ('o., 836 Michigan Avc., Cliicago .5, III. 

(p. inp) 

1 left'llder IiiBtruinent ik Henulalor ('o., 815 Clark .Ave., 
St. LoiiiB 2. Mo. 

I'^pbI Wiiti'T ('ohiino ik Gane (ni., 2.50 S. LiviugHton .Ave., 
liiviiiiKBtoii, N..T. 

Fiaeber ilt Porter Co., lliitboro, Pa. 

Meaile GniHlliie, 2I3.‘1 IIimtIivmuiiI Dliv'e, Lob .Aiiki'Ic'h 2.S, 
( 'al. 

iMauile S. Gni iloii Co , .'100,1 Walhiee SI-, CliicaK" L', 
111. 

Henry Valve Co., MelroNC Park, 111. [p. 141 ) 

Paul ll.lluyette Co., liic., 401 N. Hroiiil .SiTMiila. 8, l‘a. 
UliiiKerit, Iiie., l(i lluilaoii St., N.^’.C. 13 
,1. I'i. Loner^jaii f 'o., 2iii.l k Rare SI a., Phila. (>, Pa. 
liUiikiMilieiiiier Co., llerkiiian St. A: Wavi-ilv Avr., Ciirti. 
14, U. 

Nalban Mfij. 13)., 410 IL iOlilli St., N.Y.C. 20 
Oil Rite Corn., 3400 S. 13tli St.. Milwaukee 7, Wis. 
PiltabiirKb riiiLo Glaaa Co., 032 Duiiueane VVay, Pitta- 
buriEb 22, Pa. 

.Saiidee Mf|t. t'o., 50.50 J'ofthT .Ave.. (MiicriKn 30. 111. 
Sarca Co., -Inc., 350 Flftli Avc., N.Y.C. I (p. tt::) 
llvriiN Shank Co., h23 W. Jiick.siiii Hlvd., liliiragii h, 
III. ip, 

Shninatie Div., Hartford Maeliine Serew Co.. IMF Ho.v 
1440, l larlforil 2, (3- 

Swift l.iubrieiitor Co., Ine., 101 Home St., Cltiiiru. N.Y 
Wi'kaliT i'lieniiiilni'l IT ('nrp., .52 \\ . Ilniislini St.. N.^ .('. 
12 

WilliamB Gbiikp Co., 1020 PeiiriBvlviinia Ave., PiliBbiirKb 
3.1. Pa. 

W'riKlit-Auatin Co., 315 \V. Wooilbridgr SL, Detroit 20, 

Mirh. 


CACGE PULSATION AHSOKIIEHS 

.\nliti)ii \ iilvi‘ C 11..43 Keiidrii-k SI., VNrciil Maw. 

.1, E. I.ionerKAii Co., 2iid tk Rare Sta., Phila. 0, Pa. 
MiiiiiiiiiK Maxwell k Moore liie,. l'3i;iB Si.. Ilrid^elioil 
2, Cl. 

Menam Iniilruinent 13)., 10020 Madiaon Ave.. Cleveland 

2 . 0 . 


■ Mueller RriiHS Co., Port Huron, Mieh. 

• Taylor IiiHtriiineiiL Coa., !)5 Amra St., lloeheater 1, N.^'. 

I J. S. G/iuire, Div. of American MaL'hine tk Metala, Snllera- 
I ville. Pa. 


i 

I C;AIJGES. AIR FILTER 

I DollinKcr Corp., 1 Centre Park, Rorheater 3, N.Y. 

1 I'". W. Dwver Mfn. ('o.,3ir) S. VVeahTo Avi'., Cliirouo 12, 
! HI. 

('Ijiiiile S. Gordon (3).. 31)00 S. Wiillare Si ., Cliiejipn I fi, 

I Ill. 

I ITaya Corp., MirbiKiin f3ty, Iiul. 

i .Miiiiiiiiit:. .Maxwell k .Moore, II l''Jiji,s ,S|., hridKeporl 
I 2. Cl. 

I Ow(;nH-(]i)rnlng FlbL*rglas Curp., 2012 NlchulaHBldg., 
j Tnledt) I, O. (p. /o') 

' I’aa.Mrlie .Airitrii.sli Cn., ] 1III.5 DiviT.Ni-v 13%wy.. I'liii'timi 
I ^ 14. III. 

I IT. S. Gauite, Fliv of Aineriran Murliine tk Metals, Sellers- 
j ville. I'a. 


CAIJC.'ES, AMMONIA, COMPOUND, FREON. 
PRESSURE, VACUUM, etc. 


I 


Aaliloii N'alvi; l’o.,4i'i Kondriek Si.. Wreiitliam, M:i.hh. 

Hailey Meter (3i.. 11)51) Ivaidioe Kd.. Cleyeland II). O. 

Hakr-r HefriKeratimi ('orp).,S. Windham, .Me. 

hriBlol Co., AValerbury 20, f ’t. 

Hrowii Inatrument Cn., Div., Miniieapolis-lIone.'V'well 
IleKulator Co.. 4414 Wayne .Ave.., Phila. 44. P;i. 

Crane Co., 835 Michigan Ave., Chicago 5, HI. 

ip. 11 1 : 1 ) 

DefeniliT Tnatnunenl. <k Rejrulatnr Co., 815 Clark .Avi;., St. 
laniie 2, Mo, 

1 lint illation 13'odiii‘lH IiiiIuhI rii'H, Div. of CaHini.'ui Kodak 

( 'o., HrieheBtiT 3, N V. 

IC W. Dwver .Mf>j. Ci).,,'!l,5 S. W'e.Mlern .Axe,, f.'h ie;i trn 12, 
HI. 

Ileiieral hlliM-trie I'o., 1 River HiL. Seherieel.idy 5, N'A' 

Goiliaiii iMBtruiiient Co., Iiir., II!) WnowterSt., N.ALC’. 12 

I lays Ciirp., Mirhiiran City. Inri. 

Iluhbell Corp., P.O. Box 7I1U, Hawley Rd., Munde¬ 
lein, 111 . (p. ISS) 

Imperial Brass Mfg. (3)., 537 S. Racine Ave., Chicago 

7, Ill. ( 7 ). liii) 

JxIinp-riTit, Ini'., Hi lludBon St., N.^^('. 13 

,1. J'L Lonergiiii C/O., 2iid ik R.'ire StB., Phihi. li, Pa. 

Maiiiiiiiu. Maxwell k Moore, Ine., 11 I'3i:i.H SI., Hriiljie- 
pnrt 2, Cl. 

.laiiieB P. MarHh l.)orp., Skokie, III. 

Mai'Blialltowii MIk. Co., MaiHhalltown, In. 

.Meriam Inst rill in ill Co,, HU120 Madimon .\\'e., Cleveland 

2 . (). 

NiirnbiTK 'rhermoineter Co., Lie., 124 LiviiiKBtoM St., 
Hrooklyji 2, N.YL 

Pi ei'i.Hinii I'lii'rirnimi'l IT k. IiihI nun lii I ( 3i., 1442 Hrand.V- 
wiiie St,, Phila. 30, Pa. 

Roi'heate-r Mf^. Co., Ine., IIJI) Rockwood St.. Hnehi'Mli-r 
10. N.V. 

Taylor IiihI rumenI. Cob., 1)5 Aiui'H.Si., llorheBliT 1. N.Y . 

H. 1). 'I'rericp Co., 1120 W. Lafayette illvd.. Di-tniil Hi, 
Mieh. 

U. S. liauttc, Div. ol .American Machine k MeLalH, ScHith- 
vilie. Pa. 

Wekslcr'rherniomel IT Corp., 52 AV. Houslon St., N.YLf '. 
12 


CAUGES, DRAFT, DUCT PRESSURE, etc. 


Hailey Meier Co., 1050 Ivanhoe Rd., Cleveland 11), D. 

HriBtol Co.. AValiTbury 20, f3,. 

Brown InBlrument Co., Div., Miiineapolifl-TTnneywell 
IlcKuhitnr Cii.. 4414 Wayne -Yve., Phila. 44, Pa. 

Defender IiiBtrumeiit k IlcizuiMlor Co.. S15 CMark Ave., SL 
Lnuin 2, Mo. 

F. AV. Dwx'er MTk. f3»., 315 S. W3“bIitii .Ave., ('liicaKO 12, 
Ill 

i EclipBe-l^iLiiieer Dix'.. lhaiilix .Ax'ialioii (oirp., Teterboro, 

I N.J. 

llnBiini!B luatriuneut Co., Hain|)lon. A'a. 

Hays Corp., MiehifEan City, lud 

E. A emon Hill, Ii82l) W. IliiEhlaiid Ave., I'liii-aKo 31, HI. 

Maiiiiiiie. M.-ixxvell k Moore, Ini:.. II ICIias SI,, Hridge- 
pnrl 2, Cl. 

Meriam IiiBtruiiiLTit 13)., UJ!)2l) Miiditu)ii Avc , Clexa-land 
2 . 0 . 





REfri;jeration Classified 


GAUGES 
GOVERNORS 117 


iVi ciaioii TliL*!inL)iiu;i[T it IiiHlninuMii 1442 nrnnrly- 
winr St., IMiihi. ilO, I'u. 

r.iylitr ('n.s., !lfi Aiiit h SI.. T{nr-lifsl it 1, X.V. 

II. I). 'I’rLTii-L' L-o., 1121) \V. liuf.ii L'tti- lllvil. Dcl.ruil IG, 

Mirli. 

I\ S. I rJiuHP, Div fiF AnirTir;v?i jM;ii-liiiip- A- M I'hilt, .'5i‘11ith 
viJIt', Pil. 


tiAUGF.S, FLOW RATF (Si-c FLOW RA'I'F INDI¬ 
CATORS) 


(;AUCKS, LIOOII) LLVLL, TANK, eli. [Set uIhd 
C;AUCE liLASSKS) 

Spark riuK Div., fien'l. Mnturs Corp., l-'Hiit 2 Mirli. 
A.p^liluii \ alvi- ri)., 4;i Ki'jirlrirk SI,,, \N riMilli:iiii. Miins 
Aiil r)in:il ii- 4'[‘iiiprMVif lire (,'nrilri»l I'n., Ine.. .1212 I’lilaski 
Avi'., Pliilu. 44. Pii. 

Hailey Meter (^d., in.^O Iviiulioc lid., Olevidaiid U), O. 
Mijiir I-uljiieal iiiji 1.11 Urn I I’a.H.saii- Si.. Kurlii-lli' 

I'.irk, N..). 

k. J. HordD Cn., Inn,., 115 New St.. Clenaidi', I’a. 

Hriatnl Co., Waterhiiry 21), Ct. 

Mniwii IiiHtriiriieiit Co., Div., MinneajndiH lloni'ywell 
IteKiilator Co., 441-1 VVaync .Ave., IMiila. 11, Pa. 
PuilLlcrH-ProviiJennn, Tm;., P.l). Mn.v 1142, Prnviilenec 1, 
K.I. 

I 'iilluitl J'aiuip. Cu., Ini'.. Til) I'liun-li SI., N,\ C. 7 
I'on.sdlidated llruHH Cu., l.'l!) Siiiiiiiiil, DeLruit !). Alich. 

Crane Co., H3G Michigan Ave., (Chicago 5, 111. 

(p. UK') 

laiitst Wuliir Cpluniii it CJ-a*te Ci).. 251) S. Livinpc.Hl.nn Ave. 
Livincaton, N.J. 

I’ischor it Porter Co., HailiDio, I’a. 

Foxlmrii t.'o., .'IS .N'rpoiiBet Ave,, I’lixlnini. Mtina. 

I''rii'k Cn., Wavne.shoro, Pa. i/< -W) 

I 'iaud S. finrdijli Cu., ;il)l)l) S. Wallarc SI., Cliii-;i;x.i Hi. III. 
IlayB Corp, Minhigan City, Iiid. 

Henry Valve Co., Melrose Park, III. (/», /.;/) 

I), (', Ki'kley I’ll , 401) . M;uli.siiit Si . I'Inrufru Ii, III. 

Kliiigirit, Inn., Hi lIiiilHon St., N.A'.CC IM 
K'ninger Sentry GauiL'e I'u., 10511 W. Ma.‘n»n Si., tireen 
Ha.v. Wia. 

l. ii|ui(ir|]tli Inilinal ui'H, Inn., 42 211-2,Stli SC, Long L*ilaiul 

CityJ.NV. 

LiiiiiidDtiif'ter t'orn., H-l).‘l-:i(ith St.. Long Islanil Cily 1. 
N.Y. 

JiijrikeidieiiiKT Co., Hi'ckinan SI, it Wavi'ilv Avo , CiiiMi 
11 , 0 . 

.Maii'iiiig, .Muvm’i II it .Millin', Ini'., II I'.lius Si,. Hiiilgi' 
jitii'l 2, Cl. 

N iirnln-rg riieMiiiiiiinl ei- I'u., Iiic., 121 Liviiignlon ,'>1.. 
Hninkivn 2, N.A'. 

Preeisinn 'rknrniniriel er it liiHlriininit Cu., 1442 Ilrainly- 
wine St., J’hil.'i,. ;i[), Pa. 

II iiolinHl I T .Mfg. (.‘ii., liM-., 100 IlfiirkwiMifl St., |{()i'lieBtiT 

10. N.V. 

Cyrus .Sliank Co., tii.4 W. .lack.soii lllvil., Chicago 6, 

111. I/I /.7.i) 

Swift Iad.)ri('jitor Co., Inn,, 101 Iluiiie Si., ICIinira, N.YC 
Tayliir liistruiiierit ('ns., 05 .Arnes St., IHn'iu-.stiT 1, N.A'. 
IJ. S. (iiiUKe, Div. ol AiiiiTinaii Manliinn it Metals, iSellirrs- 
villc, Pa. 

^ iking I’linip f.’fi., 4111 it Siiiiim Sts., Cedar I'aHs, la. 

\N ijliaiiis t iaiige I'n., II12II I'rii nsyl v:i.iii:i A\i'., PiHsliiirgli 
42, I’a. 

AVrigliI-Austin Co., 415 VV. WoDflbridge St., Detroit 2i:, 
Mieh. 

Yarnall-W'aring Co., Cliustnut Hill, I’liil.a. 18, Pii. 


GAUGES,TEMPERATURE (See THERMOMETERS. 
DIAL) 


fiEAR MOTORS (See MOTORS, GEARHEAD) 


(iEARS 

Xiiifilex Di\'.. t'lir\'f<liT I'urp.. (1501 llalpi'!' Di-fruil 

;il. .Mini., 

Chaa. Horiil Co.. 017 Areli St,. Pliila,, Pa. 

HiiHtoii (iear AA'orks. (Jiiinev 71, M,'i.h.>i. 

('hinagn Die Casting -Mfg. Co.. 2500 W. Munron St., Clii- 
nago 12, Ill. 

DcLaval iStearn Turbine Cn., H5H Nnttingliarii Way. 'I'nai- 
toii 2, N,.I. 

Fairfield -Mfg. Co., Lafayette, lull. 


VS. A .linii's Fiuirnlrv it Manliiiie Cu., 4401 Hunwvell 
lid.. I 'liieagii 24. III. 

Liiik-ltell Cu,. 2045 >V. Iliinling Park, Pliila. 40, T’li, 
.Mueller I5r:i.s^ I'u.. I!I25 L:i|M'i'r A\i' . I’liil Ihirun. Mii'li. 
I )lii(> tli':ir Co.. I4;’..4 I '.. 17'.) Si , Cleveland, D. 

PaliiiiT-Mi'e t'u., 1701 Poland .Ave., Detroit 12, Mieli, 
Pliil.-idelpliie lii-ar \N ks.. Inn., Ii SI. it lOrie .Ave., I’hil.-u. Li, 
Pa. 

Hainsey Chain Co., liii',, ‘.iDO Mruadway, .Allmny 1 N.V . 
Suitoiids Gear it M fg. I.'n., 250 I 1 iliertv A ^ i .. Pi I Isliurgli 
I 1'=^ 

j Westiiigliouse I'ilee. Corp.. I'L Pittsliurgli. I'a. 

! \N I'hl iiigliiMisi- I'Ji'i'. I'(ir|i,. 201) M |■ClLn^lll■NM Ave., PillB- 
Inirgli, I’a. 

I (.'ENERAIORS [Sve ELECTRIC GENERAI'INr; 

I PLAN'IS; aInu MOI'OR GENERATORS) 

! 

I (il.ASS 

SeriKu. Maelie it Co., HOli I ireenwirh St., N.V'.C'. 11 
' I'nriiing GI.'i.sh \\ iirk' ( oriiiiig N.V. 
j Dearborn UlaHs l.'o.,2 ll4 VY. l ist Si.. Chinagn 8, HI. 

. Honker GI:ims it Taint it Mfg. Cn., 115!) W. \S ashiiigliin 
; HIvrL. Chieago, HI. 

■ Lilihev -I'liH-I’ord (iklBS Cu., Nieliolas Hldg., 'Tidedu .'1, 

(>. 

I MiKsis; 'p.-i HhiBH I u,. SS Aiiiri'lien SI ,, SI . Lihiib 7, Mu. 

: PitlHlnirgh Plati! Glass Cu., (142 I luiiuesne W ay, Pitls- 
liiirgh 22, I’ll. 

liLASS BLOCKS 

llunkur Glass it PainI it Mfg. I'u,, 11,50 W. Wasliiiiglon 
, Hlvd., I Oiieagn, 111. 

I )\veiiH Hlinnis Glass Co., Diiragl.-is HMg., 'I'ulialo 1, I). 

' Piltshurgh Coriiiiig Ciirp., .lILZ-ilh Ave., I'llisburgh 
i 22, Pa. ^ [/., /2.'/i 

( Pitlslnirgli Plali' Gla.ss f'li., 042 Dminesne Wii.x’, Pills- 
i burgh 22, I’a. 

I l{efr!urtorv it Insidatiim Corj)., 120 Wall St., N.Y.C. 5 

CI.ASS FILLERS fSee DRINKING WATER 
COOLER Fin INC.S) 


(;LA.SS, cadge (See r;Ai)(;E glasses) 


GLASS, INSULATINr; OR HEAT DEFLECTING 

Eililii'.v-f )V'eiiS-l'''i<nl Gla.HH f'u , Ninholas Hlilg., O'liledn 4, 

I). 

Mi.s.sisHi|.t|»i Gloss Cri , 88 Angelici SI., .Si l.uuiM 7, Mo. 

I*iir.sburgh Gurniiig Gurp., .tll7-4tii Ave., Plll.shurgh 

22, Pa. ^ I/I U^'h 

Pittshiirgh Plate Glass Cu., 0.02 Diniuesne VViiy, Pitts¬ 
burgh 22. I’a. 

'I'heririopann Tliv., Lihliey-^l )ivi'nM-l‘'oMl Glass Co., Ninho- 
las Tddg., 'Toledo 4, G. 


GLASS SPECIALTIES 

Ar-riie Industrial (0)., 205 N. Lallin St., Chir-agn 7, III. 
.Si'iiioii Hanhe it Go., 040 Gri'enwinh St., N.V'.fL 1-1 
Currnll rOasH 1 nstruinr-nt f^o., 0742 Lebanriri Avn., Phila. 
41. Pa. 

Coriiifig GhiBH W'kH., Corning. N.Y. 

Di!jirborn GhiBs (in., 2414 Wy 2lHt St., Chiragn W, III. 

I )islillalinn Prnrluelh liuIuslrieH, 1 )i\'. nf Ea.Htniaii Kurliik 
I 'o.. Itnchi'sler 4. .\.V. 

Fiflcher (t Purler (an, Ilatborn, I’a. 


GLYCOLS 

fiarbidfi (t Carbon Cilujininals fhrrp.. Unit of Criinn (air- 
hide it fJarljiin Corn., 00 K. 42nil St., N.V'.C. 17 
Dnw Chnniinal Can, Midland, Miiih. 

F. I. dnl’uiit de Ni'iiioiirs iV I'u., Inr-.. W’iliniiiglnn OH, 
Del. 


GOVERNORS 

Davis IlegiihitDr Co., 2511 S. W'aBliienaw Ave., (diinago 8. 

III. 

, LEsliE Can, Lyndhiirst, N..L 
! Troy T.iigine A .Vlai'hine ((u., 'I'rov, Pa. 

! Williams (jlauge (ai., 1(120 I’l.'ririsyl vania .Ave., I’i I tsbiirgli 
j 44. Pa. 



IIB 


Refrigeration Classified 


The TRRIIE Company 

2030 Cameron Avenue, Lu Crosse, Wisconsin 

A COMPLETE LINE OF HEATING, COOLING, AIR CONDITIONING 
AND AIR HANDLING EOlJIPMENT 


(Ivcr 71) II. M. Ilranch OflirpH 


Aldaist, New Ydhk 

Dallas, Texa.s 

Can .SIM,, MlLll. 

Hdanokb, Va. 

Aij.aNTnwN, Pa. 

llAVENrnnT, InwA 

Cos Aneei.es, Calif. 

Hi) CHESTER. IN.Y. 

Amahiu.d, Texas 

DaytuN, Diiid 

I.IIIM.HVILI.E, Ky, 

.St. Coins, Mo. 

Ai’pi.etdn, Wis. 

Denver, Colo. 

Memphis. Tenn. 

St. Paul, Minn. 

Atlanta, Ca. 

Des Moines, InwA 

Miami, I-'i.a. 

Saginaw, Mich. 

AunoHA, 111. 

Dethuit, Mi till. 

Milwaukee, Wis. 

.Salt I.akk City, Utah 

tlAl.TIMOIIE, Mil. 

Duluth, Minn. 

Missoula, Mont. 

San Antonio, 1'exas 

IIavi’UHt. L.I., N-Y. 

haiiR, Pa. 

iNASiiriLi.E, Tenn. 

.San F'banciscd, Calif. 

lliLi.iNLH, Mont. 

l•l.INT, Mich. 

^EWARK, N.J. 

.Seattle, Wash. 

IIihmincijam, Ala. 

UAINESVILLE, Pl.A. 

M:w Dri.eans, I.a. 

.Sioux City, Iowa 

Huston, Ma.ss. 

hiiAND Hapius, Mich. 

New YfiRK, N.Y. 

SnuTii Ueno, InII. 

lluTFAi.n, N.Y. 

l^nEEN.saono, N.C. 

\llllTII t'AllllV riMVN, N.Y. 

Sl'UKANE, Wa.sii. 

l^ANTON, (tlllU 

l.nERNVII.I.E, S.C. 

(Iklaiioma IOtv, I.Ikla. 

Syiiacuse, N.Y. 

lillAIII.F.STnN, W.Vk. 

tlAHHlSDlJIIC, I'A. 

IImaiia, Neii. 

I'nLEno, Dhio 

nilATTANOOfiA, TeNN. 

Houston, Tex. 

I'llll.AHELPlIlA, Ta. 

IllUMllULL, t'uNN. 

ClIllJICO, Il.L. 

iNIIIANAPaLIH, iNll. 

I'huenix, Aniz. 

Washingtun, D.C. 

laNCINNATI, OlIIU 

.|ai:k.<ion, Misn. 

I'ITTSIIIIH(.II, pA. 

West JIahtfuiio, IIiinn, 

Clahksiiuiii;, W.Va. 

JiiUNBuN City, Tenn, 

PiiiiTLAND, Maine 

WiiaiiTA, Kan. 

HlEVELANI), tJlIIQ 

Kansas City, Kan. 

I'onTLANn. Due. 

Vi'ii.KE.s IIariie, Pa. 

Cni.itMHiA, .S.C. 

KMIXVIU.E. Tenn. 

I‘hoviiieni E, in. 

Wll.MlNCTON, Df.I.. 

Cni.iiMDiis, Quid 

I.a CniLssE, Wis. 

IllCHMONU, Va. 

WlIH LESTER, Mas.S. 


Hulrn CnnnnrlinnR 

All Over Tho Wiirlil 


In Cnniiiln : 

'Ihane Company of Canaua, 

Ltd., Mowat & King Sis., W., 

J'niiinln. ()ii|. 


A COMPLETE LINE 


1 he I r; I lie ('.Diiipaiiy hiiilds a iniiijilcic line of healing, looling aiul air hainlling rquip- 
ineril. So roni|)rclu‘iisivc is ihis line ihal all major ilcin.s for any appliiaiion can be .siip- 
filieil by I raiic. I bis inuliviileil responsibilily assore.s anliileil, engimei aiul cunlratlor 
lhal eaih piete of eipiipnient will work with ihc oihers to give peak clTuiency for the 
over all .system. From basement equipment room to roof ventilator, it’s Trane equi])ment. 


COOLING COILS 

IhcTi; is a 'ITaiie Exli'iidcd Surface 
Coil for every coiiilurt cixiliiig or proccs.s- 
iiig applicaiiini. iraiic Cuuliiig Cnils 
ruiiir ill a wiilc variety iif .si/c.s and 
arraiigcniciil.s Jiir u.sc willi cillici ridd 
vvatiT or direct cxpansiriii rcrrigfraiit.s 
as the conliiig iiiediiiiii. 



Type 1 )E CDolint CdiI 


CLIMATE CHANGERS 

A.s its name implie.s, ilu- Climate 
C.tiaiiger i.s a unit ly|K: air cnndiliuiier 
tor comfort or iiidusiiial [)roi:e.s.siiig 
appliraiions. 'I'lie rompli'iL' iiiiil ran 
.snppply liL'aiiiig, moling, i Liiiilai ion. 
Iiiiiniililicalioii, drluiinidifirali mi and 
lilieriiig. It can do all, oi am comliina 
lion, nf these jobs. (Capacities trniii I til) 
Ions. Also a\ailable in inulliple /mie 
imils. 


SELF-CONTAINED AIR CONDITIONERS 

For the smaller installaLion such as 
home, office, store or shop, these cam- 
pact units discharge fresh, clean air into 
the zone of occupancy. Heating coils can 



IlnrizDnial Climate Changer 



Scll-CDiilamcd Ah CDinfiliDncr 


lie added for year 'rmmil use. These 
liandsomcly rugged unil.s arc available 
in si/cs from ihrtnigh in lip. 


EVAPORATIVE CONDENSERS 

For in.slallations in localities whne the 
use of water fur cuiitlensing the refrig- 
ciani in the air cnnrliiinning system is 
restricted, or where disposal of large 
(liianiilie.s of water is a piolileni. These 
units condensr rerrigcraiils by the evap¬ 
orative prorcs.s using a lonslanlly rc- 
circnlarcd supply of water. The only 
water lost is that which is evaporated 
to cool the water being circulated. Sizes 
finm 3 Id idd tons. 

RECIPROCATING COMPRESSORS AND 
CONDENSER UNITS 

Compact. i]uiel inulling Trane Recipro 
eating Compi issnr.s have inienial ca¬ 
pacity coiilml lhal adjusts npeialing 
level anil power iieed.s in cooling loaihs 
antomalically. l one feiil lubiication, 
procc.s.seLl val\ es ailil years of .service to 
this all new. all Trane roriijiiessor. 
Dii ecL-di ive. iniii.s .start unloaded. Six 
models. 10 .^0 tons; 4, (i or 8 cylinders. 
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TRANE CENTRAVAC 

HcvmctiL: rrntrifiigal ilIi igi r.il inn iinil 

_;i iDin|)k:lL' waLci iliilliiig .s\suin. 

L,0111 Til 1‘U‘lv 'IraiiL- Llusigiufl anil hiiill. 
llie llpii IiaVac Icaluics aiihiinalk la 
parin rniilrol. No seals in gravs. Cajjau- 
lics laiigi' Irniii 'Ifi 21(i Inns, Unil pi'i 
Inriiis (‘llirirnlly at npLialing 1 i-m“1s ilnwii 
111 Ilf lau-il rapacily. 


TRANE DRY EXPANSION CHILLERS 

The ^Iranc Dry Expansion C.liilltT is 
flcsigntrrl lo prnviilc diillcLl wairr For 
various cniiifnrt and pi[ici.-ss rcKiliiig 
jobs. Ill ihis unil ihe ri-lrigrrani is cir- 
[iilati'il in Ihe liilirs riF a coil conlaiiiL'tl 
u’iiliin llic iiiiirr sliill. VValci is jia.ssed 
uvLT ilic UitiL's anil LliilliMl. 1 rani' l)i v 
r.xpan.sion Lhillns have ovit ‘ponn 
varialitins in a iviili' raiigi- ol rapariirrs. 

TRANE AIR WASHERS 

I lain- Air Waslitrs are ol inggiil ivaiti- 
pniDl cniislriK liuii, ilesigiinl in gi\ i: 
bniiiig li uuhle free .st'i vii e. I liese uni is 
ninie in fi fool. 7 liiiil anil !l Fool lengllis 
in one siage uiiii.s. I wii .siage unils are 
also a\ailal)le. t:a|);niiies ol l iaiie Air 
\N asliiTS range From .d.OIM) in 711.01)0 r im. 


TRANE CENTRIFUGAL FANS 

Kecoinnieinled For all lypi^s of healing, 
rooling, venlilaling anil air liamlling 
a|iplii ations. Ai ailalile in Iniili I nnvaul 
rinieil ami liarkwarilh iiiilinetl blade 
designs, hell or ilirerl ilrive, single or 
ilonlile wirlllis, lieel diamelers (loi- 
'\ ai d iiirlineil): 4* i'" In H9"; (Fiaikwaid 
ini lined); 11 ,’" |o l()!l". 

TRANE EVAPORATIVE COOLERS 

Desigiieil for cooling fluiils in a iloscil 
system, such as i|nciu:hing oil, engine 
jarkci water, engine Inliritaling oil, cic. 
Using this type of unil cliininaies ihe 
possibiliiy uf coniaiiiiiiaiing ibe lir|uid 
being roolerl and alfnnls cnoliiig wiih 
out direct contact of fluids wiib ilie air. 


TRANE PRODUCT COOLERS 

Trane Product Coolers for forced cii- 
culation of refrigerated air in walk-in 
boxes come in lo si/es with a wide range 
of capacities. 


TRANE CIRCULATING PUMPS 

The Trane Type SSIJ Pump Is pic- 
cision built for mounling directly on 
the driving mninr. Available in Tisr 
si/cs finm i" iliroiigli with niaxi- 




Kv:i|iiiriilivii CiinilfiiHer 
.StTlfH 5(1 



llri‘i|iriM-:ilinK l’•nl•- 
lirroHiir Miidrl —0 i-l 





Yr:inc llrv Expanlifin 
LlilllBr 



III .Sin^lD Width 
CenlrlTugal Fan 


iiuini rapaciiy of Ji^n gallons per iitinutr 
again.st Ho feel, or 125 gallons per min 
tile agaiiisl a maximum bead of izo 
feet. 

UNITRANE 

Itiroipnraling moilcin bLaniv with the 
laiesi in air enndilioning ih \ i Inpirirnts, 
I he i ('\ [iliitionai y new Uni I rane n-fire- 
sinis (he liiusl in iniilii room ait rnii 
ililimiiiig. I'ni rrane is iliiclless, rm- 
ploving a palenleil mnisinre contioller 
dial IS exiliisivilv Trane lo give coin- 
pltMi ly iiulepemlLiii inoisiiire and lein- 
peiaiiiiL' coiiirol. Ihis fealnre inake.s 
Uni rrane (he .mly sysleiii lliai sepa- 
laiely |)i 01 esses \ eiililal ion air wilhin 
Ihe iinii, enlindy I'liniinaiing expeivsive, 
spai e Dosniiiing ilnrlwoik. Each unit i.s 
iiidepi iiileni liom ilie oilier, giving full 
Icnaiit conirul and iinre,i.sed llexihiliiy. 

TRANE DRY TYPE FLUID COOLER 

('onilcnses rt fi igto anis by air lonliiig, 
eliiiiinal ing uaiev loss ami exiensive 
ivaiei lieaimeni. [ aniili-iises ga.se.s in 
rloseil .sysiem willi niinimuni mainle- 
nanre. Also siiileil lor rooling eiigiiu: 
jacket waicr and lubiiiaiing oil, proi e.s.s 
rooling ami comli'ii.sing. A\'ail:ible in 22 
.si/es, willi verliial or lioii/onial air How. 

TRANE AIR CONDITIONING MANUAL 

Jrane oilers ibe engiiu'eriiig pioressiriii 
an unbiased lexibonk enveriiig the 
fnmlamenials of air cnmliiioniiig. I lie 
Manual noi only .shows bow lo design 
t’Mry lype of .sysli'iii, Inil riarifies ihi- 
nnileilying |)iinriples as well, enabling 
bulb sindent and engineer to reason 
on I I heir own problems. Price Ir^.iio. 

TRANE REFRIGERATION MANUAL 

Piililished jnimaiily as an aiil in nnrler- 
slanding anil lorreciing inslallalirm, 
inainleiianre and repair juoblem.s. Price 
5 1 TiO- 

OTHER TRANE EQUIPMENT 

riie [Dm|jlrle i rane Line also inrhiili's 
— I. I rane Unit Venlilatnr.s for .scliool- 
rnoiii air conililioning; 2 . 1 rane Coii- 

densalion and Cenirilugal Pumps for a 
large vaiiily of uses; 3 . I rane Eorce-rio 
Meal CIS for riuici heat and neat appear- 
aiirc; 4 . Trane Railroad and Bus Air 
Conditioning Etpripmenl of all kinds; 
1 ^, franc .^bell and f ube Meat Ex¬ 
changers fur cooling and healing vapors 
or liquids in a closed sysiem; G. Tian.s- 
fornuT Oil Cooler-s; 7 . ronvecinr-radia- 
lors; fl. Healing Coils; g. Unit Heaters— 
propeller and blower; 10 . Roof Vcnlila- 
lors; II. Steam Heating .Specialties; la. 
Mol Water Specialties; 13 . Wall-Fin 
Heaters. 
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Refrigeration Classified 


f.KAPHI 1 1 FKODLIL I S (See aUn ( ARBON PROD¬ 
UCTS) 

XrhcBon ( uIIdicIb ( urp , PurJ Huron Mirli 
trrauhilL Ml tiilluiiiK C orn , 1U5U Nenn'rhiin \\p ^ on 
kera ) N Y 

SncLr ( urboii Co , St Murys Pii 
If S IrruphiLf ( o S<iiKinaw Mitli 


CREASE CUPS (See alsii LUBRILArOHS) 

KryntoiiB 1 ubniatiiiK Co 2lc)1 & I ijjjjiiiroti SIh I'liila 
J2 Pa 

I ink Blit To 22U S Bilriionl Avi Iiirlpln ii Iiid 
I unkcnhr imcr C a Briknian St A VViMrly Avi ( in ti 
14, O 

Swift Lubniutor t o Inr 101 llonu St 1 linini N \ 


CRfrASLS 

I itiHH Sirviii fill f II (Pa ) fill Wail 1 uwtr N L *1 
J HBii SLaiidard t)il ( o 15 VV 51 pI SI N A t IM 
(riilf Oil ( orp (lulf BUIk PiLtHbiirKh Pa 
I 1 IIiJUKbton Ar ( u 10 I V\ 1 lIiikIi Avi Pliila 11 Pa 
IviyHloni 1 iilniralinn: ( i 21 h 1 A I ippiiii ott Sta Phila 
12 Pa 

1 ubnplaLt Div 1 lukc Broa Bi hning ( o 12'l ] nikwoml 
St Ncwrnrk N J 

Muiiiiillan Pi troll mn ( oiji 510 VV litli St T oh Aneilin 
14 C al 

SlulIOiltri Ini 50 W 50Lli St N I 20 
Standard Oil I o of Lalifonua 225 Buah SI San Inn 
riBLO 20 ( al 

Sun Oil ( II 11 OM \5 lIiiuI Si Plnl i 1 P i 


(.RILIIS Sll alNO AIR SI RS 

^ A \ llitfiHlir ( K1.7 1 liiiliii Kil 1 1 \ liiid >1 t) 

A ) MTk ( 0 2110 WaaliiniEtrin KaiiBaa ( ity 8 M i) 

All ( ijiitrol Prodiictn Inr f nprrH\ill[ Midi 
AnemoHtul ( orp nf America, 10 L 39th St , N Y C 
lb p 

Aui r HeKinti r ( LJ JtiOH Payni \vl ( livclaiid O 
BaliiiniMi to 1(K)1 S Marnliall SI VlinHinn S(,|irn 7 
N ( 

Barber C olinaii C o Horkfiird Ill 

Ml nt Hi KiBt i r ( n 2(HI5 W Okl ilioiii i Am Milwiiikii? 
Win 

( I iilrul W III A li on W kH I2ll ImlirISI DinMnniiH 
0 la 

I rintrolair MIk ( o 1II 1- S I unpton \vi I oh \ii|ciIib 
I al 

I >ili)iiL I LULL I)i\ Aminran Stir I A W irr Co IT S 
Steel C orp SuliBiiliarv P (I Box 2(i0 WaukiK^n 1 
111 

Diuiiiund MIk Lo W\ominK Pa 

1 lupin \ Liitilatioii I luipiniiil ( o 15 Cl \ i nmii BImI 
1 oiiK Inlaiiit ( ilV 1 N ^ 

(mil ral liiduHtriLH C o OIimA 1 ivlnr ‘^(h I l>ria O 
lliLiniiKl » A Kiiii: Pi if II line 1 5l 55 1 illni in S| 

I liii nei 11 III 

Hart A C uiiliy MIr ( o 5(M) I 8th St Holland Midi 

llindriik M fe to ( aibondali Pa 

linpp I oifi 1250 W 7lilh t Inriiiiul 2 H 


liidipLiidrnt Kegiatir t o 1747 L 'Hril SI ( IfMliid 5 
O 

Luckjoiiit Wood Products ( o 1721 Mildred V\i Wnl 
ita 7 Kan 

Manhattan I’erfoniUd Mital Co liii 41 I" 571 li St 
Long IsLiiid C it> 1 NY 

Mlnneapnlis-llrinevwell Reftulatiir ( n 2911 4(li 
Avl , S , MliiiiLapnlis N Minn ; f | 

Newman IlroB , Inc tibO W 4th St Cin'Ii 1 O 
Pvh Nitl Co 1271 W 27lh St Urn ago 0 III 
St I ouiB Blow Pipi & Heater Co Inc Div of Sknim r 
I Heating A Ventilating C □ Inc 1048 N Oth St Si 
I Lduib b. Mo 

Snvdir I (|uip 1 o 4115 I dw iriN Hil ( n in i ni 'I (I 

' Amos I lioiiipsoii ( orp I dinbuig Ind 

I II 1 ilchr 111 r A ( [i 7l I lin1 1 i St I ii ^1 tii I i \ 

iituaMfg t orp Waterloo la 
1 uttlc A Bailpy Inr Nlw Briliim Ll 
' I S Air ( onililioning C nrp I nnin Am S I ii 
llrd Si Minneapolis 14 Minn ; 

I S trypBum C (I 101) \V AiIiiiih Si C Ini igo li Ill 
U S liigisUr Co 114 1 Bunili nil St Bit tic ( n 1 
I Midi 

I United Sted A Wirt t o Bitllc L rr i I Midi 
I W ill Will PiiiiJii IH I PIvin ull Ml I 
V uung IteguLiLur C o 520 ) 1 udid Avi ( li VLland O 


r^ROMMIl S (See WASIHRS aUn RUDHI R PROD 
UC IS, MDI 1)1 D) 


UUARDS, FAN, MAC HIM RV etc (Sll also V\1H| 

^ PORMINC.) 

Buffalo Wirt Wks 151) 1 truce Huff ilo 2 N ^ 

I I Liitr il V\ in. A li i II W 1 B l I I i usl St l)i h M i h 
I Oil 

C ollis ( n Box 2^1 t Bn Inn I i f I 

fyiioiielimt Div Aniirn in St 1 A VNiir i 1 s 
Slid C orp Subsiiliar\ 1 1) B x _L() AA luligiii I 
111 

Dalilslrom Mitallic Door ( r 41 i Buff il SI Inn s 
town N \ 

I ihlnin ( 111 Dll ii I ml I ss i N I 

II irrniglni A Kii 1 irl r In ^ f 51 i 1 illn r 

( Ini igi 44 HI 

Kintueky Milal Pr nlinlH t i li hLot SL ili Vuiliib i 
Park 1 ouiBvilli 4 Kj 

PuliiioHii sill tv 1 imp I 11 I n I li '^1 Bi I U 

17 N A 

I dw Hi mu buig A ns ( i ') B hI i si Billin r 
24 Md 

St I ouiB Blow Pipi A 11 1 it 11 ( lie I )i V r SI II I I 

I Healing A \ iiililaling ( o Iiir 1 )1K N Olti S| S| 

' 1 OUIB b Mo 

1 II lildiiini A ( 71 f In I i st Bn t.1 n 1 i N A 

I S (jypBiiiii C n UK) AN AdiiiiN St ( Im j.^ i (i Ill 

I I nlim Still Proiluils ( o 44H Pun Si \lhiiiii 

I Mlih , I 

I mil d stii I A AN II C It ii 1 1 I i I Mil 

I United Wilding Div In Mini Midiii Lr> L orp 545 N 
4rl SI Jluriiillon D 

NN ill NAin ISuilmIs I I Uii nil Mi I 


HAIR I I I I iSiL Ml I ulsii INSL 1 Al ION IIAIR 


heat-x 


Soda Fountain Coolers • Water Coolers 
Beer Coolers * Heat Interchangers 
Refrigeration Condensers 
Longitudinal Finned Tubing 
Special Heat Transfer Equipment 


the HEBT-X-CHnnCER ( 0 ., ini. 


IREWSTER _;i W YORK 
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Refrigeration Classified 


HANGERS 

HEAT EXCHANGERS 121 


HANGERS, PIPE (Soe also CLAMPS, PIPE) 

Mlaiitic Steel Co., P.O. Box 1714, Atlanta 1, Ga. 

Tapitol Mfg. (t Supply (Ju., 153 W Fulton St., Columbufi. 

U. 

C'Licago Expanaion Bolt Co., 1.3,38 W Concord Plane, Clii- 

cogii Tl, III. 

t^ranc Cii., 836 Michigan Ave., Chicago 5, Ill. 

(p 1 <>■'*) 

Frkk t^o., Wuyneaborii, Pa. {p "il) 

llrablcr Mfg. I'o., 115155 Broadway, Cleveland 5, t). 
Cruineli Co., Iiie., 2(i0 W. Exchange St., Priividenne I, 
R 1 

Mmerallar Elec, Co., 25 N. Peonp St., Cliicugo 7, III 
tiniidloe E. Moore Co., 2811 \ ermilioii, Uiinville, 111 
Northern Indiana BruBR t<o., ,^3.5 Plum St., Elkhart, Ind 
Paine ('o., 2!I51 Carroll Ave., Chicago 12, 111. 

M. H iSkiiirier & Cn , South Bcml 23, ind 
E II 'rilcheiiiT it Co . 71) I'lint on St , Miiighaiuton. N ^ 
Walworth Co., GO E. 42nd St , N.Y C 17 


Kasoii Hardware Corp., 127 AA'allabout St , Brooklyn fi, 
N.Y. 

TCoch Butrliprs’ Supply t'o., 1500 E. 14tli .\ve.. N KmiAaB 
f'lly ll’i, Mo. 

\alioii;il Lock Co , 7lh .Si. At ISlh Ave , Kockford, III 

Scnvili Mfg. Co., Dll Mill St., Wulerbury !M, Cl. 

\. E. Sprouse Cii . Ine , Columbus, Ind 
' Stalldiird-Keil Hardware Mfg. Co., Inn , ti3D Bnmdwiiv, 

I N.V.C 12 

I Stronghold Screw Products, Tin , 21G W. Ilubbarrl St., 
Chiragi) 10, III. 

Swift Mfg. Co., Inc , 1455 E. Nine Mile Kd , lla/.el Park, 
Mich. 

I'ow iiHeiiii Co . 2t)5 Ki\ir llil , New Brighli>,i, Pa 

E It Wtigni'r Mfg I o 40tll N .32tiil SI , MilwaiiKei , 

B ih 


llAHNESSKS, El rC'^'RlCAl. (See WIRING DE- 
MCES) 


HARDENING ROOMS (See ICE CREAM HARDEN¬ 
ING ROOMS) 


HARDWARE, COLD S'l URAGE DOOR 

Vicailc Mfg. IJiv., Rockwell Mfg. Co., 1212 I' Shawnee 
St., Freeport, 111. 

Hulcher Boy Cold Storage Door Co., 170 N. Sanga¬ 
mon SI., Cliieago 7, Ill. (p 4 i) 

I'haHi' luduMirial Refrigerator Eijuip A Eiigrg. Co., 1530 
llearling Bd.. Heading, Cin’ti. 15, t). 

< ork liiHiilii I ion Co , Inc , i55 C 41(li St., N.V.C 17 

(Jrarid liiipids Ilrass I'd , (lO Sciibiier Ave , tJrand Hap- 
iils, Mii-h 

l.irniHon ('nhl Storage Door Co , 1 higerstnwn, Md 

Ka^olJ Hardware C'orp,, 127 Wullabout SI., Bronklvn G, 

N.Y. 

Koch Bulclii'rs’ Supply ( o , GOO r>. 14th \ve., N Kansas 
('ity, M 0 . 

Mound Tool Co., 1203 S. 7lh St., St. Lmii« 4, Mo. 

I'olar Hardware f'o., lfi.31 S. Michigan Ave., CliieaRo IG, 

III. 

Heel or Mineral 7'radlng Corp., 16 E. 4.3ril Si., N.V.C. 
17 (p Hf>) 

\ E Sprinisc Co , Inc . Cnluinbus, Inrl 

SI anil,ird-K i'll Hardware Mlg. Co , Inc,, ()3'l Broadway, 
N VC 12 

Strealor Proilurts Corp., 50H N. Sth SL , Fairhchl, la. 

York Corp., York, Pa. (p > ') 


HEADS, TANK, etc. C^ee TANK HEADS) 


HEAT EXCHANGERS 

Acme In tiisiries, Inc., Mechanic & tianson Sla., 
Jackson, Mich. (ji. 11) 

Acrofin Corp., 410 (ledtles St., Syracuse, N.Y. (p 11\ 
Itnhaiil iM Arnisliung I'n , Mov Ihk, \\ t'hi“nlet i*,i 
Baker Refrigeration Corp., S. Wlnilliam, Me. 

(P. >..i) 

Bell & GoNHeti Co., Morton (jrove, III. ip 

Betz ('urp , 445 State SI., Htininionil, Ind 
niiiks Mfg. Co., .Il24-.i2 Carroll Ave , (Chicago Hi, 
III. ^ (/» ;.E 

Bohn AliirTiiiiuin A llrasn Corn , I'L Mauinci, Ailrnin, 
Midi. 

(’lierrj^^-Hurrell Corp, 427 VN . Hainloljjli SI , t'iiiragn (5, 

( ri'll/iniir’i /) 


SUPERIOR 


HARDWARE, REFRH;ERA10R | 

-Arcade Mfg. Div., Uockwdl Mfg. t'o , 1212 10 Sliawio'c 1 
St., J'rBPprirt, III. 

Chase liidustrinl llefrigeraLor J*kiuip A I'higrg. Cn., (531) 
Beailing Rd., Reading, t). 

Corbin Cabinet Co , Div of \ineiican Hardware ('orp , 

N ew Britain, ('1 

Cronaiiie, Inc .371)1 \ Havensw noil t'hicago It, III 
Dent Hardwaie L'o , 1102 .'Ini St , Fiillerloii Pa 
llranil RannlB Brass Cn , lit) MTibnei Ave , \ \V , CRand 
Hapicls 1, M irh . 

Kaaun HaiJware Corn , 127 \\ nllaboiit St , Hrooklyii (i. 
N.Y. 

Kiiape A Vogt Mfg. Co., Grand llapids 4. Mich. 

Ivoi'h HuIl-Iuth' Supply ( o , IjOO I'L 1*1 th \vo , N Kansas . 
City 1(5, Mo. 

Mound Tool f'o., 121)3 S. 71h St., St. Eouis 4, Mo, 

National Tiock Cn , 7lh St A Ihtli Avr , Hoikforil 111 ' 

A'. I'l Siirouse Co , liir , Coluinbus, I/nl | 

SLandaril-Kfcil Iliirilwurc Mfg. Co., Ini;., G.31) Bruailway, i 
N.'A C. 12 

Strealor Prodncls Corp , 4()S N. Dejjot St , I'airhelil la j 

Hardware SPECIAL'EIE.S iSee alsn cenaln spe- I 
cl He ll ems) 

Ireade Mfg. Div., Hnrkwell Mfg. l'o., 1212 E. Sliawni't 
SL., Frecporl, III 

Cnmanic, Tiic., 370] N. Bavciiswoud, Chirago 13, 111 
Fox Go., Fox T.aiie, Ciirti. 2.3, f). 

E. F. Grammes A Sons, Inc., 355 Fiiion SL, Allcnlnw ii, 
Pa. I 

Grand Hanids Brass Co , I5t) Scribner Avl , N.W , Grand I 
Kapidfi 1. Midi. I 


“Hy-K” ECONOMIZERS 



•> 

\ "Hy-K” EcDnomizEr-Accumulfllori 

2 arc equally luited for uie In high, 

medium or low tempErsture lyi- 
V’’. terns. The eMtremcly high hcal- 

Ti transfer characteristics coupled with 

T negligible pressure drop and sturdy 

construction make it one of the 
^ outstanding heat cichangers in the 

industry today. Write today lor 
further details or a copy of our 

Catalog R-4. 

• e 

SUPERIOR 

I valve & ^rh'ngs co. 

1309 W. Liberly Ave, Pittsburgh 26, Po. 



J' 

S' 


I 


1 
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Refrigeration Classified 


HLA'r KXfJIANfiERS (t:iinHiiue(i) 

Crenmcry Package Mfg. Co., 1243 W. Washington 
Blvd., Chicago 7. Ill. (p. U'-f) 

H.'iviB CriKre. C^irp., Il)fi4 E. f iriincl Si.., ICIiziiUhth 4, N.J. 
Dean Products, Inr., 1042 Dean St., Bniuklyn Ifi, 
N.Y. (p. 

Dull! lierriKeriitiiiK Cu., fiHUJ N. Pulunki Itil., rHiicagu 30, 
111 . 

Doyle & Roth Mfg. Cii., Font 23rd St., Brooklyn 32, 

N.Y. ip. an 

DnivLT-Hiin8f)n, liic., 3301 Medford Si., Loh AorcIcb 33, 

Cal 

EaBtLTO JiirJuMlrii'H, Irit;., Elm Si., New IIhvcji, Ci, 
Fluor Corn., Jjid., SflOO S. Atlantic Hlvd., Eos AiigclcH 22, 
Cal. 

FoBter Wheeler Corp., IGS Rroadway, N.Y.C. 

I'nuikliii H(jilv it l']i|iiip. f'tjrj)., 1042 Draii Si., Urotiklyii 
111, N.Y".' 

Frick Co., Waynesboro, Pa. (p. /l/j 

Cuy Eiigrg. Co., 2730 E. lltli Si., T.na AngeltB 2.3. ('iil. 
Ci'ihtilI I'dccIriL- (In., 1 llivi-r lirl., iSi-lienn-.iady 5, N.\'. 
Ileul-X-Chaiiger Co., Inc., Brewster, N.Y. (p. laHn 

Imperial BrasH Mfg. (]n., .‘>37 S. Racine Ave., Chicago 
7, 111. (p. Ji>7) 

Kelvlniilor DIv., Nash-Kelvlnat or Corp., 14250 
Plymouth RiJ., Dctroll, Mich. (p. 21) 

Eeiniinri' Miirliini* I’nuliirlB, Inc.. l.Y Depew Ave , Eyoiie. 
N.V. 

KirHch (In., SliirgiH, Midi. (11 ydrogi'ii lirizerl) 

Kolilenherger ICiigrg. Corp., KiUO W. Common¬ 
wealth, I'ullertiui, Cul. Ip. %") 

Kuld-liolil Mfg. f]ii., (lO.l E. II'<i7.el S|., Lansing 4, 
Mich. Ip. lO’^i) 

krumer-'lYLMiton Co., DIden & Vtreuning Aves., 
'I'reiiloii .S, N..I. Ip m.'t) 

Larkin Colls, 519 Memorial Dr , S.F., Atlanta 1, C«a. 

(p. 4n 

T<diigli Fan it Mlnwcr (Y.. 12H Eimlcii .Si., Allenlowii. 
I’a. 

EuoiniuB (Y)., 420 Iioxiiigl on Av'c., N.Y.C. 

Marley Co., Inc., 3001 I'airfax Rd., Kansas (!!ily 15, 
Kan. IP- 7i'>) 

Miifdler HrfiBfi (Y)., Port IJiiron, Midi 
Niagara Blower Co., 405 Lexington Ave., N.Y.C. 17 

ip. !>7) 

Nuotur l ^irp,. M2(i S. 2iid St., St. T-nuifi 4. Mo. 

Putterson-Kelley (hi., Inc., E. Stroudsburg, Pa. 

( p. n'' ) 

II. A. Phillips Ml Co., 32.55 W. L:arroll Ave., Chicago 
24, 111. Ip- 14-7) 

.1. 1’'. Prill-hard Mi Co., 9(IH (Yaiul Ave., Kansa-s 
City fi, Mil. ip. 72) 

llefrlgerallon Economic.s (ai., Inc., 1231 E. 'Eus- 
carawas .Si., Canton 4, D. ip. 1P7) 

Remco, Inc., /.elleiiople. Pa. (p. Sii) 

Edw. Ili'iiiidiiirg iV SuiiH Co., 2li3!l nii.vlnn Si., Ihiliiniori* 
24, MJ. 

Riimc-Turney Radiator Co., Rome, N.Y. {p. /P i) 
ItoHH lleiiLer lA Mfg. (>n.. Div. of Aiiierii’an Haiiiitor it 
iStiiiulnrd Sjiuitary Corp., Uuffnln 13, N.Y. 

Si. Louis lllnw I’iiir it lliviter Co., liir,., Div. nf Skinner 
■ Jli'iiliiiK it X'riililaiing Co., Lie., UI4S N. IHli Si., Si. 
liouis 11, Mo. 

H. K. Slurlevani Div., Westinghiiuse I'.lec. Corp., 101 
Readvllle St., Boston .Ri, Mass. (p. 2.i) 

Siiprr-Colil Cnrp., 10211 IL rilMli SI., Lns .\iiirt‘li*H, C;il. 
.Superior Valve Mi Fittings tio., 1509 W. l.Iherty Ave., 
Pittsburgh 26, Pa. (p. 121) 

'I'emprile Prii(lui-|.s Corp., E. Maple Hd., Ilirmiiig- 
ham, Mich. ip. S.'M 

'I'rane Co., La Crosse, Wls. (p. / /•S') 

Vllter Mfg. Co., 2224 S. 1st St., Milwaukee 7, Wls. 

(p. .i.^) 

\ olainr Div.. (linller Corii., Louisville 1, Kv. (Meeliiini- 
eiil) 

\N almsli Mfg. Co., 2.31)0 S. M'eBterii .Yve., Chie-agi) K, Ill. 
Wliilloek Mfg, Co., SI SouHi Si., Ilarlfuril 10. 13. 
Wiltennu'ier Marhinery Co., S50 N Spaulding Ave., Chi- 
eago 51, Ill. 

Worthington Pump Mi Machinery Corp., Harrison, 
N.J (p. /44' 

York I'.orp., York, Pa. (p. ,/ 2 ) 

Young Raillatur Co., Racine, Wls. (p. 77) 


HEAT EXCIIANCKR TEES 

Mudli-r Mriisfi (Jo,. 1!)2.5 Lnpeer .Avi-.. Pori llurun. Midi. 


i 

IIEAI’ PUMPS (See CONDENSING UNITS) 

HEAT TREATINC; 

Aihinile Siecl Co., P.O. Flox 1714, Ailania 1, Ga. 

.Atlas Drop Forge Co., 20!) W. Mt. Hope Ave., Lansing 2, 
Mich. 

I.. (.). Koven it Brother, Inn., L'»4 Ogden Ave., .JcrBcy City 
7. N.J. 

i l*Hulo Pmdiu-iB (io., .YTll W. Park .Ave., St. IjouiB 10. Mo 


HEATERS, & HEATINC KEEMENTS, ELECTRIC 

American Instrument Co., 8010 Ge.orgia Ave., iSilver 
Spring, Md. 

tJ'lrhoriindiiin f*o., l\(j. Box .3.37, Niagara FiiIIb. N.^'. 
Colloid Equip. Co., Ine., .50 ( hiirrh St., N.Y.C. 7 
rjuiler-TLiiiimcr, Inc., 315 N. 12th Si., Milwaukee 1, VVis. 
IClecIrie Healer (Yj., Woudend ltd., Htr.atford, (.3,. 
Eleeiromode Corp,, 4,5 Croueh Si., Itoehesier 3, N.V. 

I Faleon Enuip. Co., L3tii St., New Brighton, Pa. 
i General Elec, ('o., 1 River ltd., iSehenectady .5, N.Y". 
j Wesix Elec. Heater Co., 300-lBt St., Ran Friiiiciseo -5, f.lal. 
I WestinghoiiBe FJlec. Corp., Meadville, Pa. 
j WestinghiniNe I'ilei;. Corp., P.l). Itnx 734K, S. Pliilii- 
! delphia 1, I'a. 

' Edwin L. YYdegand Co., 7.50(i Thomas BlvrL, Pittshurgh H. 
i Pa. 


i HEATERS. AIR. C;AS FIRED 

j .Ar-ine Efiuip. Co., 20.5 E. Broadway, Muskogee, Okla. 

' Bryant Heater Co., 17825 Si. Clair Ave., Cleveland 10, 1). 
' Cenlral State.s Mfg. I'o., liie., 1200 S. Suiiimil, Ai- 
I kaiisas Cily. Kan. 

I 'I'rane Co., 1.11 Iirosse, Wis. f/i. //M 


HEATINC COILS (See AIR CONDEl'IDNINi; COILS 


HERMETIC COMPRESSORS (See CONDENSINti 
UNITS) 


HERMETIC HOUSINfiS 


Ai'kllii Stamping Co., 1929 Nebraska Ave., J'oledo 7, 

o. ip. / ■;>) 

Blis-sfield Mfg. Co , (i2(i Drpol Si., Blissfii.dd, .Mich. 

HERMETIC REFRIGERATING SYSTEMS 

Tei'um.seh Products Co., Tecuniseh, Mich. (p. fi/) 
'I’rane Co., La Crosse, Whs. (p. //•“'’) 

Ydirk (iorp., York, Pa. (j). '2) 


HERMETIC I'ERMINALS (See TERMINALS, HEH- 
MK'I’IC) 


HIGHSIDE ELOA I'S (See also FLOAT SWITCHES) 
(A^—Ammonia; B—Uther refrigerants) 

(A,B) AIcd Valve Cii., 855 Kliigslantl Ave., Si. Louis 
5, Mn. (p. .V.'O 

(B) Amlncn Refrigeration Products Co., ]4544-3rd 
Ave., Detroit 3, Mich. (p. 

(A,B) Armstrong Machine Wks., 831 Maple St., 
Three Rivers, Mich. (p. 

('riih-r (hicp,, 22111 Norlhlanrl. Lakewooil, I). 

(A,B) Frick lYi., Waynesboro, Pa. (p. 7/) 

Kelvlnator Div., Nash-Kelvinatur (hirp., 14250 
Plymouth Rd., Detroll, Mich. ip. 21) 

(A,B) Magnctrol, Inr., 2110 S. MarHliall Blvd., Chicago 
23, Ill. 

(A,B) 11. A. Phillips & Co., 3255 W. Carroll Ave., Chl- 
cagu 24, III. (p. I47i) 

Teniprlte Products (hirp., K. Maple Rd., Birming¬ 
ham, Mich. (p. HP) 

(A.B) Vllter Mfg. Co.. 2224 S. Isi St., Milwaukee 7, 
Wls. ip. .iS) 

Wabash Mfg. (.hi,, 2300 S. Wc.slcrn Ave., ('hirago 8, III. 
(A) Worthington Pump fii Machinery Corp., Harri¬ 
son, N.J. (p. 144) 

(A.B) York Corp., York, Pa. (p. .72) 





Refrigeration Classified 


HINGES, REFRIGERATOR (Si-e HARDWARE) 


HOISTS (See CRANES) 


HOME & FARM FREEZERS; FROZEN FOOD CAB¬ 
INETS (Sbb alHU DISPLAY CASES, FROZEN 
FOOD) 

Aiiiii .1111 Ri-rrijeiTMlioii, Inr-.. AiiiMim, In. 

AnuTir.iiii Ri^frijtLTntioii IDlili K. E\i‘i‘lninr Avi-.. 

Minn. 

Arlkrafi MIr. Corp., Kihby St. A n.T.AI.R.R., Lima, 0. 

XiiR. LJ. Rjirknw MIr. (’n., S. 4Mri] Si., Mil« iiiikri', 

WiH. 

Men-Hur MIr. Cd.. G.I-I E. Ke.pJe .Avp., Milwaukpi* 12, VVis. 
-'I'iti'lii'nrr t'lirp., MinRlinni])lnn. N.V. 

Carrier Corp., 302 S. Geddes St., Syracuse I, N.V. 

(7’, - •>) 

[’ooleralor Co., .'lO Ave VV., niul Wadena S(., Dulutb 1, 
Minn. 

(’rjmdal-Sl 1 ) 111 ! Ilrnvvi'i-'ril l•lIL■lll■r CuiJ)., .‘k'tli Courl 

St., IliiiRljaiiitnn, 

l.’rnfiley Div., Aven (.^irp., Ciii’ti, 2f), (). 

OuBH Refrigerator Co., Ine., 50-1 VV. Main St., laouisville 
Ky. 

IJeepfri^eze Div., Motor Trodiiets C'orp , 2301 Davie St.. 
N. Chicago, III. 

I.Ji‘lawiiri! Refrigeralioii (3)., H,'^4 N. (itii ,St., Phil.’)., 23, Pa. 

I'iHeu Cabinet Co., West CheHter, Pn. 

Ev}U) 8 MIg. Corp., 4li0 S. lOlli .Vve., Ml. Vernon, N.V. 

FogeJ Refrigerator Co,, niOU Eadoin St., Pliila. 37. Pa. 

Franklin 'rranslorrner Co., 05-221111., N.J'J., MinoeapoliB 
18, Minn. 

Ed IViedrieli ,Sales Corp.. 1117 1'^ I onnniTn' SL, Son 
Antonio 3, Te\. 

Frliildalre Dlv., G'pn’l. Motors Corp., Dayton I. O. 

(p. /;) 

Cr*neral Elec.. C.’o., 1285 PoHl.on ,\ve., Ilridgeporl 2, C-t. 

Dihson Hclrigerator Co., 515 W. Williariis St., Green villi!, 
Mich. 

Harder Refrigerator Corp., Div. of Tyler Fixture t'orji., 
Cebleftkill, N.V. 

.lolin Iliirrel it Sons (.!o., 244 Lear St., (ajluiiihiis H, (). 

Hulversnii Co., 2f)!l 10. liake St., Miiini!a]i[)liH 3, Minn. 

Hotpoiiit, Inc., 5(i()() VV. Taylor St., C3iieago 11, 111. 

llup|» fOorp., 1250 VV'. 7()tli ist., Clevelarul 2. 1). 

Ilussmann Hefrlilcratlun, Inc., 2401 N. LeffirtHwell. 
St. Louis b, Mo. (p S.-i) 

Ideal Cooler Corp., 2053 Ijaston Ave., St. TiOuis 0. Mo. 

IfiliTtifititmal Ilarvi-Hter Co., 180 N. Mieliigaii Ave, Chi- 
CiLgO 1, Ill. 

.l(inloii RcfiigiTal III- I 'u.. ,5,Slli Si. A lli’ayN -Vve.. Phila- 
delpliia -l.'t, I’a. 

Kclvlnator Dlv., Nash-K elvliiatiir Corp., 142511 
Plyniiiuih Rd., Detroit Mirh. (p. -Vj 

■lark Eaiigstim ( 'o., 371)3 Elm SI... Dalla.s, 'Pex. 

Jaronard Fliv., Nush-Kelvinator C'orp, 14250 Plynioulli 
Rd., Detroit .32, Mii;li. 

McCall ilefrigcrntor Carp., Hudson, N.Y. 

McOay Refrigerator Co., Kendallvillr, Iiul. 

Master-Rilt Riflrigeration Mfg. Co., 020 Palm St., St. 
Imuis 7, Mij. 

Mast erf reeze Corp., Sister Ray, VV'is. 

National Refrigerators Co., 827 Koeln Ave., St. I.ouis 11, 
Mo. 

Nelaon Mfg. Co., 4010 N. Union Si. ,.St. 15, Mo. 

.1. P. Preifl’er A Son. Iiii-., 2IM) X. Pai-a Si., Ral liinon- 1. 
Md 

I’hilce Corp., Tioga A C Sts., Phila. 34, Pa. 

Port.iible Elevator Mfg. t’o., 020 E. (jrove St., Mlonming- 
ton, 111. 

Rev^eo, Inc.. Deerfield, Midi. 

Sanitary Refrigerator Co.. Fond du Lac, VVis. 

Schaefer, Inc., 801 W'^ashingtou Ave., N., Miiineapulia 1, 
Minn. 

C. Schmidt Co., ,Iohn A Ijivingsion Sts,, Cin'ti. 14, 0. 

SchwBiiger-Kleiii, Inc., 720 Rolivar Rd., I'leveland, O. 

Seeger Refrigerator Co., 850 Arcade St., St. Paul II, Minn. 

Simplex Mfg. Cg., 113,5-3r(J St., Oakland 20. Cal. 

Emil Stfeinliorst A Snns, Inc.. 012 South ,St., Ulii:a 3, N.Y. 

Stoddard Mfg. Co.. G17-4th St., S.VV., Mason City, In. 

Super-Cold Corp., 1020 IC. 501h St., Los Angeles 1, f>il. 

Ciiited Refrigi'rat.or Co.. Hudson, V^ is. 

V'ictor Produi'ts Corp., 901 Pope .Ave., Hagerstown. Md. 

WaiTGii Co., Inn., P.O. Ro.x 1430, Atlanta 1, Ga. 

Weber Showcase & Fixture Co., Ine., P.l). Rox 2018, Los 
Angeles 54. Cjil. 


HINGES 

HUMIDIFIERS 123 


I VVeStinghnuse Elec. Corp., 053 Page Rlvd., Springfield 2, 
Muss. 

I VV'^ilaon Refrigeratinn, liic., Div. of Wilson Caliiiiet Co., 
i Inc.. Smyrna, Del. 

I Voder Corp.. 133 VV. KOth St.. Clevelaiid 2. 0. 
j York Ciirp., York, Pa. (p. •.') 

I HOOKS (See HARDWARE SPECIALTIES) 


HOSE. FLEXIBLE METAL (See also CHARGING 
I LINES; also FLEXIBLE C.DNNEC I IONS; alaii 
TDHING, FLEXIBLE) 

j Aeroijuip Corp , 300 S. Finst Ave., .lacksLui, Mirh. 

I Allii-il M(‘tal llo»i‘, 37-Ui Udi ,SI., Lni'.g Islainl Cily, N.V'. 
i American HrasN Co.. Wuforbury 83, Ct. I'/i. tSU) 

\ Atlantic Metnl Hose Co., Inc., 124 W. Ii4th St., N.Y.I'. 23 
! Chicago Metal Hose Corp., Alaywnod, Ill, 
i Clidonl Mfg Co. Grovi',Si., VValtlijun, Mass. 

Doll' Rrlrigrraliiig Co. ,5(1111 N. Pulaski Rd., Cliiiago 

;{() III 

Eclipse Aviation Meta’ Hose Dept., Div. of Remlix Avia¬ 
tion Corn., Phila. 44, Pa. 

I'X'erhiit Prorlurts C'o., 2IH)1 t'arroll Ave., Chicago 12, III 
j Fh'xiblo Tubing Cuirp.. Ni w Wliillirlil Si., Giiilfoid, Cl. 
Goodyear I'm; A Rubbi*)- Co., 1144 E. Markrd. St., Akron 
ifl, o. 

.IdIiiihoii M 'lal llosi < 'o., 22li Mill SI., W'ati'ilmiy SH, Ct. 
! I‘:)ekli‘ss Mrljil Proilurls Corp,, 31 Winlhrop Avr , 
N’rw Riidirllr, N.V. 

. Resistollrx Corp., 3!) Plaiisoen St., Relleville 9, N..I. 
j Seiiinlex ( Ui., Inr., 4123-241 h ,SL., Einig IhIiiiiiI City 1, N.V. 
'J’itcilex, Inc., 5IK) l''rt.lingbuyB)‘n Avi ., Nrwark 5, N,.l. 
I'nivrrsal .Vlrtul lIosi' l ‘i>..2125S, Krd/.ii' Avi-,, I'liii-iign, 

I 111 . 


I HOSE, RADIA I'DR, WA'I ER, AIR, m . 

! Rosliiii Woven llnsi- A ItiihlnT, I’.l), I1 n\ 11)71, llohlun;!, 
I Mass. 

1 H. N. (-ook Rrlting (3)., 4(.)1 Howaril SI., Sun Fraiiriism 5, 

I Cal. 

DcV'iibisa V.o., 309 Phillips Ave., Tolf:ilo 1,0. 

Everliot J^nnliicts ( 'o., 2001 Carroll .Avr,, ('liii-ago 12, 111. 
Filter Pap(!r Co., 2459 S. Mii'liigiin .Avi’.. Cliirugn Hi, HI. 
F'irpstoiiK industrial Proflui'ts Cl)., 121K) J''irrHlnin! 1‘kw.v., 

; Akron 17, O. 

' I'lexibl)- 'railing Corp.. New Wliillirlil SI., Guilford. Cl. 

I CiatfiB Rubber Co., 999 S. llrnridway, Denver 17, Colo. 

R. F. Goodrirli Co., 599 S. Main St., Akron, D. 

Goodyear Tire A Riihbi*r l-ri., 1141 E. Market St., Akron 
Hi, (). _ 

I lli-will-Robins, Inr.,, 249 Ki'iisingl on Avf'., MuriiLlo .'i, 
N.V. 

i Huilnoii Products Co., Inc., 4199 St. Aulnn, Di'truit 7, 
Midi. 

Ni-w Vork Ri’lliiig A Harking Co., 1 Market ,SI., PitHsair. 
N..f. 

( Quaker Ruhher Corp., Tacnny A Coinly Sts., I’hila, 21, 

i Rayhestos-Miinhatlan, Inc., lil W illett ,St., Passaic, N.J. 
i Thi*rnioid hiu., 'rrenton, N..I. 

i I'. ,S. Iliibber Co., 1239 Ave. of Hie Americas, N.Y.C. 20 


HOSE CI.AMPS (See FEI'I INGS, HOSE) 


HUMIDIFIERS & HUMIDIFYING SYSTEMS (See 
I also SPRAY HUMIDIFIERS) 

I Abbeon Supply Go., 58-IU-4lBt Drive, W'oodside, N.V'.C. 

: Air A Refrigeration Corp., 476-5th Ave., N.YCC. 17 
j .American Rlower Corp., Div. of American Uudiutor A 
I Standaril Sanitary Corp., 8111 Tireman Ave., De- 

I troit .32. Mich. 

I American Coils Co., 25 Ticxiiigton St., Newark 5, N..J. 
j American Instrument Co., 8010 Georgia Ave,, Silver 
I Spring, Md. 

j .AiiieriruTi Moisii.'iiirig Co., Div. of Griniii’ll Corp., 2(ilJ 
W. JCxeliange .St., Providirnre 1, R.J. 

Anetsberger Rros., Nortblirook, 111. 

Armstrong Machine Wks., B31 Maple Si., Three 
' RiverN, Mich. ip, 

' Raknson Co., 1001 S. Marsball St., W'insLon-Snlcm 7, 
N.C. 

; Biliks Mfg. Cu., 3124-32 Carroll Ave., f:hlcBgn lb. 111. 

I (/>. 78) 

j (Cf/iititiurfJ) 




HUMIDIFIERS 
124 ICE CREAM CABINETS 


Refrigeration Classified 


HlJMiniFIER.S (Ciinrlnueil) 

llitwHiT Tim-IiihcilI Ur-friKfriitioii, Div of ItowHrr, liii- . 
'IV’rrvvilIf, I't 

Carrier Corn., 302 S. Geddes St., SyracuHc 1, N.Y. 

(P. 

CInrAgc Fan Co., Pori[‘r St., KalEimazoo IG, Mirh. 

Drying SystcmB, Iiic., 18104 Fonicr Avr., ('liicago 40, HI. 
Farr Co., 201.^ Southwest Dr., Lob Angi'Iea. Ciil. 
flay ICngrg. Co., 27.'10 Ij], 11th St., Lob Ajigi’lc's 2.'L Cal 
(i'rinrit‘11 Co., Iiir., 200 W. LxfhjingL' SI , J’rtiMtlenri* 1, 

R.I. 

K.'iufTiiuin .Air Cimdilinning (‘nrii , l.l.lii \N I'lin MKil . 
SI liDUlH, Mi» 

M1-1 )oriiii>]l it ISliiliT, Inr* , .'i.A(M) \ Sji ujIiIimk \vi , 
(Miinigii 18, ill 

Maid-O'-Miat, Inc., .3217 N. ruliinki Ril , ChicaKo 41, HI 
Marley Cu., Inr., 3IMI1 l''ulrf-ax UJ., Kansas City 15, 
Kan. i/< I >) 

1). ,T. Murray Mfg. Cn . lOJl .3nl SI , Wiiiim.'iu VV is 
N ational Air ('orKlitinning, Inr' , .JnhiiBl uwn, Pa 
Nationul Kiigrg iV Mfg Wyiirii|r)tl i*. Kansas I 'ily 

H, Md. 

PaiiHclii' Airlirusli I'n , I'KIH l)i\riHi‘V l’kvv\ f'lm ign 
14. HI 

Parka-Oaincr Co., Hox 411, FilrliburK, Mass 
Fred D. PfeniiiK Co., 107.'i W. /illi Avi‘., CnluiiilniH K, I) 
lUiode IbIhiiiI Jlumidiher lV; Veil I ilatirig Co , 'I'l ('haiiiii'i\v 
St., HoBtoii 11, Milhb. 

St. liOuiH HInw Pipe ik llL'iilor Co., Inr., l)iv of .Skinnei 
IIi-aliiiK At VmIilul hik Co., Inr., IIN.8 N 'Ml, SI., Si. 
Lijuib 0, Mo. 

II. .1. iSiiiiiiTB, Irii-., fiOO.'l "NA’ahaHli Avr , Drlunl h, Miih 
Spray I'aigrg Cn , 114 I I'ntral ,S1 Snini*i\illi Ct M.iss 
Spraying Sysl i‘inH Cn , 32(Ji iiaiiilnljili SI , Mi llw noil, I 'lii- 
ragn, III 

B. F. Sturlevant Div. Westinghouse LIcc. Corp., 
101 Rradvlllu St., Huslun .PI, Mass. (p ‘.i) 

Supreme Fli*e. I’roiiurls Co.. 1!N \ aHHiir SI . llniheHler 7 
N.Y. 

Surface ConibuBlion Corp 2 IT.'t Cnri SI Pnlctln 1,1) 
'I'echtmaii IiiduBtneB, 714 W V\ lacnnHin Avi* , MilwniKei 

I, WiH. 

Trane Cn., La Crussi', Wls. i/i J/^i 

II. S. Air Cnndlllnnliitt Corn., I.niiin Ave., .S.L., at 
3.3ril, Mliinea|inllH 14, Ip ,i,'\ 

Viking Air ConiliUiiniiig Corp , r»f>llf) \\ulv\orlli Avi , 
l/lcvolaiid 2, O. 

Wiillnii I.ahnriil 111 ii's, Ini- , IIMii [ n n\ i .'^1 , liMiiglmi II 

N .1 

Water Cooling Corp., 71 NaBisau Si., N.A' C. 7 
Stanley Wcrlheim & Son, .AKUI-IIhI Di., \\oodniili*. 
N'.Y.C. 

York Cnrp., York, Pu. (p 


IIUMIIHSTATS (Sec CON'I'ROLS, lIUMIDriY) 


HYDKUGEN 

Air HiHliietion SaloH Co . GO 1C J2iiil Sf . \.V C. 17 
1.1 hlie Air ProdIII-IB Cn , Tbiil uf Uninii I 'iirhiile A 1 'ailniii 
Cnrp . 30 10. 42iiil Si., N A L', i7 


i Crandal-Stnne Div., Hrewer-TitcliPiier Curp., 33(i Court 
I St . Hingliarrilcm, N A'. 

FvniiH Mfg Corp., 400 S. lOlli Ave . Ml.. A’lTnnn, N A". 

I Fi'der.il HefrigiTiiI nr Mfg Cn , .A.'iO ICIi/,:il)i'lh St . Wau 
I kesliu, \\ O' 

I Fopi-I Hftrigi-ratnr Cn .5401) Ladntn SI , Plnki . Pa 

Frljfldalre Div., Gcn’l. Moturs Corp., Dayton 1, (). 

(P. /,) 

C \ Hill iV- 1 n Ini ,300 Pi'iiiiiiiKtnn Avi 'Iiriilnn I 

N .1 

.Inrdnii Ilefiigi'r.it ni I n, ,58ili A Cr.'iyH .‘^la , Pliil.nli‘1 
pliia S, Pa 

Kclvinafnr Div., Nash-Kelvlnalur Cnrp., 142.511 
Plyninuth Uil., Dctrnit, Mli'h. vp. Jh 

Slaiiliv Kiiiglil I'nrp , 3130 N. J’uliiNki Hil , Clmagti 41 
Ml 

Liijuid Carbonic Corp , 3100 S. Kedzie Ave., I'linagn 2.t, 
Ill. 

Mayaleid PrniliiclH, Ini' , 740 N. Plaiikiiil on A\ i' , Mil 
waiikee 3, \N la. 

Mills Indu.stric8, Inc., 4100 W. Fullertnii Ave., Chi- 
caftn 39, 111. fp >'fj 

Nelson Mlg. Cn , 4011) N. IJninn St , St Louib L5, Mo 

iViiiico, Inc , 201 N Mroad St., Pliila. 7, T*u 
. Iterngi'ialinii Cnrp of Viiierii'.i, iJiv of Lniicrgaii Mfir 
Cn , Mbinii, Mull. 

I Sav.'ige \rni8 Corp , 311 Turner St., Ctica 1. N A" 

1 Schaefer, Inc., 801 V\aaluiigtun .\ve., N., Miimeiijjnlih J, 
Minn. 

Swedi'ii hrei'/er .Mfg to .{till 17lli \vi , A\ Si.iMli 'I'l, 
V\ a nil. 

I'imerv 3 lininpHtm Macbini* A Supply Co, I'il'i lnwr(i»tl 
.Ave.N.A C .02 

riilhill Pump I'll G.{'l C 'I.OIIi SI CInc.igri i'l. III 

\ ii'l nr Prnilui IM ('ni p 11 igi ial n\\ n , M il 

W ebiT Show cast A Fivluu (’n , lin- . P.D Mnx 2()lS, Loh 

I .Angi'li'H .51,1 'al 


I ICE CHI.VM FBI KAI RS 

I M.'iHtinii-MlcfisinK Cn , 1201 W PelirBon Ave , CliiraKn40, 
HI 

Clicrry-Hurrell Corp, 127 W. K.'Lnrlolpli , Chirago fi 
I III. 

Creamery Pnekniile Mfil. Co , 124.1 W. Wnshhi(>lnn 
I Dlvd., Clilcaf>o 7, Ill. Ip 

L\ .me Mig Cnrp , 4h0 h lOl li \ \ i Ml \ i i nun N A 
I \ Hill A’ I n , thil Pi'iiningi nil Nve Iriiitnii \ I 
Miiywleel J*i<iilnetH, liie 710 \ Pkirikinlon Ave, .Mil 
vvauki B 3, V\ IB 

Mlll.s liuiuslrie.s, Inc., 4100 W. Fullcrlnn .Ave., Chi- 
cagn .19, Ill. (/I I -i/ 

I Sweden Free/ei Mfg I'n ,,1101 1711i V' e , W SimIIIi 'I'l 
Wash 

' 'rckni-Craft, Hncktnii, HI 

j F.ii.rrv ThoinpBoii Maeliiiic A Supply f'n , 134') Inwnnd 
, Ave.. N.A' C. .52 

I I ulliill J’uiiip Cn , !) I!) K !).5lh St . t'liic.'ign 1!), Ill 
I Antalor Div , LJiriller I'nrp , I.riuiBville I, K\. 

\A ilsnii Mefniri lalmil Iiu >inviii,i I )i I 


ICE CANS 

Frick Co.. Wayncsburi), Pa. fp >1) 

Kiiickerbiii'ker Staiiipiiig Cn . J’arkersburg, W \'ii 
,Inh A MaHneelli. A Cn . 22!) N Ulli St . Pliiliiih Iplii.i 
7, Pa 

MayHlei‘1 Proihn'lH, Inc,, 740 \. I’lankmlim Avi*. Mil¬ 
waukee 3, W IB 

Hern PriMlucls Div , 11 1 'friKeratinii l^iigrg I'nrp , 2020 
Naudain St , Pliila. 41i, P:i 

Worthington Pump & Machinery Cnrp., Ilarrisiin, 
N.J. (?»./4H 

York Corp., York, Pa. (p. .'i/) 


ICE CREAM CAUINE'lS 

.\cB Cabinet Corp., Now HtMiford, Mbbh, 

Vniencaii llefrigcratinn Cnrp, 1025 1) KmiIbihi Vm , 
IlnpkiiiB, Minn 

ViiheuBcr HubcIi, liic., Olb k Wyoming, St. Loiiifl, Mo 
Haatinn-HleBBing Cn., 4201 AA . Peterann Ava., Chinigo 40. 

III. 

Hrew er-TilrheiiIT Cnrp . Minglianil mi, \ A . 


k:i: cream hardening cadinkt.s 

HaHtiaii-HleBBing Cn , 4201 W. Peterson Ave , Cliicagn 10 
111. 

ItievMi 3'itili(iiei (‘nrp . Miiighaintnii X A 
LvaiiHMfg Corp . 4l>0 S. loth Ave., Mt A'einrm, N A' 
I'l'dernl Metriger:itnr M Ig Cn , .5.50 l^li/iibeth SI , AA lu 
ki'Hh i AAm 

llolvrrHon Co , 20!) F. T.iiike Si , Minneapolia 3, Mum. 
Mills Industries, Inc., 4100 W. Fullerton Ave., Chl- 
cailn 39. Ill. _ (p. .15) 

National HefrigpratorB Co., 827 KobIh Ave., St. Louib II, 
Afn (Sertional Conatruction) 

Nelaon Mfg. Cn , 401G N. Union SL., Si. TiOuiB 1.5, Mo 
It ecu PrnduclH Div , Itefrigeration Cngrg. Cnrp., 2020 
Naudain St , Pin la. 40, Pa. 

I .Srliaefer, Inr., 801 AA'aBbiiigton Ave., N , MumeapnliH I. 

Minn. 

SiipiT-Ciiltl Cnrp , 1020 1<] .5[ltli St,, I.,ob Argelea 1, Cal 
Swinlen Free/cr Mfg Co., 3401-I7th Ave AA , Seattle fl'i 
AVaah. 

I 1 ekni-Criifl ^ Moeklon, Ill 
j AA iIhoii llefrigiTatinii, Ttic., .smyniiv Del. 

York Cnrp., York, Pa. (/» - 


I 



Refrigeration Classiiied 


ICE CREAM HARDENING ROOMS 
ICE CUBE TRAYS 125 


ICE CREAM HARDENING ROOMS 

(iay EiigrR. Co., 2730 E. 11 th St., Loi Aiijsclea 23, Cal 
■IdIwi IliTrol & SiiiiB, 244 Ci ar St.. ( iihuiiluiH 0, >». 
KijiK f"n., !)02 N. ri‘(l:ir St., ()\v:i t nniia, Alimi. 

■ I.'ii-k T.iiiiKSion Cl)-, 3700 I'.lm SI., 1, 'I'cv. 

.foliii Mowai llt^friKiT.-ilDi-s, IHlill J'oIhihh St., Sjiii IVjiii- 
pietut 3, Cal, 

iNatioiial RefriK ora tors Co., 827 Kopln Avc., St, Lonia 11, 
Mo. (Sectional Coiistructinn) 
lleco ProtluptB Div., K(.‘fri(»i‘rn,Lii)n En^rn. Corp.. 2020 
Noiidailt SI.., Pliila. 4(i, Pa. 

Sliercr-Gillett Co., S. ivalaiiiazoo Avc., MarBlmll, Mich. 
Swwlpn FreezEr Mlg. Co., :M01-17tli .\vc., W., Sp;vtlh‘ liO, 
Wash. 

\\ ilpon Hpfripi’TJilmu, Ini-., lliv. of \\ ilHmi ( ':il>iii(M Co., 

Iiic., Smyrna, Di l. 

Worthliij>ton Pump & Marhiiicry Corp., llarriMin, 
N-J. Ij). /v-{l 

York CiOrp., Y'ork, Pa. (p_ , 

ICE CUBE CUITEHS 

1'KefriiziTal.ui- Mf^r- ('f' , l'3i/:ilii‘t li Si., \V:ni 

ki“.sli:i, Witt. 

I iif^onl-^^'nor^ Co., Mill ,SI., IIu.Imoii, N.N’. 

Jli'PO rrofluctB Div., lU'[riv:i‘ralinii Ihi^irK- Corji.. 2020 
Nauilain Si., Phila. 4li, I’a. 

'riiiTiiiii ('uhcr ( n., 1 UP , 2 I 20 . Soul lipurl A\ r.. I liii-Dpo 

14. III. 

ICE CUBE FREE/INf; LOWSFOES 
(.\—.\inmiinia; B—Olhpr rEfriHeraiil.si 

I Hi a uii>rii-:iii l{i'fripiT:it.ioii Corp., lOJo I]. li.xci'lHior 
\vi'.. Iloplviii.s, .Minn. 

(Ill Baker Ri'fri^pratioii Curp., S. Windham, Me. 

(/». c.h 

(H) IliMz Curp., 445 Static St., llaiiitiioiiil, Ind. 

iB) Bush Mfti- Cu., 179 South St., W. Hartford l«, 
Ct. (yi. .p)l 

fA,B) Carrier Corp., 392 S. (iEdde.s St., .Syracuse 1, 
N.Y. (/). 


(H) Frlglilalre Div., Gen’I. Motors Corp., Dayton I, 
O. (p. IT) 

(B) Kramer Trenton ih».. Olden & BreiinlnH Aves.. 

Trenton 5, N.J. (p, 

(A,B1 McOuav, Inc., IfiOO lirnadwuy, N.IC., Minneap¬ 
olis 13, Minn. (p. /.u.u) 

(.•\,ni Hpph FrodvuMs Div., llpfriyrnnilion ICnttry;. t'orp., 
2020 Naiulaiii .St., I’liila. 4li, Pii, 

I (A,111 RelrliieratlDn Eiigru., Iiit'., 7259 E. Sluusttn 
Ave., Ens Aii^eles, lial. lyi. J.'ifr 

! (hi Staiiiiiiril IhdriitiTal.ioii Co.. 232 S. lloyin: .Avc., Chi- 

; r-;iKo 20, 111. 

j Sii|>i‘r-pol(l Corp., 1020 []. r)[llli St., Fuis Cal. 

(hj TiTUipy lOnyrr^., Ini'., 2U Av'c. H, Np\p:irk 5, N,.l. 

(B) York Corp., Y'ork, Pa. <j>. 

ICE t:l!BE MACIIINI.S, SEEF-(U)N I AINEO 
Ajax Corp , ICv.-Liisvillr, Irui 
i Baker Herriiipraiion ^'<irp., S. Windham, Me. 

! (yi. tl.i) 

Carrier (oirp., 3o2 S. (ieddes S|., Syracuse I, N.Y. 

I (j*. 

I li'i‘-Klo t'lirp., Mill .S|.. I'riiviili-nri-. h.l. 

' McDuay, Inc., lf)99 Broadway, N.E., Minneapolis 13, 
Minn. (y). 

Milla Induslrles, Inc., 4199 rullerliiii .\vi‘., Chlraiio 
39, "3 (f), OH) 

.\or-Eakf‘. Ini'.. 2inl Cl in Sis., Ilinlsdri, \\ is. 

1'nili‘il l^■!‘I•i^.':l■|•:^l III o., Iluilson W in. 

York fatip., Y(»rk. Pa. (y». /i.i’J 

I ICE CUBE IRAYS 

’ .'Murninuiii (lomlh Mfu, (h).. Maiiitownn, Wis. 

I lloosii'i' Cariliiial fliirp., liOl I'k 1‘ai‘lirl .Ave., EvariBvilli' 7, 

ind. 

Inland Mf>?. r>i\Ctii'l. Mnl.ors Corp., Da.vtnn I. it. 
Mack Muldinyt Cii., UycrHini .Avi ., Wayne, N,.l. 

I'l.iMtra.v I'orp., 823 I'l.sln r Hide., Detroit 2. Midi. 
I'n'iiiiiiin riaHlic.s, Inc., Ii27 Saliuii .Avi*., Daylon li, ft. 

Harry /ysnian, Inc., 427 1C 14f*ih .St., N.Y.C. 5.5 

: (p. I jr.) 


REFRIGERATION PARTS 


DOOR GASKETS 

COTTON CUSHION AND 
SPONGE RUBBER 




Diameter 1/16—5/B 
Flange 1/4—5/B 


ALUMINUM ICE 
CUBE TRAYS 









Immediate Delivery 


HARRY ZYSMAN, INC. 

427 East 146th STREET NEW YORK 55, N.Y. 




ICE MAKERS 

126 INSTRUMENT PANELS 


Refrigeration Classified 


ir:E MAKERS, BULK 

Harrier Corp., 302 S. Gcddes St., Syracuse 1, N.Y. 
llaro CnbiiipL Co., Weat Chester, Pu 

Frick th)., Waynesbiirn, Pa. n!) 

Friftldalre Dlv., Gen'I. Motors (Jorp., Daylon 1, (). 

(P. n) 

Knhlenberger Engrg. Corp., ItiOO W. t^omninn- 
wealth, Fullerton, t^al. C/* 

Ijc- C'ruBBi; (’ooler Co , 2H01) Ijohey Hlvd , iS , l^iv I'nisse, 
WiB. 

Nor-Liikp, liii , Joel iVc Elm SIm IJiirlHiiri, Win 
II l^erlirk Priiss Co , 311U MeiruM-ke Avi* , Milwaukee 
10. WlB 

lt,i*i‘ii PriKlul'ls Div , Hefn^EiTatum IjUkcr Corp, 2020 
Nuuclaiii SI., Pliilu 41i, Pu 
Fr iiiipy I'hi^rK ■ Ini' , 2li Avi I), Niwiiik \ .) 

Vielur Prixiutts Corp , OOJ Pope Ave , lltiRerslown. Mil. 
Wilson HefriKiTation, Trie , Div of W iIbiih CabiiieL t n . 
Iiir , Hiiiyrna Df*l 


H. A. PHILLIPS & CO. — Chicago 


% 

V 


PHILLIPS 


Our RiFrigironl InjrclDri aisure 
batlsr heal Iranimiisiun through 
certain evaporalan becauie 
liquid riFrigeronl ii conlinu- 
Dusly rBciriulaled at higher 
moil Vilociiiei. Trouble 
Free for both single and 
multiple evaporator in- 
itollationi. 

'' Catalog upon request. 

3255 W. Carroll Ave. 


IGE MAKING MACHINES, AUTOMATIC (See also 
ICE CUBE MAKING MACHINES) 

Baker Refriaeratiuii Curp., S Windham, Me. 

(/» (j'?) 

Bell-Ice C'urp., 2H4.S-lfilh Ave , W., Seattle 99, Wash 

(/I I'*>) 

Fliikici Corp , ;ibD Furman St , JlroDklyn 2. N.Y. 

Gay En^rg Co., E, lllh St , Ldb AdkbIpb 23, Cal. 
kohlcnhergcr Engrg Curp., 1600 W. tkimmon- 
weiilth, Fullerliin, Cal. (yi .■?'>) 

Nor-Laki*, iiie , 2nrl At Idm Sts , ITudBun, W is 
Orley Frppzerfl, Inc., (58(1 E Furl St , Detroit 20, Mieh 
Kiro l*io[luilH Dm , Ui friKPi.il ion JOnKr^ Corp, JllJI) 
N.iiiil till St , Pliilii 111, P;i 
Uiiiled Herngeiiiloi Co , Hudson, is 
Viltcr Mlg. Cn., 2224 S. 1st St., Milwaukee 7, Wls. 

(7> .“(^l 

Heiii> T'^ngl Miiehiiii f ri , IDlli A OiiiiHby St . I.nuiBvilli^ 
1(1. Ivy 

Worthingliin Pump & Machinery (^nrp., llarrlsuii, 
N.J. (p //, J 

XL HefriRf ruliiiR Ci> , IS31 W 5')tb Si , (Tiipugo .3ti, ill 
York Oirp., York, Pa. (p i^) 

INDIC^A'I'ORS (See particular type, 1 e., FLOW 
HA’IE; I.K^IJID; LEAK; MOISTURE, etc.) 

INIIIIU'I OHS, CORROSION (See WATER TREA'I- 
1N(.') 

I INJEC’I’ORS, RI'.FRIGERAN'I' 

( old Cnntii)!, Ine , 111 Hitiadwav NA ( 0 

< II. A. Phillips & t'Ai., 32.S.S W Carroll Ave.. (^hlcafln 
24, 111. fp I ^u) 

INSLinS FOR MOLDING, etc (See rASi'ENERS; 
I also llARDWARP SPE(.IALTIES) 

I INS’FRUMI'.NT PANICLS 

I \iir1iiHiiii A SiniH, Ini' N I'liii M , WihHiiIiI, \Lihh 
I Baker Refrigeration Ci> , S. Windham, Me. (p (••I) 


BELT-ICE CORPORATION 

MANUFACTURERS OF CONTINUOUS ICE MAKING EQUIPMENT 


^ MADE DRY 

^ CAN BE STORED WITHOUT 
ADDITIONAL FREEZING 


it MADE COLD, ZERO ° F 
IF YOU LIKE 

★ COSTi LESS 

A IT WILL SAVE TIME 
AND LABOR 




^ CAN BE HANDLED BY BLOW¬ 
ER, SCREW OR BUCKET CON- 


ICE 


IT FLOWS LIKE WHEAT' 


2B45 16th AVE. WEST 


SEATTLE 99, WASH. 






INSTRUMENT PANELS 
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Bristol Co., Waterbury 20, Ct. 

Ciiaridlur Co,, 1407 Park St., Hartford fi, Ct. 

Dutroil Stamping Co.. 41K ISIidland Avi-., Dim, mil. ;t. 
MiLd,. 

FaUtrom Co., lil F’alstrom Court. Passaii;, N..f. 

Fiathcr ilk Porter Co., Halimro, Pa. 

Clauilt* S. Gordon Co., 3000 S. Wallai'i- St., Clui-ago Hi. 
Ill. 

L. F. GrummpH & Sorb, Tin'., 305 Union St.. .Mlcntown, 
Pa. 

.larni'M 1' Miirali I 'orp., Skiikii', 111. 

Mar.Bliulltoivn Mfg. Co., Maralialltowii, la. 

I’aiudlit. Ini'., 7212 North Clark Si., (UiiL-aKO 20. Ill. 
AinoB Thompson Corp., ihkinliurg, Ind. 


INSULATINC PLASTKR & CONCHK'l'K 

Hiihcock &; Wih'.nx Co., S.5 Liberty St., N.Y.C. 0 
rorly-Ciglil, IriHiihitioim. Ini’., Auriirn, 111. 

IJn-.it Lakes C:i.rlii»ii Corp., IK C. 4Klli .S|., New \'ork 17. 
N.V. 

Johns-ManvillL*, 22 K. 4llth Sr., N.Y.C. Iti (p f3>) 
Hubert Kirusbey tJo., 13!l VV. U.lth St., N.V’.IL 11 
Natiuiial Gypaum Co., 325 Delawen^ .Ave., HiifTalu 2. 
N.V. 

QuiKli'y k^o.. Inn., 527-,5tli Ave., N.Y.C. 17 

KMiiiir Mineral Trading Corp., 16 E. 43ril Si., N.Y.C. 

17 (p- /■•<'<) 

Refractory t<k Inaiilation Corp., 120 Wall St., N.Y.C-. 5 
Weatern Mineral J’rorlncta Co., 1720 MaJison St., N.!',., 
Miiiiieapolia 13, Minn. 

Zoiiulite (vO., 135 S. T/i Salle St., Chicago.!, Ill. 


INSUI.ATION, AEROGEL 

Merriinae T)iv., MonHarilo Clieiiiic-al I'o.. Cvcrell 'I'.l, 
MaHB. 


INSULATION, ASBESTOS, MAGNESIA, etc. 

Aeiiie .\Hbt!Blua C.a)Viiriiig lIc Fluiiring Cu., 2.30 N. l‘3iza- 
beth St., Cliicago 7, III. 

Aiful Div,, Rellec-tal Curji., 155 L. 44lh Si., NA'.C. 17 

Armstronit Cork Co., Lancaster, Pa. (p. /.42J 


Philip Carey Mfg. Co., Lockland, Cin’ti. 15, 0. 

Ehret Magnesia Mfg. Co., Valley Forge, Pa. 
JohnB-Manvlllc, 22 E. 40th Sc., N.Y.C. 16 (p. l.i.,) 

lloht. A. Keaabey Co.. 130 W. I'.llh St., N.Y.C, II 
Keaahey it Maltiaon Co., .Ambler, Pa. 

Mundet Cork Corp., 71111 Tiniiielle Avc., N. HcrAun, 
N.J. (p. I, is) 

Norristown Magnesia AsIii'nIus Co.. \^ ■Lshingl uu ,S| , 
bidow Ford SI., Nurrislown, Pa. 
RaybestoB-Mnnhattan, Inr., (11 ^^’ilh:!tt St., PasHaii', N..L 
Ruberoid Co., 5(K)-5th Ave., N.^ 18 

! Standard Aabesloi* Mfg, k‘u.,S0U VV. L'vergrei ii Avi;., Chi- 

I eugo 22, 111. 

i Stainlard Aabealon Mfg. it Insulation Co., 410 N. Olive 
I St., Kausas (3ty I, Mo. 

I 3'aft-.leiikin« Co., Ine , 27 .'Kargeant. .SI,, llelyuke, Mass 
I Gr.’int VVilsoii, Ini., 3 I .‘p Slienii.an Avi., I'liieagii 1, III. 


INSULATION. BALSA 

ll.'ilaa I’.eiiador Tminlier Corn., 50l)~51li Ave., N.Y.C. LS 
Geo. D Fiimrv Co., 22fl-lltfi Avr, N.Y.C. 1 
International llulaa t'orp., !I0 Boyd .Vve.. JeiHev I'ily 1, 
N..I. 


I INSULATION, CELIAJI.AR RUHBER 

I B. F. Gorulneh (hi.. riOf; S. Main St,, .Akmn, O. 

I Ilewill-llobiiin, liii , 240 Keiisiiigioii Ave.. BnITiilip 5. 

N.V. 

I h r. II ogaii A I’o Iiii- . 3S3 Maili.siPii \ \'i'., \ . V 17 

Jurrnw Prndiicts, 420 N. Lii Salle Si., Cllic: 1 ^n III, 111. 

Ip. So.) 

Ruhalex DIv., (;reai AinerlL'an Iiiilusirii'N, liir., 
Bedford, Va. f/). l.iiij 

S|»onge Rubber Ihoilvnl!- ('n., liKMI Derby I'l., Sbellon, 
i I't. 

; U. iS. Rubber Co., 1230 Avi-. of tlie AiniTieaH, N.V'.C. 21) 

I INSULATION, CI:LLUL0SE FIHRI. 

Celotex r.hjrp., 120 S. La Salle Sl... Cliieagip .1, III. 

; ITiriile A: Daucli Paper (hp., P.O. Ilox Hli, pSuiiilusky, D. 

I (Ciintiniiiul I 



S’tcC’ KjUfy manufacturing CO 50 Regenl Sireel Cambridge 40 Mat. 
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O W E N S - C r) R N I N G 

Fiberglas 



FOR EVERY LOW-TEMPERATURE NEED 



F/flEflGLAS PF (Pre Fornifd) 
INSULATION 

WideJy uied /pr Jow leniprrahJrr 
structures and reirjgcratcd equip 
ment AvujJabJe in :>even standard 
dF’nsjtjes trom 2 to Ilbs pei 
cu It 



FIBEPGLAS PF PIPE INSULATION 
Fiberglas Insulating Wooi pie 
/prmed in sections Id ImI standard 
pipe sizes up Ip 3D ALROCOR 
PI 3I0 A lightweight Ilcxible 
blanket type insulation lor use 
around /iltings valves nested 
pipes 



FJBEflGLAS AF fAsphaJt FneJosed 
BOARD 

Made oI □ rorr- o/ Fihnrglt PI 
(Pro FoTined Insulation conipJelc Jy 
enclosed with an asphalt coating 
Easy to cut und install Size 12 
X 3B Available in 6 lb pr S lb 
cu It density 



FIBERGLAS AE F (FIooi BOARD 
Dl/ering grratri iLSistancr to com 
pressive loads this asphalt en 
closed Fiberglas Insulation Board 
IS designed specilically Ipr use as 
□ llppr insulation in low tempera 
ture structures Size 12 x 3B 
Density B lb per cu It 



FIBERGLAS ROOF INSUIATION 
Provides a firm structurally sound 
material as the underlying layer 
ol insulation in built up roofs ol 
low temperature structures EosiJy 
applied by standard methods Ex 
reptionally low thermal conduct 
ances Size 24 x 49 Thickness 
• z to 2 


In all of its many easy to use forms, Fiberglas* Insulation 
IS a "natural" for maintaining low temperatures with ut¬ 
most economy in □ wide variety of applications 

Made of ageless fibers of glass, the thermal insulation 
efficiency of these Fiberglas Products is exceptionally 
high Fiberglas materials neither produce nor pick up 
□dors in service They are highly moisture resistant, 
impervious to mildew and won t rot or sustain vermin 
Light in weight, Fiberglas Insulation has good mechan¬ 
ical strength doesn't settle dust or disintegrate under 
vibration Mechanics like to apply it because it is easy 
Id cut and handle 

Write for complete technical information and appli¬ 
cation data concerning Fiberglas Insulations for low- 
temperature service to Owens Corning Fiberglas Corpo¬ 
ration, Dept 103, Toledo 1, Ohio Or, write or phone the 
Fiberglas Branch Office nearest you 

*I jJ r I l/ 1 J thr tni I r Ji |he r 1/ ^ / at □// ) 
d1 Uu rn f n n I Fil l r ila C ly rati n I i a v i 
rifh rl p n iiirl r olIl t -ir v. th nl i h 

OWENS - CORNING FIBERGLAS CORPORATION 

2012 Nicholas Bldg, Toledo 1, Ohio 

OlFicai Allanla Ball more Boslon BuFfalo CK cago Cincmnali Clsveland, 
Columbui Dallai Daylan Donver Delroil Grand Rapids Houston Kansas 
Cily LouiivilU Las AnqslBs MiIwquIibb Minneapolis New York Philodsl 
phio Pilliburgh Portland Richmond 5l Louis San rroncisco Seallle, 
TdIbcIo Tulsa Washington D C 


FIBERGLAS IS IN YOUR LIFE...FOR GOOPi 
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Pittsburgh Corning Corporation 

Mnhprs of PC’ Foamfilns Insulnfion 
Drpl. AB-01, 307 Fourth Aveniir Pitlshiirgh 22, Pa. 

Control Cooling Costs with PC FOAIVIGLAS 



IM; liiHuliiliiin In iinimI iin llii* wallh unil ri;ilint: 

uf ihiN I-Miilin^ riJiuii-ilrhifinMl fur ;I 2 “F. lemppra liirp- 

.'■nil iin ciilri Itipi’ linrN ul iIip hpw canning pliinl iif ihn 
Krpy P.’irliinK 1111111 ^ 11 }', Ilpllpvlllr., III. InNiilaliiin l.iiii- 
Irarliir: Uiiriliin InNulaliim I'.tinipan} , I,. Si. l.iiuiM, III. 



Till' wide at L''-|)t:im'e ut I’t’ l‘'i>aiiinlas im 1 
ili-iui'd by a liiiif.; lisi -f pimniiu'iil iisi-rs is 
dill- iiiaiidv III Iw'i.) lai ls. 11 is an t-l'l i*l Iivr 
HIM.i..111111. 1 | is an i-i iiiiiiiiiiL'.'d iiisvilal inii. 

I u iiisulaliiiL; I'll I'l l i vi'iirss nl 1' ij;iiii|.da.s liidps 
in.'iiiitain lin\ l(■lnpl•lalllI rs \\ iili frv ri Inmrs id 
roinin essiii- iipr i a 1 inn, lliiis saving inniii'y un 
idcrlric iiini'iit and jmslpmi 1 iiy, ni.slly n-paiis 
li.) riiiiliny ri|nipMii-nl. 

'riir ii-llnl.ir idass siiiuliin' llial in.iki’s Fnaiii 
p.l.'is .snail .:n rsi rplinii.illy i ll ['i livi' iiisidaliiiii 
.'il.sii inaki's il Iln- Imiy lilr iiisiilaliiiii. .Sini'i' 
yl.'i.ss is ]ir;ii lii'.'div iiiipn v inns in i lcmnils lli.ii 
dcslriiy dIIii'I' iii.i I rri.i Is. I'l' !■ naiipi 1 ,'i.s wlirii 
linipi'ily insl.illi il M lains ils nii|,;lMaI iiisiil.'diiij.; 

I'll I'lli Vllll'S.s. 

I'li.'iinyl'is is i.'i\iiiy iii.iiiy yi-iis nl 1 1 niilili I ii'i' 
servin' in w.dls and llnni-s, niids and leilinys. 
nil pipiiip anil lilliiiys, indririrs .'iiid iiUlilmii's, nn 
l.'inks ,'ind pinnssiny iiinipnirid. ll.s Iri'nliiiii 
Innn trnslly ni;ii 11 1 cnani'i.', repair.s and rr'|ilai'i- 
iiiL'iil is .'iiiiillicr iii)|)ni'lanl l.'n Inr in kn‘]uiif.:. in 
■^nl.ilin^.: nisl.s ilnvvii In rnrk bnllnin. 

When ynii air larinK .S|ii‘i'i.'il insnlahrur imili 
Irni.s, nnr .speti..lists will btr f.;lad to iiiiisnil 
willi yiMi. Alranwliile, ynii will find .1 lut id 
liLdptiil inroMiialioii in nnr I'lirrenI lilL-ratnn- 
lu.sl limp IIS a liiiL- and wr sb.ill be ^lad In 
sriiil yon onr boiikir ls and a .s.nnple of IM i 
FDamRlas. 



'I'be bi'J/ Rla.ss iiisnlation 
is eellular pda.s.s. Tlif o«/y 
eellnlar pda.ss insnl.'ilion is 
ri! J''DainRla.s. d'bi.s nnif|iir“ 
material is luiii piiseil of 
still air, .sealed in iiiinnti- Rla.ss eidls. ll is 
liRhl-weiRlit, inL'riinlin.stilile, veriniiipniof. It lia.s 
iiiiusiially liiRli resislaiue to innisinre, ilienii 
Lal.s and inany other i-lLimnls tbal c.iuse 
insiilatinii lo iJeleriorale. 



FOAMGLAS 


cellular 

glass 


INSULATION 


. . . when you insulate with FoamglaJ 


. .the insulation lustsJ 
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p^umr e09t~m»e 

imm 

msuunoii 

HARDMARB 


WATER ABSORBED BY TEST BOXES 




These rwD graphs show clearly 
why oversize compressors are 
customarily installed to over¬ 
come later inefficiencies of 
ordinary insulations which 
absorb moisture. They 
show too, that the sta¬ 
bility of RUBATEX Hard- 
board means lower 
operating cost with 
mare economical 
power installation. 


TIME IN WEEKS 


plus an iiiilialh htwrr K-larlur 
III 0.21. |ilus (rfi'iluni Ironi iiiiiiiUcMiaiirr art' n\\~ 
suns v\li\ niiin* anil mort* (ri‘czrr plaiil.s, rnlil 
slora^ir iimm.s, |■(‘l^iJ^(•^alnl rail\\d\ rars ami Irncks 
urtMiisnlarnl willi Hi'MMMA liisnLuinri I Janlhnanl. 

lUilKT'IA Nai'ilhiiLiril lias /rrn ininsinrr aiisnrpiiun. 
Mil tiililril \a|iiii' liainiM is nriMlfil. 1| lias ^mul 
.sli'urlni’Lil s|n*iif^lh — ui*i^lis ipiil> I'i |inniiil.s jut 
rnliir liinl ami vnIII nnt srnlr ttr iTiiiTililr. 

W Ill'll \ (III iiisniali*. plan Inr Iii\m*sI pii>M*r rnsl — 
nsi‘ KinuTiA liisnlatiun Hanl- 
liiiaril. W rill* fur Drsi^ii Data 
limik KOII-1-50, (/real \nu'ri- 

i-aii Jmlijslrifs. Jiir.. Hi hvtea 
DlVIS10i\, BKDhnilIt, VlHUIMA. 


□ Died Calli shul uul htal, ljIJ 

□ nd mDi^luri' Phulo mirroijraph ol 
Li ^LMtinn of RUBATEX In^uluNon 
Hatdboard shows th- d. nsi- stru.. 
lure of mdividuully Unsr d iidls 
whiih ijivi fhi^ prudui I ill 

I nmil insi.liirini) propf-rlifs "K" FACTOR 0.21 • ZERO MOISTURE ABSORPTION ■ NO ADDED VAPOR BARRIER 
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Wood Conversion Company 

nppl. 200-1, lN:ilif»t]al Hank lliiililiii^. Si. Paul I, Minn. 

\eH Y ork Drnver Cliira;>o 

lliislim lYpIroil kiinKiis 


K-25 INSl CATION I JllER* 

MATIC SYSTEM EUK UEI KK.EKATOK CMMNEI S 

K -25 I'lbiT*, :i|)pli^[l iyv i1il‘ V\ ddiI C'nnvi isidii 
Cmiipimy’s lii;;h-s|iL-L*il p ii Liiin ii 1 11 .s\sIl-iii, 
nr.iki\s II lUi.^.sihlt' tii iiisiil;iif slmIi-iI r\ iu' irhii;- 
rr:itor c ibnifts ;iml ilonrs in :i k-w si'i'oiuls. NN ith 
pDsitiVf :iuti)ni:irK' Lfnimtl :iiul i‘liiniii;iiinn iif 
;ill joints, hiniirKinons :inil \ niils. 

K .-25 Fil)i*r was SL’ienrifiL'ally [livrlnpLul by 
WoDil Coil version C^)iiipany li» iiuHt rlu- nml 
for stri'aniliiu il prinliiLtifin nt ilDnuslir riln^er- 
afors. Slnppiul in hiiLilily Loinim.ssLil, lasily 
stored bales, K -25 is iiuiL-kly proL’esseil to tlu- 
proper low density in ymir own plant rluii 
blown into eabinets and iloors on ilia lii^li pres¬ 
sure. Made of elean, new wood liber, K -25 lias 
an unusually low' “k” kiLior. It is nioisruie re¬ 
sistant, elean and otlorless. Ik-eaiise of its lii^b 
felting ipialities :md resilienee, K -25 I'ibi j w ill 
not settle. 

I tislallalinn 

CAIllINE I S Al TOM ATICALLA IN Sl EA I'EI) 

In the K -25 Fiber Fneiiniarie System, the refrig¬ 
erator IS uutomatieallv insulated under |)ressure 
with the insulating fiber eonforming to the eontour 
of the outer shell ol the eabinet. In the blowing 
operation, a dummy liner or hxture is used. I be 
fiber eompletely Hlls the S|iaee between liner and 
outer shell. In other words, rlie Pneumatie System 
introduees the bulk insulating fiber into the eabinet 
or door and budds or “easts ' a self-sustaining mat 
without the use of any binder. I bis i.s made pii.s- 
sible by the eharaetensties of the K -25 biber, whieh 
are its ability to felt and maintain resiliency. 

*Tradf.-Mark 



Refrmrralvr iluur pneumnitf ally 
insulated with K J") Fihrr 
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Armstrong Cork Company 

93R Concord Street, Lancaster, Pa. 
Offices and distributors in principal cities 



ARMSTRONG’S LOW-TEMPERATURE INSULATIONS 


ARMSTRONG'S CORKBOARD 

Thermal conductiyity: 0.27 at 60" F. 
Weight: Averages .60 to 0.65 lb. per bd. ft. 
Sizes: 12" x 36", is" x 36," 24" x 36", 36" X 36". 
Thicknesses: l", IY 2 " , 2", 3", 4", and 6". 

General: Armstrong's Corkboard is made en¬ 
tirely of pure cork granules, compressed into 
board form. This material is strong and 
tough yet easy to handle and install. It will 
not settle, sag, shrink, or warp; is fire- 
retardant, and will not harbor vermin. Port¬ 
land cement plaster and asphalt emulsion 
finishes bond securely to corkboard surfaces. 
Armstrong’s Corkboard conforms to P'ed- 
eral Specifications HH-C-561 b. 



ARMSTRONG’S CORK COVERING 

Armstrong’s Cork Pipe Covering and Fit¬ 
ting Covers possess essentially the same 
physical characteristics as Armstrong’s 
Corkboard. They are compressed and baked 
in molds, machined to accurate size, and fin¬ 
ished with a heavy mastic coating which 
provides a seal against air and moisture 
penetration. Pipe covering is made in 36" 
half-sections, in Heavy, Standard, and 
Light-Duty thicknesses, for pipe sizes from 
up. Fitting covers are made in corre¬ 
sponding thicknesses for all types of ells, 
tees, valves, flanges, unions, etc. Armstrong’s 
Cork Covering will also be made to custo¬ 
mer’s specifications for jobs requiring spe¬ 
cial sizes, thicknesses and shapes. 



COMPLETE CONTRACT SERVICE 

Armstrong’s Contract Service provides materials, installation crews, and engineer¬ 
ing assistance for all types of low-temperature insulation jobs. For complete in¬ 
formation about the products and services offered by this nation-wide organiza¬ 
tion, contact your nearest Armstrong office or write direct to Armstrong Cork 
Company, 938 Concord Street, Lancaster, Pa. 
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American Flange & Manufacturing Co. Inc. 

30 Rockefeller Plaza, New York 20, N.Y. 

Plaza 7-2200 

Terro^erm 

ffvB. U.5. Pal. Off. 

STEEL INSULATION 

Fully prorre/ed by IJ.S. and / iJ. cign Patrnts 
Issued and Pemhn'^ 



IriToTJirrrn iitsf.ull iil in n ro/r/ stfira/ie rouin 


I'L‘i rti-l licrm Slctl Insriilaliuii, miulc from rigiil 
siri'l .slicfis willi a sprriaJ alloy i;naling, rtflL'i'Is 
'M) |ir'i reiil to 95 pc^r of all radiant heal. 

This lii;rh ipncc-livity, t:oiiiliinnd with extremely 
low heal sloraf^i* l apaeily, prnvirlfs maximum in¬ 
sulating cflii if’ni y in minimum nverall lliirkncss. 

Saves Pay Space and Weight 

In rold storage rnnsliiif'tioti, the number of 
slu'ets of Ferro-Tlicrin depemls on the tempera- 
lure to lie iiiaintaineiJ and the IJ value leifiiired. 
The k value of Fcrm-Tlierin, based on tests, is 
listed in the Data Hook of the American Society 
ttf Rvjrif^erating Kn^inecrs as 0.226 Bin per (hr) 
(sq ft) (/F temiiprature rlilTei fin e). Laboratory 
tests and ihniisands of applirations have demon¬ 
strated that a wall of Ferro-'l'herrri will provide 
insulating ellii ieney equivalent to a w'all of mass 
insulation approximately twiee os thick. 


Assures Rapid Pull Down 
uf Temp era I lire 

The low heat storage eapacily of Feiro-'l'heiin 
is exirf'inely imporlanl in arhieving raiiiil pull 
down of limiperaliiri', and in saving refrigiTutiDii 
1 ‘o.sts for lire initial and i*iiidi suhseqneiit eooliiig 
Ilf spall*. .S]ieeifii ally, the heal .sliirage eii|iai:ily 
Ilf a single sheet of No, 3H gauge is 0,029 Bln 
|i(.*r (hr ) (sij fl ) (' F lenipi'i aluri* dilTeieiiec). 

I'his is appioximalely 1/J6 of the heal storage 
enpaeity of 1 sij (l of 1 in. ihickne.ss eorkhoaril. 

Pertiiaiieiil, Fire-Pruuf 
Insulation 

Feno-d'lieiiii ronstinelioii eliminates trapping ol 
iiioisliJie r iiinlf'iisati , with sijhsi*ipieiil deleiioiti- 
lion of the fon.slnii:lion. As it is all-nielal, Ferro- 
Theiin l aiinol be penelraleil by rodent,s, vermin 
nr termites, and is ahsidiilely non l oinbiistllile. 
The value of Ferro Therm for fire proler lion is 
apparent. 

125° Relow Zero Maintained in 
Altitude Test Chambers 

FL'iro-Therm lias jiroved its superiority in biiild- 
ing.s, cold storagi- rooni.s, refrigerated cabinet,s, 
locker rooms, dry iee containers, refrigerated 
railway ear eonslnielion, ovens, high-lemperature 
storage tanks—in fact, practically every type of 
applicalion where high insulating effieienry with 
economies in space and weight are a requisite. 
The most not aide demonslralion of Ferro-Therni 
lierfurmanre has been il.s selerlion for the insula 
lion of allitiidf cliamber.s for the testing of Army 
and Navy aviation equipment and personnel. In 
llie.se chambers, lernpcralures as low as —125'’t 
were maintained, with a temperature drop of 
T70 F to —70'F in 10 to 12 min. 











134 INSULATION 


Refrigeration Classified 


INSULATION, UKLI.UIJISE FIBRE (UnntInuBil) 

llobt. A. KeaBbcy Cu., 13D W. Hlth St., N.Y.C. 11 
Kimberly-Clark Corp., NRenah, WiB. 

MaaonilD Corp., Ill W. WaHhinKton St., CImcuko 2, III. 
H. F. NdIboii Mfif. Co., 401 Main St., N.E.. MinnBapuliB 
13, Minn. 

PUiBlcrgoii Wall llDard Co., Box 40, Sta. B. BiifTuln 7. 
N.Y. 

IViMjd CnnverBlnn l]o., First Nqt'l. Dank Bldg., St. 
Paul 1, Mass ( 7 J. Hil) 

INSUI.ATION, CORK 

Armstrong Cork Co., LancaatBr, Pa. (/j. 

f'ork linpcirt r 'nr p., I I'^iikIo St., rjiiKlBwiind, N..I. 

Cork IriBulatioii Co., Inc., IS.’S Iv 44th St., N.V.C. 17 
Di.'lKrri MIk. Inc., |{r)nnti)n, N..I. 

Khrct MsKnoHia Mfg. Co., Valley Forgo, Pa. 

Felt ProduetB Mfg. Co., 1508 W. Carroll Avc., Chicago 7, 
111 . 

Kobt. A. Keaubcy Cn., I.IH W. I'Jth St., N.V.t'. 11 
Albert 0. liloveraB, 143 Waverly Place, N.Y.C. 14 

Munilet Cork Corp., 7101 Tonnelle Ave., N. Bergen, 
N.J. [p. 

Rector Mineral Trading Corp., 16 43rd St., N.Y.C. 

17 (p. I.W) 

United Cork Cos., Kearny, N.J. [p. imt) 

INSULATION, COTTON 

CiilniHii Bros, (.'n., (iilnion. Cl. 

Lttfkutirl f'nttnii Mol.liiiK Cn., ljn(;k|iiirl,, N.>'. 

INSULATION, EXPANDED VERMICULITE 

JOhrnt Magnttaia Mfg. (’o., Valley P'orge, Pa 
LiniiiL WilHOli, Inc,, .315 S. Slii'roioii .^Vl^, Cliic-.agn 4. III. 
(Iroiil ljiiki(8 Ciirbim ( 'nrp., 18 l';.4Hl h St , New S'ork 17, 
N.S\ 

IiitLsmatioiial Vormiculitc Co., Girard, 111. 

Holit, A. KnjiBbii.v Co., 13!l W. llltli SI., N.S’.f.'. 11 
B. F. Nelson Mfg. (Vi., 401 Main St., N.Pi.. Minneapolis 
13, Minn. 


j WeatHrn Mineral Products Co., 1720 Madiaon St., N.E., 
I Minneapolia 13, Minn, 
j Zoiiolitc Cn., 135 S. Tia Salle St., (’^liirago 3, 111. 


INSULATION, FIBERCLAS 

Owens-Cornlng Flbcrglaa Corp., 2012 Nicliola.s 
Bldg., Toledo 1, O. (/). / ^VJ 


I INSULATION. FOAM CLASS 

i Armstrong Cork Co., Lancaster, Pa. (p. /.iJ) 

Plltshiirgh Corning fhirp., 307-4th Ave., I^ilisbiirgh 

22. Pa. (p. r..‘!h 

PittaViurgh Plate Lllaaa Co., (i32 Duriupane Way. Pitts¬ 
burgh 22, Pa. 

Sliiiidard -AnVii-BioB Mfg. Cn.. SilO W. r.viTurccn .Vvr,, 
Chicagn 22. Ill 
I 

i INSULATION, HAIR PRODUCTS 

; American Felt Cn., rilenville, t 't. 

American flair &. Felt f^o., 222 N. Bank l>r., Chicago 
.54, 111. [p. 

Armstrong Cork Co., Lancaste^ Pa. [p. tH!) 

Ehret MagneHia Mfg. Co., V^illey Forge, Pa. 

Craiit Wil.'iiiii, liie., 315 S. .Ave., Cliii-iign 4. Ill, 

Jolins-Manvllle, 22 E 40th St., N.Y.C. 16 (/>. 

Hobt. A. Keaabey t'o., 131) W. lOHi St., N.V.C. 11 
Ituberoid (]!o., 51)0-5Lh Ave., N.Y.C. IK 
Standard .Aslu'St.itH Mfg. Cn., KliO W. I'^viTgriM'ii \\’e., 
('liii-ii.gn 22, 111. 


I INSULATION, MINERAL WOOL 

I .All on Mineral VVool InHulaiinn (3i,, 2317 Whil i‘iiinri- 
PlaLie, St. Loiiia 4, Mo. 

: Armstrong Cork Co., Lancaster, Pa. (p, / -i ci 

I Baldwin-Ulil (!n.. 500 Breunig Ave.. Trenton 2, N.J. 

I Philip Carey Mfg. Cn., Lneklaiid, Ciii’ti. 1.5, (). 

I (.■iiniey Co., Ine., 153 ClieHtnul St., Miuikiilo. Minn. 

Cork Import I’orp., 3!) Park Plaee, Ijiiglewonrl, N..I. 

! Eagle-Pichcr Sales ( 3 )., .Ainerii’an Bldg., Cin’. 1,1). 
i (Conlinui'th 


INSULATING FELT 

For over 50 years, all-hair OZITE insulating felt has 
set the pace for efficiency in cutting power costs . . . 
stopping heat losses, and providing low-temperature 
control. 

You can get all the facts by requesting Bul¬ 
letin No. 300—send for a copy today. 




AMERICAN HAIR & FELT COMPANY 

Dept. RDBl, Marchondiie Marl, Chicago 54, III. 
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ROCK CORK 



. . . No. I Cold Insulation for 
Food and Beverage Plants 

• SANITARY and ODORLESS 

• MOISTURE-RESISTANT 

• IMMUNE TO VERMIN 

• PROVEN LONG LIFE 


IIlfi a top value, lon^; lasting insulation for 
\f)Ur cold rooms rpfngerating equipment and 
piping It’s Johns Mmville Kork Cork* a 
hasinlh mineral Inu lpmi»er ilure insul itinn i oni 
pnsid 111 niiiiLiil vvool i iimbinnl in produilion 
\Mth an isyihiltu liinriei 

biLiusi it IS immum to itrmitps will not 

sutjpnrt mold giouth will nut altriit vermin 
nr rurhnis anrl s ifeginrds tv in the most 


scn'^itive food piodutts fiom ollensivc odors 
Rotk Cork I he \ii 1 rliniit of leiding re 
frigciation inginteis in tin bind and lipverage m 

diislriL's 

Its lirni tdiious i iluri insuits thin, tight joints 
.111 Fork l riik IS [«isilv hindliil inrl in 
slallid in aiiv Ivpi of ronslrurtion 


ZEROLITE 


HIGH FIRE RESISTANCE 
LOW HEAT CONDUCTIVITY 
MOISTURE-RESISTANT 
IMMUNITY TO MANY SOLVENTS 


... A New Inorganic Insulation 
For Many Refrigeration Services 

III 



In lliL Dll and chemical industries Johns Manville 
Zciolite* IS the outstanding lold insulation for 
tanks equipment and pipes 

It is rcLommended when liic lire problem is 
dominxnt where solvent fumes mav cause 

HOW ROCK CORK AND ZEROLITE 



ARE FURNISHED 


l\pc 

I Lll^tll 1 

V^l III 

1 llirkiit 


IM' 1 

IS' 

r 

SI Ml 





' 

IH 

H llir •ui,h J* 

1 

IH 2” 

llir luish 1 

1 i' llir )UL,1 4 

1 I|)C 

1 fL 

tr fil ill 

Ilf \\ llir 

Insuliti n 

SI ill in 

slinildr 1 

Ilrmi 


1 

pi|)l SIZl 

Hcdw llriiii 

in 

Ihi sinu lliirkii 

[ in 

nidi li vMlh ni It 

Inm nf Ih' 





J o h 

n 5 

-Man 


■22 EAST 

X 

o 

w 

NEW 


O F F 1 

C E 5 

IN ALL 


Losih detenoration of an insul ilinn and 

vvliin Ion hilt i oj dm livilv is issinliil 

Zeiolile has the same valu ihh ih iratteiihlits as 
Rock ( ork PI U^s the adrlid advintigt of fi lo 
10 purtLiit loner lunduitivily this means 

increased effiucnr> when luge aicis are to ht 
iiittd 


J or complete details on Rock C ork and Ziroliti 
call >our nearest Johns Manvilk officL or 
nritL to Johns Manville, 22 Fast 40th Street 
\lv \ ork \U NV 


/ r fh nnl / f Ifr me T(ffiitefcd Johns Man 
7 ta Ir Mark r 



LARGE 


CITIES 
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INSULATION. MINERAL WOOL (Uuntlnui-d) 

Ehr«t MEigncBia Mfijf. Co., Vallpy Forne, Pa. 

Furl.y-EiKht InHiilulioiiH, Inr-., Aiirnra, III. 
flntiil Wilsmi, Trif... S. Slirrmari Avp.., ('hiciiKo 4. 111. 
JohnH-ManvllIc, 22. E. 40fh Sr., N.Y.C. 16 [p. tSo) 

Itnbl. A. Kpaabey Co., LID W, IDlli Si,., N.A'.f^ 11 
Munilet Cnrk Corp., 7101 Tunnclle Ave., N. Bergen, 
N.j. (p. im 

National (iVpHum f^)., '125 Drlawarp Avc., Tliiffalo 2, 

N.V. 

OwenB-Ciiniliig Flhcrglas Corp., 2012 Nicholas Bldg. 

Toledo 1, O. (p. 1-2S) 

Kuboroid Co., 5(J()-5Lli Avl;., N.A’'.C. 18 
Siiindanl AabtiHloH MIk- I'n., Hlil) W. EviTKrpcn Avi*.., Clii- 

I'aKt) 22 , 111. 


INSULATION, PIPE & TUBE (See also specific type 
of INSULATION) 

Armstrong CJork Co., Lancaster, Pa. [p. IS^) 

Cork Iniport ('rirp., 1 EiikIc St., Knulpwontl, N .l. 

EaRlii-Picher Salrs (.vii., Anicriran Hldg., Cin'ti I, 0. 

Forty-I'^Klit liiHiilaliiiiiN, Inc.. Auroro, Ill. 

Craiit Wiinnii, Inc., .'115 S. Slicnnitii, tHiiciiKU 4, 111. 

Iiiicrnal'innal \'iTniinilil,c ('o., Cirard, 111. 

Jarrow Prndiicts, 420 N. La Salle Si., Chicago 10, 111. 

ip- sr,) 

JohnN-Maiivllle, 22 E. 40th St., N.Y.l^ 16. {p. 

Hobt. A. Jvcaslcy t^)., l.'l!) W IHlIi St., N.Y.f\ 11 

.1. W. Mortdl t/O., Hiircli St,., Kankiikee, III. 

Mundet Cork Corp., 7101 Tonnelle Ave., N. Bergen, 
N.J. ^ (/.. I.'SS) 

MyaLik Adhesivn Proiluota, Div. of CliieaKO Show Prinl- 
inn Co., 2li.'{5 Kildare Avt>., l^'liinaKO H!l, Ill. 

Natioinil CyiiHiiio loi,, 1125 Delaware .\vc., lUilTalo 2, 
N.Y. 

North Pniin Co,, 72-5(.li Avi*., N.Y.C. 11 

OweiiN-Cornliig FlherghiH Corp., 2012 Nicholas 
Bldg., Toledo 1, O. Ip ^.^S) 


CORK BOARD 


IS STILL THE BEST 

INSULATION 

THE BEST DOMESTIC AND IMPORTED 
CORK FOR PROMPT DELIVERY 


STEAMBAKED—LIVES UP TO 
FEDERAL SPECIFICATIONS 


SUBSTANTIAL PRICE SAVINGS DUE TO DIRECT 
SHIPMENTS FROM FOREIGN FACTORIES TO 
YOU. 

Excellent Opportunity For 
Distributors & Manufacturers Agents 

Rrquest details on open territories 

RECTOR INSULATIONS 
RECTOR MINERAL TRAOING CORP. 

16 EAST 43rd STREET 
NEW YORK 17, N.Y. 

Murray Hill 2-7912 

Write, Wire or Phone Todoyf 


PitiNhurgh-Cnrning Corp., 307-4th Ave., Pittsburgh 
22, Pa. ip. 

Rector Mineral Trading Corp., 16 E. 43rd St., N.Y.C. 

17 [p. 13(1} 

Itic-Wil Cn., IJiiinii Coinnn^n-.e BldK., Cleveland 14, 0. 

SporiKe Rubber Pro duet 8 t'o., lliOII i^erby Place Slieltmi, 
Ct. 

Standard AHheHtos MIk. Co., 8lj0 W. FiVergreeii Avi-., 
Cbieagn 22, Hi. 

Tnft-JnnkiiiH Co., Inc., 27 Sargeant St., Holyoke, Masa. 
United Cork Cos., Kearny, N.J. (p. 13:)) 


INSULA'I'IDN. PLASTIC FOAM 

Doiv Chemical Cn.. Midland, Mich. 

E. I. du Pont de Nemours & Co., Ine., Wilmington OH, 
Del. 


INSULATION, REDWOOD BARK 

Pacific: Lumber Co., IDO Bush St., San Franciscii 4, 
Cal. [p. 137\ 

Rector Mineral Trading Corp., 16 E. 43rd St., N.Y.C. 

17 ip. 13(1) 


INSULATION, REFLECTIVE I YPE 

Alfid Div., Ilelleptiil Corn., 155 E. 44tli Si., N V.(\ 17 
American Flange Mfg. (ai., 3(1 Rockefeller Pla/.a, 
N.Y.C:. 20 (/). 133) 

Forly-Kight IiiHulationis, Ine., .Xiironi, HI. 

Ck 'r. Hogan ife Co., Inc., IHk'l Madison Avc., N.Y.C. 17 
Infra Insulation, Ini\, ID Murray St., N.Y.C. 7 
Kindn;rh*y-Clark Corn., Neiaiali, Uis. 

Porniancnii' Products Co., 11)24 JPway, Dakland 12, Cjil, 
Reynolds Metals Co., 2()|)l) S, Dtli St., I-ouisvillc 1, Ky. 
Sisalkraft fk)., 21)5 W. WackiT Drive, Chieiigo (I, Ill. 


INSULATION CLIPS 

Lexington Supply Co., 4815 Lexington Ave., Clevchiiul J, 

0 . 

Miracle Adhesives Corp., 214 IL r)3rd S)., N.Y.C. 22 
Stlc-Kllp Mfg. f'm., Sll Regent St., f^ambrldge 41), 
Mass. [p. 121) 


INSULA'nON EREtrnON MAI'ERIALS 

.American Rituoiuls Co., 200 Hush St., San Franciseo I, 
Cal. 

Armstrong Cork Co., Lancaster, Pa. ip. 132) 

Cork Iniporl Corp., ] Engle St.. Eogli-wund, 
iJhret Magnesia Mfg. Co., Valley Forgi*, Pa. 
Iiiteriiational Halsa Corp., Dti Hoyd .Ave., .lersey Cily I. 
N.J. 

Joliiis-Manvllle, 22 E. 40th Si., N.Y.C. 16 [p. IH-I) 

Robt. A. Kcasbey Co., l.'L) W. HHb St., N.\ .C. 11 
Mirarle Adbesivo's I'nrp., 214 E. 5Hrd SI., N.X’.C. 22 
PresBlite Engrg. Co., 3!)00 CbnuLeiiu Avc., St. Ijouis 11), 
Mo. 

Rector Mineral Trading Corp., 164 E. 43rd St., N.Y.t: 


17 f/i. I3U) 

Rubatex Div., Creat American Industries, Bedford, 

Va. [p. 13(1) 

iStiiiiral Asphalt & Ritumuls Co., 2I)U Hush St., San Fran 
risen 4, Cal. 

Stlc-Kllp Mfg. Co., 50 Regent St., Cambridge 40, 
Mass. ip. 127) 

United Cork Cos., Kearny, N.J. (ji. i.3U) 


INTERCOOLERS 

Acme Industries, Inc., Mechanic Si Ganson St., 
Jackson, Mich. ip. 211) 

Richard M. .Armstrung Cn.. Mux IBH, VX . I.‘liest[?r, Pa. 
Creamery Package Mfg. f^n., 1243 W. Washington 
Blvd., Chicago [p, 2,3} 

Doyle & Roth Mig. Co., Foot 23rd St., Brooklyn 32, 
N.Y. ip.si) 

Frick Co., Waynesboro, Pa. {p. 5i\ 

Cny Engrg. Co., 2730 E. 11th St., Los .AngeleH 23, Cal. 
Heal-X-Chaiiger Co., Iiic., Brewster, N.Y. 

[p. I2>n 
( Continuf'd ) 
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FOR UNIFORM LOW TEMPERATURE CONTROL 


W HEN building or expanding frozen food and 
cold storage plants, experienced refrigeration engineers 
know PALCO WOOL Insulation meets the most rigid 
and exacting requirements of non-settling permanence, 
long-life endurance, low thermal conductivity and fire re¬ 
sistance. Produced from the bark of California Redwoods 


PALCO WOOL Insulation is inherently moisture resistant, 
odor proof, and vermin repellent. Readily adaptable to all 
types of construction, PALCO WOOL Insulation not only 
keeps operating costs at a minimum through its high effi¬ 
ciency, but also effects savings in capital charges by reduc¬ 
ing plant investment and depreciation. Investigate today 

how to get continuing 
economies with PALCO 
WOOL Insulation. Write 
for full details. 


CHECK THESE SUPERIOR QUALI¬ 
TIES OF PALCO WOOL INSULA¬ 
TION 

V Luw Thermal Conduclivily 

V Duroble 
Moisture ResistonI 

V Vermin Repellent 
Non-Settling 
Flame-Proofed 
Odor-Proof 



Construction detail For maiunry . ■ 

Floor, walls and ceiling—tile finish, V Economical 



Typical Wall and Ceiling Woud 
Finish Construction For Low Terri- 
pcraturcs. 



Normal Frame Construction, Wood 
Walls, Flooring, and Eslcrior Sid¬ 
ing For Cold Storage. 


Kiir Ty|tli-iil LuiiMlnir- 
llun IJrluilit Wriin 'I'o- 
iliiy fur ihn Nkw GiiIiI 
SlurugB Manual 


COLO sroeAOi; 

WW-sr- j 

.^ " 





THE PACIFIC LUMBER COMPANY 

100 BUSH STREET, SAN FRANCISCO 4, CALIFORNIA 
35 E. WACKER DRIVE, CHICAGO 1, ILLINOIS 
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MUNDET 

CORKBOARD 


^^iiUUe 


TRAMS r 

CO%D}HSUJ.mOH 


MUNDET CORK 
PIPE COVERING 


Munilet ProductB 

“Jointite” Corkboard fur 
flat cold insulation, "Join' 
tite” Moulded Cork Pipe 
Covering and Fitting Cov¬ 
ers for cold pipe lines, 

"Jointite” Cork Lagging, 

Mundet Natural Cork Fso 
laLion Mats for preventing 
transmission of vibration, 

"Jointitc" Cork Roof insu 
lalion and all varieties of 
high grade cork speciallie<: 

MlgtlLSIl PjpL ( UVLr- 
ing ind lilink Irisu Ltiuii 

Munilel "Jnintite" 

Corkboard 

1 abneated from 100% pure 
Cork—complies with U S 

Government Master Speci □! Mundet ■■ 

Dcations Unsurpassed for Covering, with m 
all cold insuLilion services 

cold storage rooms, ice tanks, sharp freezers, roofs, 
refrigerators, rcfngeralor cars and trucks Recom 
mended for acoustical correction Manufactured in 
only one grade "Joinlile” is the most economical 
because it is the highest grade corkboard obtain 
able btandard size 12" x 36*', thickness I', 1', 
2", 3', 4* and 6' I stimalcs furnished with or 
without our installation 

Mundet "Jomtite” Cork Pipe ( overing 

Quickly applied, the most economical cold pipe 
insulation on a value basis Mineral rubber finish 
gives protection from moisture or frost 


Made in 3 thicknesses, for 
all types and sizes of eold 
lines carrying sub zero to 
50° temperature In sections 
36' long with standard 
fitLing covers 

Mundet "Jointite*' 

^ Beveled Cork Lagging 

, Cut to order to any desired 

radius, effectively insulates 
all types of cylindrical 
tanks and coolers 

Mundet Services Cover 
Whole Job 

^ Avoid divided responsibilit} 

by permitting us to arrange 

f -i, ■»! for the complete installation 

Jolnille Lork Pipe , ,, i /t i . nr 

iiulded fitting cover of Mundet Insulation We 

maintain an efficient, 
trained erecling slaff at all of our branch offices 
All materials and workmanship are guaranteed 
and no contract is loo large or too small to 
receive expert handling 

Our engineering department is at y our service at 
all times to assist and advise in the preparation of 
specihcations pertaining to Cork This service is 
available to any one who has an insulation prob 
lem, and docs not obligate you 

Write for the Mundet Cork Catalog 

The latest edition contains valuable insulation in 
formation, including heat loss chart and important 
specification data Send for your free copy 


Mundet Cork Corporation 

7101 TiiiinelJp Ave. Insulation Division North Bergen, N J. 


Ailmti 

It kltinioi t Ul Ml 
noston Mass 
( Inri )tli 1 N I 
( iiuiniiali J Uliio 
Dtllis Ul 1 l\ s 
Uc In it 21 Mich 
lldu&lun 1 1 ex IS 

III li in i|iolis 111 I 


MUNDET DISTRICT OFFICES IN THE UNITED STATES 

Hiz ilutli St N E I I I s n\ illi f J 1 1 

I U It 11 i\ “Xvi Tivansas Lity 7 Md 


St Nd Ciinliiid^c 40 
U S t I 111 V| 
4*.7 West hourih St 
in Si III Vx, 
14401 PraiiiL St 
ConiineiLc an 1 1 ilinei Sis 
1 1 VV isl iiij^tin St 


I 1 I s n\ il] I f 111 
Tkansas Lity 7 Md 
Km \vlile, 1 enii 
1 os An^clea I alif 
New Orleans If La 
l*liilailLl] hia 39 Pa 
St Inis ) Ml 
Sin 1 r iiu isi L 7 Calif 


SOU I 11 IV Si 
14^S St 1 nu s Ave 
1 — 1 I 1 in 1 Avt 
(Maywood) 6116 \\ ilUcr Ave 
IIS N 1 nnt Si 
8 f \ 1Sth Si 
11 r Hr inn ii Xvr 
440 llrmn'in Si 


Our I fft cs are eiji4i/>/>ni to supply and install a full line of low onti h\jh temperatuf e insulation matenal 
LidhiIb MUNDLT CORK ft INSULATION LTD, Montreal Que , ToroDto Uni Winnipeg Man, \ancoivcr 11 

MUNDET DISTRIBUTORS ARE LOCATED IN THE FOLLOWING CITIES 
Ntamau and AddrmMMma uf Dialrlbulorm 5mnl Prumplljr an flaquHl 

\in Ilia lowi Denver Colo Norfolk Va Salt Lake Lity ITtil 

Amunrida Mont II Piso Tlx Dklahoni-i CiU Ohia Seattle Wash 

\|i| Irton Wis Ifirtford ronn 1 lioenix Anz Tacoma Was) 

Avcrill Park NY lohnson City lein Plattsliurth NY Toledo Dhio 

Ilaltiniorc Md Knoxville 1 enn Portland Ore Tucson Anz 

[trookings S 1) Memphis Tcnn Providence R I UtiLa N Y 

Buffalo NY Minneapolis Minn Richmond Va \\ a^hin(rton, DC 

Charleston W Va Nashville, Tcnn Rochester NY W estbury NY 
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I'liiled Cork Companies 

Maniifaciiirt^rs^ En^inrrrs and (^ontravlors for Hvfrif/;prntion and 
Air Conditioning Insulation; Sound and Vibration Absorption 

Krarny, N.J. 


A11..my, N.V. 
Arl.inUi, i-ja. 
Italliiiii.il f. Mil. 
llusUiii, ilas.s. 
Ituriali), X.^'. 


LMiil-.i},'i), 111. 
L'inciiinati, Oliio 
t’ll’V 1.1.111(1, Dhiu 
J1.Il l fill li. Conn. 
Iiiiliaii,i|ii)li.^, liiri. 


I.ii.s Aii^-i-k-., kalif. 
Milw.iiikcc, 

.\i-\v I Ii Il-.ihs. La. 
Nl-iv ^'nrk, N.Y. 
riiiladL'liilii.i. I’a. 


I'l ll'<l'Viiy;li, I'a. 
Kk.”!.; 111. 

M. Liaii-., Mil. 
W'.ifiTvilli.', Ml-. 


(m(;AM/ATU)^ 

l M rCI) i.'' iIh! iiiiiiirrr Jlh fiiniisli 
irig and lualviii^ a i-umjjlrlc in.‘'lal!Li- 
liiin III (.iirl-w insiilaliiin. I' nr alnni^l 
liulf a i‘i*iiliii‘y imr iir;:ani/.alinn rd 
>]ii'i'ial i/.i-il iiisnlalinn rii;:iniM‘i s. 
IrainiMl in llii’ srlimd nl iirailiral 
liral, culii, siinnd and viliralinn insn 
lalinn, liavt* iii-'lalli-il (anklmaid 
)danK 1)1' I'viTy dcsi rijilinn. iiu iiiallrr 
liiiw i^mull 111' lar^R. 



IIMTI:U\S ROOF CORK- 
ROARO IiNSHLATION 

Ki i p.s n|i|)t I Mmiis waiinn in 
v\inli-i 11 l‘lllll■l^s lii-al loss), i-mdi-i in 
oiinniirr; idiniiiiali-s lonilrnsalion ol 
inoisiiin- nil (III- Miidi-rsiiir ol ri ilin;.s 

lliiis saving, sjmilai’i; u) |ii inJiif ls. 


CORK Pin: COVFRING 


SFRVICF 

I.M'.ri'd)‘S Sorvii-i i.s n:miidi-li.' Ironi .slail lo 
linish. fix jn‘1 iriii'id l•n^in^lMs. in rooiM’iiilion 
v^ill1 oin vy i ll Im ali d and l oinjilrli- liranrii la- 
rililifs ail' aNailaldi- lo lonsnll, adyisi* and 
"'MMdy |in Iiininai'y liosiiiris lor insulalioii nork 
n‘ijnii'in^ llio of i-ork. J'.vfry delail ol lln* 
(’.oiklioaid inslallalioii i.^ idanni'il anil i“xrcNli d 
III ini-fl. individual irijiiiri'ini'nls. Oiir (‘-iri’lion 
l■n‘\vs ill your viiiiiity, liaikt'd liy alniosi lifh 
M'ars’ I'xpri ifiii-o, hand I r i.‘aili in.slallalion iiiidiT 
llic iirrsonul supervision of onr in.snlalion engi- 
iieiM'.s. 


For Ininik ainiiionia, ire nr enlil line.s. I’ijii' 
rnvnring anil filliiifj jaikrds firr inidded lo fil 
alisolnlely liglil. 

CORK-FI.OORINCS For hanks. . Imr. Iii-s. liihI 

idVires, elf. 

IJNITFD CORK LA(;(;iN(; Hrvrl. .1 in any 
desireil radius for f-rivrriiig rylinilrieal erjui|i- 
inenl. 


LIMTi:i) .S B.H. (BLOCK BAKFI)) 
CORKBOARI) 

I MTFD'S (airkl.oaril is mV/o pim- roikl.oard, 
inadr In I . S. lUiri'an ol Slandards .spio iln a- 
lions. Ada|ilal)li; lo all iMiisI riiel ion. Fasy lo 
liandle. .Sanilary, remains dry. NNill nol ml in 
iiiidil. Figlil in wei(.^liL fiie |■(■sislanl. eonijiai I, 
i‘i-onomii‘al. Fnssessf.*s ^irealer sirucliiral slii‘ii^:lli 
aiinre ini)i.s|iire-resi.slanl, more llexilde 
ini reaseiJ insiilaling [[iiiililies. liiiled s B.H. 
I Blork-Hakeil) Corklmai d lias unsurpassed 
non-eoniiiii tive value as a eoinniLTeial iiisiilaloi 
for ridd sinrafie jmrpiises and is nnexielliol in 
■lualily or eftleieney. Many and varied li-sis plaee 
idle heal 1:011111101 ivily ol I niled s H. B. iBlmk 
Baked) Corklmaid at 6.1 B.l.ii.’s per .sq. fl., 1 
ill. lliii k per defiree iJiflereriee gsr 
ill lemperaliire per 21 hoiirs or - 0 - 

.267 B.l.n.’.s per hour. 


Mannfailured in slandaril si/.i 
hoards 18" w. x .16" 1.. and in 
ifiii knesses of 1, 11 2, .1, 4 and 

3 ini lies Ollier lliirkriesses arnl 
widlli.s apply lo farlory. 

Write for United s i.urk Insula¬ 
tion Catalog 



IJINITFO’S CORK CfUMPO.Sn lOFN For 

^raskidinn;, .srHlings, shoes, novellies, eli. 

ISOLATION CORKItOARI) For ahsDrhiiie 

viliraliori.s and noise eaiised hy fnjni]i.s, fan.^, 
eoinpressors, j:eiirriiIors. moloi.s. sleani haminers, 
inesse.s, etc. 

CORK .SI*FCIALTIK.S For .speeifie apjdii-a 
linn. 


IIMTKD’S ACOUSTICAL CORKBOARI) 

H UNFrFTJ’S “A eoiislierirk” is 



usually applied IV 2 in. thir k. lias 
high .sound absorplion eo-efli- 
cieney. Cnmljiries noise quieting 
with high irisulaling value. Ea-siy 
In install. .Slruitiirally strong. 
Can he painted to harmonize with 
decorativE seheme. High light re¬ 
flection when painted. Flexible. 


Write for "Acousticork" Catalog. 
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IN'I'KHIJOniJ.HS (f:niitiiiUL>il) 


LEAK DETEL’TOHS 


kr»hlL‘iihi‘rgi‘r Kngrg. CJnrp., IMIII W. (Iiimmun- 
wcalih, Fullt^rtnn, (Jal. [p.HU] 

Niagara Blower Co., 405 Lexlnglon Ave., N.Y.C, 17 

[p. -'*7) 


I{ci;d Pro[iui;I.H iJiv., Hi'fripi-r:Lhiiii 
Nuudain St., Pliila. 4fi, l\i, 
'I'ranc Cio., La CniNNe, Win. 

York Ciirp., York, Pa. 


'iiiKrc. r’r)r|i., 21120 


Ip. IIS] 
(/I. r,^) 


IRON, ENAMELINfi (See SHEET, ENAMELINC) 

IRON PIPE COILS fSee PIPE COILS, BENDS & 
BENDINi;) 

ISOBIJTANE 


Allili AHjl, Cm., W. CnuMl Avr,, C1 iii';;,km, 111. 
f'i.iriHnlidn I nd \'Aifrr\f. Curp . ,''ii:l) ,\. Sir!T;i. .Mjirlrr \ill:i 
I*:iH:idi_Mi!i 8. (.'ilI, 

DiNtilliilidii Prnil\ii-lH Indii.sl rii-s. I)iv. nf Iv.isImiiiu ImuIuU 

Vn.. Hriidii’Hl IT .'i. X.'S'. 

Ccnnral lOlec. f'u., 1 Klvrir Hd., ScliL-inii hidy .'i, N.^'. 
JiiNlrilu Mfff. Cn., 20111 N. Suiitliptirl Avf., Clli(■:l^^ll I I, 
Ill. 

Kobbe Tmba., 114 C. '12 im 1 SI., N.A'^.l'. Hi 
liiTik jVIfp. f'o.. Ncwluii I.MwiT 1 '';iI1h 1(2. M.-ihs. 

T>iiiil(> Air I’nidiictH f’lj.. Unit. dF IJninn Ciirhirln A: Ciirbiiii 

Corij., :in i 2 nii st.. K.Y.n. i7 

Turner HriiNS Wka., SyeiimKre, Ill. 

Ultra-V’inlrt Products. Inc., 14.') Piisiidcn.i .Avi-., S. 
dfiiJi, Gill. 

\':ifuiim-KltM'frniiic Kii]!. Cm., 2iiri-:^i7 SI., HiuMkhri .'i.', 
N V. 


I.'firbidc A Gurboii Gbcmicals Gnrp., Unil [if Uiiluii f.'ar- 
hidr A Giirbnii Gnrp., .'10 E. 42iid St.. N.Y.C. 17 


JARS, REFRICERATOK 

Hall Hrns. Cn.. Muncii;. Ind 

Siiriitli Giliiss Gn., Ihulfnrd ('ity, Ind. 

Anins TliL(in|isi)ii Gorp., pjdinburi'li. Ind. 


JOIN’I’S f.See purllrular lype, i.e., EXPAN.SION; 
SWINC, elc.) 


KEYS, MACHINE, WOOIIRUI'F, i-lr. 

IInln-Kmiiu' SiTiw f'orp., 2.') Hrnnk St., Hartford 10. Gl. 
Set Screw A Mfii. Gt,.. 7r( Main SI., Herllr'IG 111. 
Siiiiidard Sti.M-l iSpi'c.inlty L'n.. Heaver Falln, Pa, 


KNOBS, CON'I'ROLS, ilr (Siu* MOLDED PROD- 
IICIS 


LABELS, ME'I AL (See NAME PLA I'ES) 


LAf:OlJERS (See I'INISIIES) 


I AUiri IMfjr. 1.4)., 1 I .''i.’t \V. lli-.Ltnl \ve.. f'liienrii. Ill, 

; lli||'liBidt‘ GliiTriiciilH Go., 10 f'olf.ix .\vc., Glifinii, X .) 


LEATHER SPiCGlAL I IES 

Aiii'linr Packiiiu Gn., 401 \. Hrria.il .Si,. I’hihi. h, l‘:i. 
Haltiiiiore HellinLr Gn.. 22 S. Gay Si,, I'-a 11 iinnre 2. Vld. 
GhicaKit Hidlini; Go., ll.'t N. Green Si., Gliieimr) 7. 111. 
H. N. C’ljok Iteltini; t.a)., 401 I Inward ,S|,, San I'r.anei.sin 
5, Gal. 

I'elr PrndiiriH Gn,, I.MI.S W. (^■||•|•nll V\e , 1'liieaen 

7. Ill, 

I riHliiT UcatluT Hcitinn ( ‘n., Inc,, n2.''( X. .‘Jrd St., Pliil:i. li. 
Pa. 

(Jarlnck P.aekinv l'n.. 102 11. .M.iiii Si., I'alinvra. X.N . 

■ Graton A Kni^iit Co., 2515 EranUliii SI,, ^^o^L■e^ile^ 4, 

I Masa. 

! 1']. F. llnlU!lilnii (.‘n., ;{()2i . ),ehii.di .Nve., IMiilii. .'fl, 

i 

; Gbaa. A. Scliieron I 'n., 20 l'’i‘rrv ,S|,.. X.\'.(7 
SmitliiTii Hidl.iiin Go., 22|i l’iir8:! l li St., S.^\',, .Mlanl.a 2, 
(jia. 


LIDS, CABINEF. tMc. (See riMHNi:! I'DPS A LlDSi 


I.AMPS, BAC'I'ERICIDAL, GERMICIDAL, ULTRA¬ 
VIOLET. Bit.-. 

.Mcxaiidei-Ta^it InduMtrieh, Ini'., .lackNonvillir Htl. iVr Sum- 
mil. Avi*.. Ilatbnrn, Pa. 

Gr)li‘niaii-I'etlerwnri Gnrp., 21.'I0 Si. Glair .Ave., (‘lev'eland 
14, O. 

Friglduire DIv., Gbii’I. MDliira G,iirp., Daylnn I, D. 

fp. 17 ) 

General I'^lei*. Go., 1 Hiver IIli.. Seheiieidaily .'i. N.V. 

Ilanovia GlieiniL'ii.1 it MFk. Go.. I’hcHtinit .St. A X"..I.Il.R. 
Avi;., Newark .'i. N..I. 

Sperti, Ini'.,, I{ni-kw niid PI., Gineiiinal i . (). 

.SyK'iiiiia Mleelric I’rndurta, Inc., 1740 Hroadwav, 
N.V.G. Ill 

Ultrii-Violet Prinlucta, Iiie., 14.') PaHiiilenu Avi*., S. Pnaa- 
deiia, (tiI. 

WeBtinirliouHi! Idee. Gorp., IMe.Arlliiir .Ave., Hlniimlielil, 
N.J. 


LAMPS, ELECTRIC 

(leneral Idee. C’r., Ndii I’ark, Gleveland 12. I) 
WeatinKliouBi! Klee. Gorp., Illnonifield, N..I. 


LAPPING 

Aeine Induatrial Gn., 20.5 N. Laflin St., GlueagD 7, III. 
(Gniitraet) 

Grani* ParkiiiK Go., 1 SOU Gii>'ler .A^■[:., Gliipafcn III, 111 


I.ARD CHILLERS 

IlBut-X-CliangBr Co., Inc., Brewster. N.Y. (n. /2(0 
Knell llutchera' Supply Go., GOO K. I4tli .Ave., N., IvaiiBus 
Gily IG, Mo. 

Vnlaior Div., Girdler Gorp.. I.ouiBville 1, Ky. 

XL UefriKeratiiiK Go., 1842 W. .'iOtli Si., Gliie:i|;;i) .'IG. HI. 


i LICHTINC: PLAN I S (See ELEG FRIG i;ENI:RA- 
! rORS) 

j 

1 LICHTINC, Ul/FKA-VlDld/l (Set* LAMIVS, llAG- 
i TERICIDAL) 


i LINERS, REFRICERATDR 

I H. II. Hisliop Gl)., lO.'l N. 2iid Si., Ghainpaikui, III. 
GrMiid!il-.Stoni.* Div., Hrewer-Titi4iener Gnrp., .'{Uli GniiH. 
.St., llin^liiLiiiI nil, N.^'. 

IiiKraiii-Hir.llurilHnn Mfii:. ('n., I te.'i \er I'.iIIm. Pa. 

Motors Metal M/k- Go., .'i'i.'lG Milford Avi*., Delmit 10, 
Mi ell. 

DwBiiN-Gorninii riberglus Gnrp., 21112 Nicliolas 
! Bldg., FiileiJn I. D [p. / .M 

j Panelyte Div., St. HetiiB Paper Go., 2.20 I'ark Avo,, N.A'.G 

i Stiikra Mnliled I’rodueta, Inc., 'Fiivlnr at WebHter St., 
I Trenton 4, N..I. (Hard Rubber) 

I Amos'Flioni|iHiin Gori)., ]‘ldiid)iirKli. linl. 


LINING, REFRIGERATOR 

Pacific Lumber Cn., 100 Hush .St., .San Francisco 4, 
CnI. (7). IS,') 

Tylac Gn.. Greeley A llitdi St., M uiilii i'lln. III. 

LIQUID COOLERS (See BRINE CO (JEERS; also 
WATER LDDLERS, cic.) 


LIQUID INDICATORS 

Allin Mfg. Co., 1153 W. Grand Ave., Gbirago, 111. 
Gce-Kleer PriKiueiH. Inc.. 047 W. litb Si.. Ginciniiati 3, G. 

Fine PrnductH (u)., 1H5 N. Wabash Ave., Chicago I, 
Ill. (;). 

Frick Co., Waynesboro, Pa. (p. .W) 

Henry Valve Co., MelroHc Park, Ill. (p. I.'J) 



LIQUID LEVEL CONTROLS 
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Imperial Brass Mfft. Td., 5.<7 S. Kairiiie Ave., i:hl- 
cagi) 7, 111. (;». }fi7) 

KerulesI Mfg. Co-, 2525 Llberly Avc., Pittsburgh 22, 
Pa. (/I. 

l-iinknniifinii.'r Cn., Hi.‘i*lvni:iii 8t ., it Wavi'rly Avi*., ('iii'li 
M. 0. 

]\t:iiiiipri JiniHB Pjitiliuis C'li., 1111 N. I'l-ankliii Si., I'lii- 

r’:if2;n 11), 111. 

Maeiit'lrr)!, liii'., 21 If) S. AlarHlitiM IHviI., fMiiragn 2.'1, ill 
^lul*llLT llrasH (^ 11 ., Purt ITiirun, Mich. 

Niilhaii Mfg. Cd., 4111 K. lOlith St., N.Y.C. 2!) 

Heincu, Inc., Zellenopl l\ Pa. (;>. !4l) 

Clyrii.s Shank (In., ii2.( W. Jacksnn Hlvd., (llilragi) (», 
111. l/i. Y,ki) 

Superirir Valve & Fitting.s I’.ii., 1509 W. Liberty Ave., 
Pittsburgh 2(i, Pa. (p.JiLi) 


LK^IJID LEVEL CONTROLS (See CONTROLS. 
LIQUID LEVl'X; aLsii II1(;IIS1DE FLOATn; also 
LOWSIDE FLOATS; also FLOA'I S; also FLOA1 
SWn CUES) 


LIQUID LEVEL INDICATORS (See (.AUCES, 
I.IQUID LEVEL) 


LITHIUM BROMIDE 

l)in\ C!lieniifal Cci.. Miillaml, Mich. 

,‘>urf:i i;c I'miilHiHliim ('nr|i., 2;i7.'!i Diirr St.., ’I’lilriJn 1. I ). 

I ITIIIUM CHLORIDE 

MalliiicUrDill (Mii'inir'al W'ka., 2iul it Malliiinkrotil !^(,,.SI. 
l.vHjif), Ml). 

Surfai'.i' ( umhuHlii)ii Ctirii., 2.'175 Tlarr St., T'ltli-do 1, (). 

LOCKERS 

.\ll’Sl.(M'l I'jjiiip., Inr.. K'eiisiiiglDll .\vi’., .Aurora, III 
ITick Co., Wayne.sbriro, Psi. (/). .'</) 

I'ltirilA' EouiIh J'liiiiij). f'l),, .‘Id.') Ih'iiHoii IHvil., Sioux f.'itv 

i.T. Ta. 


Kiii[;kerbi)i'ki-r Slaiiiping Co., ParkiTfibiirg, \V. A'li. 

, i/OckiT Kiigra. t'o., .'121 N, Lji C'iciiKu illvii., Los AiiRi'lfH 
.‘Hi, I’al, 

j Masler Mfg. L'orp.. 11!) Main St., Hious (.'ity 4, la. 

■ Hepublic .SliM‘| Corp.. Mopiiblii- Hhig,, UU'vi’lanil 1, I) 


Ciirbiii ('al)iiiet Eoi'k Div., New Ilritiiiii, 1'!. 

.\;ili(i:i:il i.nrk I'n.. 7lli Si.. A IKih Avc Uockl'uid. III. 
Staiiilunl-Kcil Ilanlwiirc Mlg. lH., Inc., (i!)!) Ilrnadway, 
N.V.U. 12 


LOUVRED BAFl'l ES (See COIL BAFFLE AS 
SEMHLlK.Sj 


LOUVRES (See ulsn SIIUrFERS) 

.Air it Kefrigi ralion I’orp.. 47.^)-.')!h ,Avi“., N.V.C. 12 
.\iiirrii-:iii ('iiolair ( iirp.. .dlDri M ii vMowrr .S|,,, ,hi i liHnnvil Ic 
Fla. 

Arex I’ll, N. Michigan Aci*., ( 'lili-ago 1, III. 

H.irhil-I iihllall l‘n.. Ilnrkliil l. Ill 
hurt Mfg. ('o.. !);t2 .S. IJigh Si., .Akron I I, 0. 
iC. K. Uaiiiphcll Healing ( a)., ISD!) Miiuchi'nlcr SI., Kan- 
sa . f 'i ;.y M. Mn 

niliniorid Mfg. ('n . W yniiiiiig, T‘a. 

f'laglc l*':-'irr Salr-,'^ l‘ii., .Aincrii'an Mhlg., Cin'li. 1, D. 
Electrnvent Fjin it Mfg. f H., .SI2 1-akc St., ( ‘hjciign 7, 
111 . 

CiLaiLMal Indu.ilrii's I'n,, Oliv'i' it ravhir SIn.. Elyria, 0. 
Lockjninl VV'nnfl IVodilcts Co., W'irliila 7, Kiiii. 

Mc(.Uiay. Inc., I(illl) H’way, N.E., MlnniMpnlls 1.1, 
Minn. l/). 

Midget lionvi‘r Co., 7 Wall St., Norwalk, Cl, 
llcrioaM NcIhoo Itn., \oo’ro-;iii An I'lllcr I'o., lio‘,, 
I.S2l-:ini Av., .Mnlirir, III. 

II. II. rtf)bcrlHori Cl)., 2401) I’arnoTB Hank IJlilg., Pills- 
biirgh 22, I'a. 

Sw.arl wont I'it., iSAl I Eiicliil .\\ r., 1'lovciaoil 12, 1). 

I’ilil.s .Mfg. (’orp., Walriloo, la 
.Aiiiris 'I'bonipSDii (airp., J‘aliiil)iirgh, Ind. 


Get MMCO’S E'Z'SfC 

LIQUID INDICATORS 

To Insure GREATER PROFITS 


E-Z-SEE, unlike convenlional liquid Indicalort, 
has spring-compenialcd, leak-proof goiliBli 
□ nd "flooling" high pressure Pyre* glass Id 
assure yuu ihese advanloges: 1) Fartaclly 
lafti —glass pralecled from damage by 
unique slalling arrangemenl, safe □! pres¬ 
sures lo 5D0 Psi. 2) teok Proof—can I leak 
because springs a ulom a lically mainlain 
proper force to form poiitive leal around 
glass. 3) E Z lo-iee-ffiru—bofh sides of body 
are open la lei in lighi through tubular gloss. 


Available in Harp slTrii ' 4 " 
thru ^n" with both nndi 
male, une enU male and nnr 
end Ipmalo and In DD sweat 
.sizes ^h" thru Um". 


Send for 

Lileralure and Prices 



Well CddiI Warehoute: 2103 So. San 
Pedra, Las Angelas, CdI. 

Eaporl: Mahhior, Armilrong, 
Dessau, Ridgefield, N. J. 


REMCO 


lILIINDFLi PIMMITLVAMIA 


iirENR~Z 


DIAPHRAGM PACHLE55 
LIQUID LEVEL GAUGE 


#^41" I'J 



Hi'iinr Dliiiilir.'igni TSicIiIcnh 
V iilvii.s lUill/.ial hi un Ini 
lirovcil loiiiui- t^liiH.i iiHsi-iiilily 
fnr iiHf> nn riirylvcrH, oil respr- 
vrilr.^, nr .slinilDr vi's.si'l.s wlicrr 
II 1h llJionitiiiit In liri’p hi' 
niruli' lifinifl Ir-vi-l t-hiT'lc 
Ilei-ninriuairli'il fnr InsI iilliil Irinn 
ItiviilvIiiR Niirglng or HiiluNliIng 
williin till' vcNM'l. 

VaUavs liarUHi'Hl liiK. Itla 
phragrn.'i rioiy he hiHiii'Ctiol nr 
roiilaccrl wllliniit In ,mb of 11- 
OUlrl. In r/jaL* of gln,s.M hrcalt- 
Hgi*. llr]iilil cannot c'nChdi' 
Itrciiiisc Barely hall rlicfliK himiI 
nir giiiiKM iilaHN. Illufi prcMMire 
lulilriK iiroli'ficil by Htiinly 
tnctal Hiiarrl. PntirorinH with 
all H:ircl.y rnilu ri'riulrciiiciiLa. 

Write For catfllog 

HENRY VALVE CO. 

MBlroBD Park, llllnole 
Suburb of Chicago 


APPROVED FOR USE BY THE ARMY > 
NAVY • COAST GUARD AND THE 
MARITIME COMMISSION. 
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PHILLIPS 

FLOAT CONTROLS 


701 F.tiI Vr.lv 


Cll()(lLi'lL-S. Up 
to I'OOn 



Thp No. 701 fet'd 
vnive D|it'roles by 
il nienns of Ibe vciryinn 

v ar 

pressure in ci power cyl 
I n cl e r above I ft e piston. 
Pcrlrrl modulaied ciclion 
obkiincH on floocled syslenis 
wlipri used in conjunction willi 
eilhci \^o. 300 HP or No. 100 
VP fbnl conlrols. No. 701 Feed 
VliIvl’ nioy nl.sn be used with thei- 
rrial e^pcjnsion oi nincjnelic solenoid. 


1011 VP Pilot rienl Vdl 
Wi-IiI.tI Chiiiiil) 



I hr Nu ini H.oiintr t 
Ihc R11.1I1I p!'iniit'> I 

mill r hfimlii'i iinl'.irli' t 
A[l|i/',l[il,ilr.’ litiMirl If'vfl 



I LOWSIDE EQUIPMENT (See particular type) 

LOWSIDE FLOATS (See alno FLOAT SWITCHES) 

, (A—Ammonia; B—Other refrigerants) 

i (A,B) Frick Co., Waynesboro, Pa. (/j. j/) 

i Maenetrol, Inc., 2110 S. Murslmll Plvil., CbinnKo 2.3, 111. 
! (i\,B) II. A. Phillips & Co., 3255 W. Carroll Avc., Chi¬ 
cago 24, III. ^ {p. IJ,^) 

; (A.B) Kccd Products Hiv., llifriKcraiion Eiiftre. Curp., 
2020 Niiiuliun Si., Pliila. 40, Pa. 

(A.B) Vllter Mfg. Co., 2224 S. 1st St., Milwaukee 7, 

I Wls. (/). :i:H) 

' (A) Worthliigtnii Pump & Machinery Curp., Harri¬ 
son, N.J. ip. 144 ) 

j (A,B) York I'orp., York, Pa. (p. 77) 

i 

i LUBRICANTS (See GREASES, OILS) 

! LUHRICA’l'ORS & LUBRICATING SYSTEMS (See 
also GREASE CUPS) 

.■MKiiiite Div., Stewnri-Warner Corp., lS2(i Divcrsi-y 
Pkwy., CiiicuKii 14, 111. 

• lUjur Tiiiliriraliii^ f'lriji., l.al W i-st J’iisHiiii' Si., Hni'lii'lli- 
J’lirk, N..I. 

I Hawser, Inc., 1302 E. (TeiKhton Ave., Ft. Wayne, 2, Inil. 

('r.*nBr)liilatcd PriiHS ('o., l.'l!) .Summit, Dr'trnit !), Mii-b. 

I ndlji I'aiKrjc- SalcH f H., P.f). Mnv li7H, Sliri'vi'pnrt, L:i. 

' Farval Corp., 32(i3 K. SOt.b St., (..'Ii'vi'IjitiiI 4. 1). 

Frick Co., Waynesboro, Pa. ip. ill) 

i Hills Mr.r'iLTina laj., 3020 .N. Wi'hIitii Ave., Cliifajrri IS. 
111. 

I Kcystrine Tiuliricaliii|>; ('n., 21at A’. 1 .ippiiii'nl I Sis., Pliila. 

' 32, Pii. 

I l.ineriln En^rK. Co.. .'i701 Naluriil Hriil>ii> Ave., St. Louis, 
Ml). 

,1. I'L liOnerKan ( ai., 2nd it Jlace Sts., Pliila. I», I’a. 

laiiikenheimor (’n., Hi'i'kinan St, it Waverly Avr.',, (.'iu'li. 
14. f) 

Mildison-Kipp f’ori)., 201 Waubesa Si., MailiMon 4, is. 

Maiizel, Inc., 30!) Maberii k Si., Huffaln 10, N.V, 

! Nailiaii MIk. Co., 411j 1L lOtilli St., N.Y.t.!. 2!) 

C. Norifri'n, 222 .Staita Kr* l)rive, Di'iivcr, Cul. 

\Vm. W. NuRtMil it Co., Inc., 410 Hcrniiiace .Avi ., Clii- 
ciago 22, Til. 

Oil Rite Corp., 34(30 S. 13lli St., Milwaukee 7, Wis. 

PauHidiR Airbrush Co., IDOD Divi'Tsey Pkwy., CliieiiKo M. 
III. 

Swift Lubricator Co., Inc., lOl Huine St., Elmira, N.V. 

'rrabon EiiKrK. Corp., 1814 E. 40l.li SI., Cleveland 30, 

O. 

'I'rico Fuse MIk. Co., 2048 N. .'itii Si., Milwauki'i? 2, \N ip. 



FOR “FREON” 

Tilt' No. 701 feed Vnive i'. n pilot con 
11 n 11 e iT p I I o n vnive n r I u n I e d by 
picssufcs in llu’ power tylinrict, 
nn.nuse of d'^ quuk rind ipspon- 
'.rvc cithori, fhe 705 VP SC Pilot 
15 I e c D in iTi c n [,j r ci for ideal 
inndu InIrd ricl 1 on of t cf 11 ci 
j n r n n I. 

i Cnpiifilips Up '0 lODO 

' T n n . 



Wrib.’ ior mliilot; 


I LUGS, TANKS 

j Arrow Tank Co., Inc., HI Harnett .Si., HufTiilo 1.*), N.Y 
1 Lakeside Malle,able Casiiiiits T’d., Hacinc, Wis. 

; MAGNESIUM GHLDKIDE 

Dow' Chemical Co., Midland, Midi. 

E. I. dll Poiil, lie Nemnur.M it Cn.. Iiir., W iliniiijri im M8, 
Del. 


MAGNETIC VALV ES (See SDLENDID VALVES) 


I MANIFOLDS 

' Frick Co., WayiiesbnrD, Pa. ip. .it) 

Imperial Brass MFg. Co., 537 S. Racine Avc., Chicago 
7, III. ip. /0 7) 

Kerotest Mfg. Cu., 2525 Liberty Ave., PliLsburgh 22. 

Pa. (p. J^^/3) 

Mueller HrasH (To., Port Iliiron, Minh. 

Superior Valve & Fittings Co., 1509 W. Liberty Ave., 
j Pittsburgh 2fi, Pa. ip. iiii4) 

! Weal.liprlu'iad Co., 300 E. Fllsi Si., Cleveland 8, 0. 


H. A. PHILLIPS flc CO. 

3255 W. Carroll Ave. • Chicago 24, Illinois 
desKmNErs /ind engineers 

II£fll/CtR.4r/ON CONTROL SYSTEMS 


MANOMETERS 

Hailey Meter ('0., lU.lU IvanliDc Hd., (Tlcvdand 10, O. 
Hrown InBirument Co., Div., Minneapolis-Honeywell 
Reinilator Co., 4414 Wayne Ave., Pliila. 41, Pa. 
Builders-Providencp, Inc., P.t). Hox 1342 Providence 1, 
R.I. 
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] rriKiui-ls lnduF<t.rii-ts. T)iv. nf iiimh 

Kodak t\)., It, N.V. 

J' . DwviT Mfg. L'd.,.'V|,') S. AN i'nIi'I’Ii Aviv. I'hi(':i^ii ll.’. 
Ill, 

MayB Corp., MichiRiin City, Iiid. 

I'l. Hill lV I'o., r>H2H W. I li^lihuid .Avi* , rliii aj£ii 

:u, HI. 

MaiuiinK, MaxwL-11 iV .Moore, liie,, II k’.li.aB Si... HridRe- 
port ii!. t'l. 

Meriam IuHtruiiient Co., 1()!)20 Madiaoii Ave., Oi*veliiiuI 

2 , 0 . 

I’riM’iBiDn 'I'htTinnniel er iV iiiHiniiiieol ('o., 1442 liraiidy- 

wine Sc. Pliila. 3(1, Ha. 


MARGARINK CHILLERS (See LARI) CHILLERS) 


MATERIAL HANDIMNG EQUIPMENT fSec CON¬ 
VEYORS) 


MEHALLIONS (See NAME PLA TES) 


MEMBRANES (See VAPOR SEALS) 


MESH, METAL (Sbe WIRE CLOTH) 


ME TAL SPECIALTIES (See parHcular llEm) 


METAL SPINNING 

Cliie!in:o Fltml W orkp., 1 lie.. -484(1 Soul li Si. I.ouip, Cliirajto 
^ 8 . 111 . 

L. F. Gniiiiiiii'S ife Sduh, Ini;., .'Ifiri Union St., Allfiiilown, 

I’a. 

Keiiliiore .Mai-liiiie Hroiliii lB, ho-., IT) I )epew .Ave., 
iiyoiip, N.A’. 

Mayateel J’rndurtH, Inc., 1.T5 W. VVeIIb St., Milwaukee .'I, 
WiB. 

\ . I',. SprouHi- I'o., Iiie., lHI)4-22iul SC, ('oluiuliiis. Inti. 

Superior .Spinning it .Stamping f^o., 40.*»7 Fitoli ltd., 'To¬ 
ledo 12, 0. 


METAL STAMPING (Sec STAMPINIHS) 


METAL. HEARING (See HEARINi; MATERIALS) 


METAL, LAMINATED 

(jrOJicral T'ltite Div., Metals it Contniln Ciirp., Attiuliorn, 
Mobb. 

Ilevnohlp Meiiilp (‘o., 2lll)() .S. !llli .si _ l.ouiNvilie 1, Ky. 

METAL, PERFORATED 

Hrintol HrriBB Curp., UriBlol, Ct, 

ChaBe MraBB it Copper Co., 2.'4ri firarid St., Watcrliury IM, 
Ct. 

Chicaico Perforating Co , 244.'5 W. 24th Place, Chicago 8, 

Delroit Stanipiiig ('o , IlH Midlanil Ave , Delroil It, Mich 

Diamond Mfg. (Jo., WyDining, Pa. 

Erdle Perforating Co., 171 York Si., lloeheHter 11, N.A'. 

Harrington it King Perfiirating Co., .'jli.'S.’i l''illiriore ,Sl,, 
Cliitiago 44, Ill. 

Ileiidriek Mf';. Co., ('arlioiiilah-. Pa. 

Manhattan Perforated Metal Co., Inc., 4.'t-17-;i7th St., 
Long Island City 1, N.Y. 

I'ldw. Rennehurg it Siins (Jn.. 2(11414 HoHtrin SC, RalLirnnri' 
24. Md. 

IlnbinB Conveyors Div., Hewitt-Robins, Inr-., Passnii', 
N..I. 

C. S. Register Co., 1444 I']. I4urnh;iin SC, T4!iMle Creek, 
Mieh. 


METAL, THERMOSTATIC (See THERMOSTATIC 
BI-METALS) 


METERS, COIN OPERATED 

('olloid Eipiip. C«*., Inr.. fif) Cluire.b SC, X.A’.C. 7 
CiBneral Elec. Co., 1 River Rd.. Schenectady fi, N.Y. 
TnierriBtional RegiBtcr Co., 21120 W. Washington Blvd., 
Chicago 12, Ill. 


METERS, electro: 

I Bristol Co., Waterbury 20, Ct. (Recording) 
j R. \\ . I'miiier Co., Ini-., (’i«n I iTbrook. Cl. 

! I'iSlL’lline-Angus Co., liu.. P.D. Box .'•'.Hi. Indpis. I), liiil. 

I Ceiieral Elec. Co., 1 River Rd., Schenecljidy ft, N.Y, 
.I-P-'T hi.il rumen Ifi, liii-..44l I'linpel SI., Nev^ Moveo S. 
I 'l 

; Saiigaino iJlec. Co., Springfield, Ill. 

: WestiiighouBf Elec. Corp., PLane Drnngt; Sis.. Newark 
' l.NJ. _ 

\\ estoii Elee'l. Insi.ruiiienI Corp., lll-t Freliughuysen .\ve., 
Newark ft, N,.I. 


METERS, FLOW 

Amerii-an Dislriel Sli aiii i o , hry-iol .'-'l ., . TouovmiioIii, 

I Badger Meter Mlg. Co., Milwaukee 11), AVis. 

! Hailey Meter Co., lO.ftt) Ivaidioe Rd., Clevelanil 10, D. 
i BnBlul Go., Waterbury 20, Ct. 

I Brown Instruinent I'o., Div., MinneapoliH'IInneywell 
I Regulator Co., -4414 VN'ayiie Ave.. Pliila. 44, I'li. 

I Buildcrs-Pruvidcncc, Inr., P.li. Box 1.'442, I’rovidence I, 
j R.l 

. Fischer C T'orter Co.. Hatbnro, J’a. 
i I'nster l.'ngrg. Co., SM.A Celogli .Ave., I'liion, \..l. 

■ F'lxbi'-ti '■o.,;4S NeiioiiHel Ave., |''o\lioro, Mii.sn, 

Claud S. l.irirdon Co., !10(M) S. Wiillaee St., Cliirago Hi, fll. 
llaslingH IiinI ruioeiil. Co., Iio'., Su|i>'i' lligliway it Pine 
j .Ave., lIaili|i1on, \ :i. 

I Hays Corn., Mir.liigan I’ily, Irid. 

I HenH/.i*y Co.. 202i N. Wal.er SC, Wulerlown, Wis. 
i MiiMon-Neilan Regiihil or I'n., 11 HO Ailinn.H SI ., Mo.hIoii 24, 
Mohs, 

, Meriam Instruinent Go., 10II20 MadiHon Ave., Clevelanil 

! 2, D. 

! Mlnneapolls-Hiifieywell ReAulalur Co., iV39-4lh 
i Ave., S., MiniiciipuliH 8, Mliin. (7>- 

! NepUiiie Meier Co,, ftll \N . ftOl.h Si.. N.A'.C. 20 
' PittRburgh Equitable Meter Div., Knekwell Mfg. Ci)., 41K) 
! N. I^xington Ave., l^ttnburgh H, I'a. 

j RootH-f';orin-.^r8ville Blower f 'orji., IM). 14ox .'427, Connnrs- 
I ville, liid. 

I Scliulte lA Koerliiig ('o., (‘oniwellh lltivhi.s, llufk.ii 
I Couiily. Pli. 

j 'Taylor Instrunii'iif Coh,, Oft .Ames SC, lloeheHter 1, N.A . 

WorlliliiUiiin Pump 8i Mni'hlnery Corp, llarrlNiin, 
i N.J. (/! 


MEIERS, RECORDING 

Badger Meier Mfg. i:o., Milwiiuker- 10. Wih, 

Bailey Meter Co., lOftU Ivanhue lid., Cleveliirid 10, D. 

Bristol Cn., Waterbury 20, Ct. 

Brown IiiBtruinent Cri., Div., MinneapoliB-Honeywell 
Regnlalor Go., 44 14 Wayne Ave., IMiiU. 44. Pa. 

Huildcrs'Providerif:e, Inc.. Div.,P.D, Box 1.'442, Providence 

1. R.l. 

Collmil C.piip. Cn., loe . .All f'lioni, SC, N.Y.C. 7 

Eftlerlini! Angus Co.. Ini-.., I‘.(). Box ft'^Kl, InilplH. (I, Ind. 

Fischer & J’orter Go., Halboro, Pa. (Flow Rate) 

Foxbnro Co., .'48 Ne|ioii.Hel .Ave., |-'o\))oiri, .M:ihh. 

Hays Corp., Michigan City, Ind. 

.MMHOii-.Ni'ihiii I4egul:ilnr f'o.. I 1 !IIJ Ailii riin Si ., MohI iiii 24, 
Mmhh. 

MlnncapollB-Honeywell Reflulatur Co., 29.1.4-4th 
Ave., S., MlnneapnllH H, Minn. [p. f!7) 

RDots-fumiiRrflvilh; Blower Corp., P.D. Box :427, Gonners' 
ville, Ind. 

'Tagiiiibiii- IiiHtriinieiilH Div.. WchIoii Eli-elrieal IriHtro- 
iiienl Gorp., (il4 Freliiigliuys'-ii .Avi'., Newark ft,N..). 
I 'Taylor liiBtrument Gns., Oft Aincis Si.., Roe.liester I, N.A' 

I WcBtiiighouBO Elec. Gorp,, I Line A Orange StB., Newark 
I 1. N.J. 


I METERS, RUNNING TIME 

i Brifltrjl Co., Waterbury 20, Ct. 

! riollfiid F'.iiiiip. Cn., Ine., .ftO Cliure.h St.. N.A\C. 7 
I R. W. f’ramer Co., Box 2ft, Cenl.crbrook, St. 

.1-B-T IiiHl rurnentH, Inc., 441 (.UiHpelSl., New Haven S, 
j Ct. 

j WesliughriUHe Eleelhc Corp., Plane A Orange SIb., 
.Newark I, N.J, 
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Worthinglon Pump and Machinery Corp. 

Air Conditioning and Refrigeration Division 
General Offices: Harrison, IS.J. 

Dislricl Onires and ReprcsenlalivcB in Principal Cilies 

WORYHINCTON 



Refrigeration Systems for Air Conditioning 
Industrial Process and All Other Applications 

Complete refrigerating systems for use with Freon-11, Freon-12, Methyl Chloride, AriiiiiDiiia or Car¬ 
bon Dioxide, either direct expansion or water cooling applications. A complete line of refrigeration 
compres-sors, permitting impartial recommendations. A nation-wide organization of distrilnilors in 
major cities to provide sales and engineering service and to plan complete air conditioning systems 
of the central or unit lyiie. Architects, engineers and contractors are invited to consult with us 
Write to Harri.son, NJ., or to anyone of our district offices for information on these products. 

VERTICAL AMMONIA COMPRESSORS HORIZONTAL AMMONIA COMPRESSORS 

Pres.sure-lubricated, roller 
main bearings; safety 
heads; patented Feather 
Valves; belt drive or di¬ 
rect connected to electric 
motor, diesel or gas en¬ 
gine; sizes 3 X 3 to 10 X 
10, 2-cylinder. 


SELF-CONTAINED FREON-12 


Single and duplex; single-stage and two-stage; 
belt drive or direct connected to electric motor, 
diesel or steam engine; patented Feather valve.s; 
ratings from 60 to 1000. Automatic capacity con¬ 
trol features are easily applied. 

ICE PLANTS 


CONDENSING UNITS 








^. 

Capacities from .1 to 12.? tons. Condensers are 
highly efficient multi-pass shell and straight tube 
type. Condenser heads readily removable, making 
tubes easily accessible for cleaning. Small sizes 
have condensers mounted in base; larger units 
have condenser mounted above compressor and 
motor. Minimum .space required. 



Ice plant equipment of all types, including com¬ 
plete refrigeration machines with Worthington 
gas engine, diesel engine or steam drive in one 
unit. Also, motor or belt driven compressors. Ice 
tank with loose can or group lift. High transfer 
coils in brine race or brine coolers as liest suited. 


Ammonia Absorption Refrigeration Machinery 
All Types of Auxiliary Equipment, Condensers, Coolers, Fittings, Etc. 
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Worthinglon Pump and Machinery Corp. 


CENTRIFUCAI, REFRIGERATION 
WATER COOLIING SYSTEMS 



Frerm crnlrifuual rompressor, vviiler runler anil 
waler-iuiulecl nimleiiSLT in tomparl unit assembly. 
FliLlric mnlnr or steam turbine drixe. .Sb unit 
>i/es ... l.SO In 1200 Inns. 


EVAPORATIVE CONDENSERS 



nOOSTER REFRIGERATION 
COMPRESSORS 



vviib (a»nii)re.s.sii III nr alism 
leins. 


Multi ISlinder sin- 
t;lE-ariiii;^ lor Ca- 
paeities up to 400 
i' 1 m . II n r i z n n I a 1 
double arling for 
larger capaeily re¬ 
el u i 1 e III e n L s. D e - 
signed to |»rnducc 
anil maintain low 
eva[)orator pressures 
retiuiied for low 
lem|)craliire applica 
lions in conjunction 
lilinn rcfrigernlion sv's 


PRODIHT COOI.ERS 



l).\ ami lirine .spr.iy Ix’pe units in many sizes and 
arrangement.s. ('apacilii’s from 2 to M Ions. Air 
rirrulalion ralis from 2000 to Ifi.OOO i fm. Ser 
lionali/.ed ron.siruction will) removable |ianels. 
Finneil nr bare |)ipe coils for use with Freon or 
.\nimonia. 


Series KCZ Freon-12 illu.^^lrated. 10 to l.SO Lons 
refrigeration. Units of seclionalized conslruclirm; 
all parts easily accessible. Galvanized steel coils 
for ammonia. Hare copiier coils for IrEon-12. 

CONnEN.SERS AND RKINE COOLERS 

_ Mulli-pa.s5, as illus- 

“ t ratefl for closed sy.s- 

tems and space sav- 
, ing. Heads efficiently 

} § bafilcd to produce 

high liquid velocity. 
Vertical “Spira-Flo’’ 
types provided with circular water box and .spe¬ 
cial water distributors. Flighly efficient, easily 
accessible for cleaning without interfering with 
condenser operation. 


AMMONIA VAEVE.S AND FITTINGS 



Smaller sizes of all steel construction. Larger size 
valve bodies, ells and lees, close grained iron. 




METHYL CHLORIDE 
146 MOTORS 


METHYL (:ilLUKII>E & METHYLENE LHLORIDE 

Annul Chemical Cn., Marinette, WIs. (p. //J) 

Dow C/hcmical Co., Midland, Mich. 

K. 1. du Prnif. di* Ni'mrjurH A Co., Iiii-.. WiliniiiKton !IH, 

Dll. 

Enton Chr-niiralH, Iiir., .'IHK) E. ^lUh St., IjOB .\iiKt*li“8 2‘.i, 
Cui. 

Virginia Smeltlnft Cu., W. Norfolk, Va. [p. ,i,>) 


MILK COOLERS, CABINET TYPE 

Carrier Corp., 302 S. Ceddes St., Syracuse 1, N.Y. 

(p. J'l) 

f/herr^-Hurrell t^urp., >127 W. Uandiilph St., ChiraK') t'. 

Creamery Packafte Mfk- C^o., 1243 W. Washington 
Rlvd., Chicago 7, Ill. 

lOscn C'abiiipt C^o., WeRt Clipstor, Pa. 

lOvLiiin MFk I'nrji., 4111) S lOlli SI . Ml. \'imiiiiii. N.V. 

Kriglilalri* HIv., Ccn'l Miilors Corp., Dayton 1, O. 

(p in 

Ideal Collier Corp., 2!iriH KiirIiiii Avc., Si. TiOuiR fi. Mo. 

Iiilernatioiiul llarvoBliT C’u., IHU N. Michigan Avi*., Chi- 
naan 1, Ill. 

T^a CroHHB CnnliT f’n., 280!) Lnsfy Hlvd., S.. lav CroBHi*, 
Win. 

MaatBr-Hilt HidriRLTiiliDii Mfn. Co., !I20 Palm St., SI. 
LnuiR 7, Mn. 

IViiliniinl Hi'frin:rr!il urn I'll , Mi:7 Kiii-lii \\i' , Si. Lhuir 11, 

Mu 

Kmil StrinhiirRl ife Sons, Inc., 1112 South SL, Tltira 
N.Y. 

Tfiiili*!! l{i‘rriKi'riit or Cu., lluilHun, Win. 

Victor Produc.tB Corp., DUl Pope Avc., TlagiTHtown, Md. 

\N I'HliiinliouMi' Mli'i'. Corp , nri:5 IllviL, SiiriiiKhi-lil 2, 

Mh hr. 

Wilenn Hcfriacratinn, Inr., Div. of WilRoii Cabinet Co., 
Inr.., Smyrna, Del. 


MILK COOLERS, SURFACE TYPE iSee WATER 
COOLERS, HAUDELOT TYPE; 


MIRRORS 

Hunker tiliiRN A I’aiiil & MIk. Cu , firi!) W. WiiHliiiiKl on 
Mlvd., ('liii'jLKo, III. 

SL'iiinn Haelie ik Cu., (i.'Ui CrisHnwii’h St., N.Y.C. If 


MOISTURE INDICATORS 

OavlHon Chrmirul Corp., Baltimore 3, Md. f/i. SI) 
Mrlntlre Connector ('o., 252 JefferRon St., Newark 
5, N.J. (p. Sfl) 


MOLDED PRODUinS, PLAS'PIC 

\iii'hur PliiRliiR I’n., liir., fiHH Canal SI., .N.^^C l.'t 
Itakelitc Corp., 30 Fj. 42ml SC, N.V.C. 17 
CamhridKi' Muliled PlantifR t'u., t^’lInbririKe, D. 

('liii'aKn AfnldiMl Produels Corp., 1020 N. Kuliriar .\ve , 

CiiirfiBo, III. 

CreRfenl PlaHlii’R, 303 Ist Ave., JCvaiiRville, Ind. 

Culler-l lamiiier, liii'.,.'Hri N. 12th Sc, Milwaukee 1, ih 
C eneriil .Amerieun TrariHpurtaliun Curp., 135 S. La Salle 
SC, CiiieuBu no, 111. 

Ceneral lOlertne Cn., 1 lliver Ilil., Scln-neeliuly 5, N.^ . 
(■uiiiTal Electrii' Cu., IIM) Woodlawii Avi*., PitiHfielil 
M HRR, 

lleiieral IndunlneH Cn., (Hive A Tiiylur SI , Elyria, I) 

I iilH MuldiiiB I'lJi-p., 4lilHI W. Iluruii SC, CliiraBu 1, III 
lluumer I’ardmal Cnrp., liOl W . Eirliel \\-e., ICvaiiHville 
7, Iiiii, 

Kent Flantien Cnrp., 1529 N. Fiiltuii .\ve., Evaiir<\ ille, 
Ind. 

Mark Moldina Co., .\rlinKlim, A"C 
Nalioiiiil liuek Cu , llurkrurd. III. 

I’aiielyle Dlv., St. llejsiR Paper Cu., 230 Park Vve., 

NCV.C. 17 

Plaekuii Div., L-O-F Glaos Co., Sylvan .Avr., Toletln, f) 
Prolon PlnHlirH. FloriMire, Mans. 

Standard Molding I'nrp.. 1517 E. 3rd SC, Dnylnii I, D. 
AnioH ThuinpBDn Corp., I'Miiiburs, Ind. 

Wiilvorioe PliLBlirB, Inr., 405 UiHrman Rd.. Milan, Mirh 


MONEL (See aUo mill forms, l.e., SHEET, etc.) 

International Nickel Co., 07 Wall St., N.Y.C. 5 


Refrigeration Classified 


MONORAILS (See CONVEYORS) 


I MORTUARY REFRIGERATORS (See REFRIGERA¬ 
TORS, MORTUARY) 


MOTOR-GENERATORS 

\lli8-ClialiiiiTa Mljr l ii , MilwauKi r 1, \N in. 

Century Eire, t’o., IHDti Pine St., St. Luiuh 3, Mo. 

I I'rucker-Wheeler Div., Joflhuii Ilendv Iron Wkn., Ainperi’, 
N.J. 

I Elliutl ('ll., .ll■allll^l ti', 

I FiiirhankR, Morse ik Co., liDl) S. MirluBan Avr;., t'liiraBu 

5, III. 

' tieneral IClei;. Cu., I River Ril., Srhrncrtady 5, N.A'. 
Ilubarl HruB. Cu.. 14li Huliarl Sriuarc, 'I’ruy, D. 

Ideal l‘3ee1iir, Iv I’lrel Si., M:iiiHtieIil, I) 

Janette MIk. t’u., 55(( W. Munriie Si., Chii-afEu (i, 111. 
Maralliiiii l'3er Cuip, WaiiMau W u« 

Muster icier. Cn., 12li Davis .Vve., Dayluti 1, 0. 

ItulihlliS ik \1 vers Inr., l.'tiri CaKunila \\i‘ , ^priiuifu'lil, 
' t). 

, Star Elce. Alulurs Cu., 200 Rluumlif'lil .\ve., Hliminfield, 

1 N..I. 

1 M esiiiiBliuiihi' I'Jer I ur|i . 4451 liiaiesi-e Si , Hunalu .i 


MO FOR BASES, BRACKETS A SUPPORTS (See 
BASES) 


I MOTOR PRO'I EinORS 

I I liase-Sliawiiiiil I n . New hiirv jiiirl. Mass 
I SprnriT I'herinustat Div, Metals A t'uiiliulh I'urp., 31 
■ Fores) SC, Mllehuru, Mmsb 

MOTOR STARTERS [See STARTERS) 

MOTORS 

Mliaiiee Mfi: Cu.. |()ll l.iikr Park PKil . \ lli.an re, (> 
LniiiH Allis Cn., 127 I'k Stewart SC, Milwaukee 7, V^'ls 
.\llis-('lialiuiTB MIk., t'n-. Milwaukee I. Wis. 
lialdur Elee Cn., 4:i53 Diiiiraii .Ave., St. Limiih 111, Mu 
llarhei Culeiiian Cu . I{ui'klunl. Ill 

Hellii Industrial Ei{ui|i. T)iv., Ruciie Eire. Cu., 37 Ken 
turkv Avi‘., PatrrsDM, N.,1. 

PiNiine J'Jler Cn , 2251 W. Ohiu St., Chirapu 12. HI. 
Pruwii liiHlrunirnl I'u , Div. Miiiiirapnlis-l luiie_\ w el I 
Rr‘eul:ilui I'll , fill Wayiir Vvi- , IMiili +4, Pa 
Rurke icier. Cu , ICrie, Pa 

Ceiitiirv icier Cu., IStlli Pine St., St, Luiiis 3, Mu. 

I Mark Cuiiliuller Cu . 1 1 ill C I.''i2imISI . ( levrlaiul HI D 
Clrvi'laiul icier. Muliir Cri., 5213 ('lirHter Ave., ('levelanrl 
3, D. 

t^untiiioiiUil Eire. L'n.. Ini-., 325 Ferry St . Newark 5, N..C 
H \\ . Craiiiel t'u . P.tl. huv 2r». I'rii I erbrnuk. Cl. 
Crurker-WheelfT Div., Jushua Hendy Irun Wks., Ampere, 
NJ 

Deleii I’rudiirtB Div., Ceii’l. Mu1 urs Curp . .32!) 1C. Ist St 
Day tun, I). 

Diehl Alfp. Cu., 1152 Fiiideme .Avr., Sumrrvillr, N.J. 
Dui-rr I'ilrrlne I'urji , I'eilarliiire, Wis 
ICaHtiTii Air Devirea, Inc., 13U Flathiiah .Xve., Hrouklyn, 
N.Y. 

ICilijise-Piuiieei Div , Hriiilix \vialinii I’urp , 'rrhrb'iru 
N.J. 

\ ICleelrii- Huai I'u.. \ve. A lA North SC. Ihiyuniie, N..I 
JClertric Machinery M/r. Cn., 133S J’yler Si., N.IC., Min- 
iicupiiliB 13. Minn. 

ICIertrie .Miilnr ('urp., 1211 Sl:ilr,^l , Itiiiiiie, \N is. 

Elliutl Co., Jrannelte, Pa. 

ICiiierBun Elcr. Mf^- Co., SIDD FluriHHaiil \vi-., SL. TiUiiif* 
21, Mo. 

FairbiiiikH, Murne & Cu., lifK) S. Mii-hiRan Ave., Chirago 5. 
111. 

Fiihi-u liiduHtnes. Inr., I’liiuii ik Aiu^usla SIh., Rurhi-Hlrr 
2, N ^ . 

FnrheR ik Myers, 173 Ciiiun St., ^^ur^■esler, Mass, 
neneral Eler. Cn., 1 River Rd., Srheiiertady 5. N.Y. 

I llavduii Mfu, Cu., 245 1C. Elm St., Tnrrincl nii, Cl. 
j Uobart Ilrns, Co., 14li lluhart Si|uare. 'I'rny, (). 

IliiiiVLT icier, t'u. 2l(K) Muiier -\ve.. \\ l.ns Vugi-les 25, 
Cal 

Howell Eler. MiiUirH Cn., 40.M N. RnnHrvell, IluwPll, 
I Mich. 

Ideal IClec. A_MrK. Cu., MansAeld, D. 



Refrigeration Classified 


MOTORS 
NEEDLES 147 


Jiiipcrinl EIl'c. Co., 81 Ira St., Akruu, 0. 

.Iijiii'tl [* Mfjf. I'll.. »'5''*li W. MiiiiriH' SL, ('liii-.'LKii I’l, 111- 

Kimblr; Elcc., Div. of Mielilfi rrintinK Preas & Mfjr. Cii., 
28&() Mt. Plfiasant St.. HurliiiKton, la. 

ICinK-Wyar, Inc., Arclibold, (). 

Kinitetoii-CDiilcy J'lrc. Cn., S(i Urnok Ave., N. Plainlioltl, 

N.J. 

l^‘land ElfM*. ('o., 15UJ WcIihIit Si.. Ibiyloii 1. O. 

Lima Elcr. Mol nr Cn . Finilljiy lliL, Limn. (). 

Liiik-TlcU Cn., 2045 VV. Hunting Park. Phila. 41). Pn. 

Marathon Elnn. Mf^, Corn., VVnuHau, Wis. 

Marblo-Canl Elec. Cladetonc, Mich. 

MtiBlRrElp.c. Cd., 12ti Davis Ave., Dayton 1. I). 

Mmire t'o.. .541 Weslport lid.. Kansas Cilv 2, Mn.' 

f)hi(. tiear I'o.. MV.VA K. \7\\ Sl... ( ■Icvehinil. H. 

Uiisrud Mai'liiiie AN ks.. Iiir.. dllOU Palim-r Sl., Cliii-a(;i> 
17. 111. 

Peerless I'dei;. Co., 2IMM) W. AiarkiM St., W'arreii, I). 

I’liiladelpliia Clear NN'ks., liii-., Ci SI. A ICrir .\ve., I'liila- 
delpliia. 20, J\i 

Pii|ua Machine A Mffj. Co., NHuii*!: A ( nolidjje Sl.s., Piiiua 
I). 

Keilinniiil Co., Inc., Owohso, .\lii-li. 

Reliance Elec, ik Eii^rg. f'o., 1088 Ivanhoe Hd., Cleveland 
10. O. 

lleynnlils Elec. Co., 2050 W. ConEress. C'fncaEn 12, Ill. 

Robbins tt Myers, Ini;., SpriiiElield, (). 

SiEO.'il Eli'c. 51 Ie- Co.. .M l•nonnnel•, Miih. 

Small Motors, Inc.. 2008 J'dstun Ave., C'hieaEO Id, III. 

.\. 1). Sinitli Corp., ;i5lkS N. 27lli Sl.. Milwaukee I. Wis. 

Star Elec. Motors Co., 200 Rloninfielil Ave., Rlooinfield, 

N..L 

SierlioE Elec. Motors. Inc., 5401 .Niiaheiin-’l’clcKraph ILiL, 
Lob AiiEcles 22, Cal. 

M. A. Sutton I'oriJ., 1S12 AN . 2ii(l St., AAieliila I, Kan. 

r. S. Elec'l. Motors, Inc., Los .AriEolea 54, Cal. & Milford. 
Ct. 

A alle\- I'dei-trir Corp., 4221 I'liresl. I’ark A'lvd., SI. Louis 

8. Mo. 

A’ictiir I'Uee.. Pruducls, liie., 2115(1 Rohi'rlson Hd.. Cin- 
riiiiial i !l. I). 

AViLEiier Elec,. Ckirp., lilOO Plymouth Ave., St. Louis 14, 
Mo. 

AA'iitsoii I'daEE Machine Co., 845 E. 25th St., Paterson .’L 
N.J. 

AA estiiiElionsi.* Elec, f'orp., 4454 Cieriesee St., RulTahi 5, 
N’.V. 

AA rsl i iieIi oiise Eli-i-. Ciirp,, l ima. 1). 

MOTORS. DAMPER (See DAMPER MO'IORS) 


MOULDINGS 

Rrasco MIr. Co., Harvey, III. 

Chase Brass ife Copper C'u., 2IRi Grand St., Waterbury 01, 

Ct. 

Daldslnnii Aletallic Door ('n.. I,''i5 HulTtilo .‘^t.. .laiiieM- 
tiiwii, .\.A . 

Di'l roi! iShiiiipitiE Co.. 41 8 M id I and .Ave., 1 )i-I roil .M irh. 

Greene MIe- Co., Inc., 1028 DmiElas .Ave., Racine, ArVis. 

.lohii Lees Div., Serriek f'orp., IMIM) Batavia, .Miiricii*, Inil. 

Mack Molding Co., Ryerson Avr., Wayne, N..I. 

PittsliurRh Plate Glass f’o., ['i.'12 Dmiuesne A-Viiy. Pitts- 
burgh 22, Pa. 

Stokes Molded Products, Inc., I'aylor at W'ebstcr St., 
Trenton 4, N.J. (Hard Rubber Al Plastic) 

R. D. Werner Co., Inc, 2f).5-5th Ave., N.Y.C. 16 


MOUNTINGS, VIBRATION ABSORBING (See VI¬ 
BRATION ABSORBING BASKS) 


MUFFLERS, PIPE LINE 

.\le.xaiider-TiiEE Industries, liir., Jaeksonvilli^ Rd. A 
Summit .Ave., Iliitborn. Pa. 
llii-liard M. .AnnstroiiK Cn,, Hn.x 1H8, AA . (‘Ik-sI er, I'a. 
Drieo Industrial Corp., 20 Rroadway, N.Y.C. 6 

11. A. Phillips & Go., 32.S.S W. Carroll Ave., Chlrafiii 
24. III. fp- tU) 


NAILS 

All-iiieLfil Screw Prodiiels Co., Inc., .t.'l (Iriaaii; Si., N.V.U. 
13 

Aluminum Co. of Ameriea, PitlsburEh IT), Pa. 

American Rolling Mill Co., Middletown, 0. (SUiinless 
Steel) 


American Steel it Wire Co.. Rockefeller Bldg.. Cleveland 
! 13. O. 

i -ArmCO Steel Corp., Miilillet own, O. 

I Atlaiitie Steel Corp., P.l). Box 1714. Aflanlji, Ga. 

I Hethlobem Steel f.’o., Betlileliein, Pa. 
j ('base Brass A Copper Co., 236 Grand St., Walerburv Dl, 
Ct. 

I'. G. lliihsi'y A Cn., 281111 2iid .Avi*., Pil lslnirEli Id. I*:i. 
(Ciippei'i 

III fern ail oiial Niekel iai . 67 AA'iill Sl., N.A .C. 5 (Niekpl 
j Alloy) 

Republic Steel f'orp.. Republic Bldg., Cleveland 1, 0. 

I Ri‘ymi)ds .Mi'liils Co., 21MU) ,S. !l||i Sl., I,i'Ui.*<viIle 1, Ky. 

] (.Aluminum I 

j TeniieHsei' I‘nak Iron A K.ailroail Co., C. ,'*1. .Slci-l l'nr)i. 

.Subsidiary, Blown-M.arx Bldg., MirmiiiEham, .Ala. 

! 'I'ownsetid f'o., 21)5 Uivi r Ud., New BriEhlon, Pii. 
j Wickwire Spencer Steel Div., Cnloradn Fuel and Iron 
f’orp.. 5l)l)-5th Am ., N.Y.C. 18 
i Alan A-Vood Steel Co., Steel Mill IliL, f’oiiBlioliriL’keii, Pa 
CCiit) 

Youngstown Sheet A 'ruVic Co., Y'oiingRlnwn, D. 


: NAME PLATES (See also I HIM) 

! .Vi-ine Metal Eirhiiig f'o., Inc., 4857 SI. .Anbiii, Delroil 7, 

I 

.Aeruiiiaiii Co., 5 M orrell St.. Eli/,al»i>l.h 5, N.J. 

Ainericun Einblem fVi., Ine., JM). Box 116-11, Utica 1, 
N.V. 

.Anili'rsnn it Sons, Ini-., N. I'lliii SI., Weslfiehl, Muss. 
Bellinger I'aiainel Corp., 5Ii*lal I'nbrieatiiiE Div., AA'ul- 
thiLiii, M.-iss. 

Cliandler C'ri., 141)7 Park SI., Hartford 6. Cl. 

Cliii-agn Thri T h'.l i'Iiime Cn,, 1555 Shidliidil Ave.. 
('hieaEo. III. 

j Coi'iiiiiE frlas.« I'll., CorniiiE \ A . 

I Crnnaine, Inc.. 3701 N. Ravi'iiswood, Chicago 13, 111. 

: Dearborn fllasH Co., 2414 AN . 21hI. SI., l lliicago 8, III. 
lOleclrri-l’lieniiejil l‘hiEr:iviiig (.lo., Ine., IIIMI Brook .Avi‘,, 
N.Y.C. 

Fox f 'o.. Fox Lane, f 'iri'ti. 2.3, f). 

I (;eiier;il IihIii.hI rii'H ( n , I lli\r A Tayloi' ,Sl,s.. I ’.lyrin, I). 
I L. F. tlrainnifB A Sons, Inc., 365 Union Sl., Allentown, 
Pn. 

I Grand Rapids Brass I 61) SeribniT Ave., N.Wk, (Iriiiid 
Rapids I, Mil’ll. 

IJoosifT Cardinal t airp., 61)1 W. Eicliel Ave., iCvansville 7, 
lull. 

Mack Molding Co., Ryerson Ave., Wayne, N.J. 

.rallies H. Mathews A Cu., 31)48 Forbes Sl., PiHsbnrgli 1.3, 

! Pa. 

Geo. J. Mayer f 'o., 15 N. Piuinsylvnnia Si,. Indpln. O, Ind. 
j A.l). Murray, Inc., 604 fJreen Lane. lOli/iiIieth, N.,!. 
Newman Rros., Inc,, 666 W. 4th St., Cin'ti. 3, 1). 
N’orihern lOiigraviiiE A Mfg. t.;o., 4tli A Vine Sts., La 
Crosse, W'is. 

Preiniiiin Plastics, Trii ,, 627 Saleiri Ave., Dayton 6, f). 
•Scovill MTe. Co., !)!) Mill St., WiitiTliury 1)1, Ct. 

1 Siieath GlasB Co., Hartford f!ity, Ind. 

' .'^lanilaril Molding foirp., 1517 I'i. 3rd SC, Dayton 1, D. 
i .SiaiiiJ.'inl I'lieriiioiiiei er. Lw , 11.52 I lin elirHl i i .Ave., Bn:-< 

■ Inn 25, .Mas.'i 

I .Amos J'hiinipHoii Corp.. Eilinburg, liiil. 


j NEEDLE VALVE ASSEMBLIES 

AiaiiB Industrial Co., 20.5 N. LaHin SC, Chicago 7, HI. 

I .A.shloii A alvi- Co,, 43 Kendrick St., VN rraiI liani, -Mas.s. 

' f irnioMow t 'orji., 211)0 Areli SIPhila. .3, Pa. 

' Fairli.-inks (‘ij...3!l3 Lafayel1 1 - ,’>t.. .\,A .C. 3 
j FediliTS-fiiiigaii Ciir|).. 57 'J'oiiiiwanda .St,, BulTulo. .\.A' 

1 JerguBon Gage A Valve, 87 P'eMsway, Snrnervilc, Mubs. 

; Maysoii Mfg. Co., Inr:., 4.332 Ilnratio .St., Detroit ID, 
Mich. 


NEEDLES, VA1.VE 

Acme Industrial Co., 205 N. Ladin St., Chicago 7, III. 

Grane Go., Michigan Ave., Ghlcagii 5, 111. 

fp. l(l!t) 

Kerotest Mfg. Go., 2.525 Liberty Ave., PlttaburHh 22, 

Pa. (jj. jitO/j) 

Maid-O'-Mist, Inc., 3217 N. Pulaski Rd., Chicago 41, 1111. 
Mayson Mfg. Cn., Inn., 4332 Iloratin St., Detroit 10, 
Midi. 





NEGATIVE TEMPERATURE COEFFICIENT MATERIAL 
14B OIL SEPARATORS Refrigeration Classified 


NECMTIVE TEMPERATURE UOEFFIUIENT MA¬ 
TERIAL 

Kiiysbono Carbon Co., Inc., 11)35 State St., St. Marys. 
Pa. 


NE'mNG, WIRE (See MESH. MEl'AL) 


NICKEL (See also mill fnrmH, l.e., ROD; also 
SHEET, etc.) 

Haynes Stellite Ctj., Unit, of Union Carbide A Carbon 
Corp,, Kokomo, Ind. 

International Niekel Co., 07 Wall St., N.Y.C. 5 


NIPPLES, PIPE (Sec FITTINGS) 


NITROGEN 

Air Iledurlioii Siilf'H Cn., 00 E). 42iul St., N.V.(*. 17 
liinde Air Pn>du('tH Co.. Unit of Union (!arbide A. Carbon 
Cnrp.. 30 E. 42ii[| St.. N.Y.C. 17 


NOSES. SEAL 

C3iicaKO SiMil Cn., M32 S. Hoyne Ave., CliicaKU 20. III. 
I'lifTonl MIk. (Io., drove Si ., Wiiltlinm. M(iph. 
Federiil-MoKul Corp., Shoeinakcr A Lillibnd(;e StH., De¬ 
troit 13, Mid). 


NOZZLES 


April Showers Co., 4126-fith St., N.W., Watihind- 
ttm II, O.C. (;». ItlH) 

Itiihnaoii f 'n., UK)0 S. Mtirshiiil Si., Winston-Salem, N.(\ 

Ibiliofi'l Dii^s A No/zli‘ Ine., (iH25 .Adnins St., diilten- 
b(TJ£, N..I. 

llinkN Mf}i. Co., 3124-32 Carroll Avc., Chlcai^o 16, 
III. . [p. T\i) 

IbilTalo Foiki* t'n.. 217 Miirlinier St., lUifTiilo, N,^ , 

ClaraKe E^an Co., Porter St., Kalamazoo Ul. Mieh. 

Deluvan Mf^. Co., 300!)-ljtli Ave., Des Mninea 13, la. 

I'jliM'trie Spniyit Cn.. 1415 Illinois Ave., SheboyKsm, Wis. 

Fluor (U»rp., Ltd., 2500 S. Atlantic Hlvd., I/oa Angeles 22, 
Cal. 

drinnell Cn., 2(U) W. E)xeliaime St.. Providence 1, ll.l. 

Link-Tlclt CiJ., 3(H) I'ersliing Tld., (llliii'ugo 0, III. 

Maid-O'-Miet, Inc., 3217 N. Pulaski lid., Chicago 41, Til. 

Marley Co., Inr., 3001 F’alrfai Ril., Kaiiaas C^ity 15, 
Kan. (p. 7.1) 

.Ins. A. Martoei'lln A Co , 220 N. I3(li St.. IMiiln. 7, P:i 

(p. U?) 

Mimarch Mfg. Wks., Inc., Salinnii A Wostinorlaiid Sts., 
JMiila. 34, Pa. 

D. .1. Murray Mfg. t^n., 1024-.3ril St,, Wunsfiu, Wis. 

Paasclu' Airbrush t'o., lOU!) Diverscy Pkwy., Chicjign 14. 


Parks-Cranier Co., Udx 411, Fitchburg, Maaa. 

IMiillips ('iMtliiiK 'I'lMviT ('ll., Iiir., 220 Dnl’niil Si.. 
■ Mnioklyii 22, N.\'. 

J. I'. PrltL'haril & Co., 90N Grand Ave., KaiiNas City 

6, Mo. (;i. 7^') 

llliode Island lluniidirier A ^'elltila(irig (mi., 0!) (3iuuiiccy 
St., Mnslnn I 1, Mass. 

Selnide A Knerting ('n.. ( 'nrowells lleiglils, MucUs Cmiii- 
Lv, Pa, 

Si'Dville M fg. Cn., I'll .Mill SI.. Wal I’rbury 20, Cl. 

Spray li'mgrg. Co., 114 Central St., SnincrvillH 45, Mass. 
Spraying Systems ('n., 3201 Ibindolpli St., Mellwood, Chi- 
rago, III. 

SI. Louis Plow Pipe A Healer Co., liir., Div. of Skinner 
Heating A A'eiililating Co., Inc., 1[)4H N. Dth SI., St. 
Louis li, Mn. 

Supreme Elec. Prodiicla Co., 104 Vassar St., Rochester 7, 


Taylor Forge A J’ijie Wks,, F.O. Pox 4H5, (3iieago 90. Ill. 
Thermal Industries, P.O. Tlox 725, Indio, Cal. 

Walf-r Cooling C’orp., 71 Nassau St., N.Y.C. 7 
Woter Cooling F.quip. Corf)., Alton Sta., St. Tmuis 23. 
Mo. 

Wooster Praas Co., 1415 E. llnwinan St., Wooster, O. 

Worthington Pump & Machinery Corp., HbitIbuii, 
N.J. (p. : fi) 

Varnall-VVaring Co.. Chestnut Hill, Phila. 18, Pa. 


ODOR ELIMINATION UNITS & SYSTEMS (See AIR 
' PURIFICATION EQUIPMENT) 


OIL C00LE:RS & OIL COOLING SYSTE^MS (See 
i also COOLAN T COOLERS) 

i Acme Industries, Mechanic & (>anson Sts., Jackson, 

I Mich. (/I. w / /1 

Alrtemp Dlv., Chrysler Corp., 1600 Web.ster, Day- 

j ton 1, O. (/I. /.'!) 

i .Anierii-aii Dislrifl Steam ('n., Pryiml SC. N. 'roiiawoiiilii, 

N.V. 

i Hii-liard M. .'\inistriinp (mi., Pox IMS, . CIk'hIit, I’a. 
Itlack, Sivnlls A Prysmi, Kiiusi^a City 3. Mo. 

Carrier Corp., 302 S. Geddes St., Syracuse 1, N.Y. 

(p. jr,) 

I Davi.s Eaigrg. Corp., It)li4 EL (iraiiil Si., lllizabel li 4. N'..|. 

: Doyle & Roth Mfg. Co., Foot 23ril St., Ilrooklyn 32, 

: N.Y. (p. ,i/) 

‘ Halstead & Mil chell, Be.ssenier Kldg , Pittsburgh 22, 
Pa. to.-C'l 

; lleat-X-('hanger (Li., Inc., Brewster, N.Y'. (/). /2 /i 

i Kohlcnberger Engrg. Corp., 1600 W. Cnmnion- 
wealih, E'ullerion, Cal. (/j. .i'/] 

Niagara Blower Co., 405 Lexington Ave., N.Y .C. 17 

(p. .'^7) 

Patterson-Kelley Co., Itic., E. Stroudsburg, Pa. 

i/j. .IN; 

Refrigeration EUrunomics (Li., Inc., 1231 EL Tus¬ 
carawas St., Canton 4, O. (p. tin) 

lleliance RefrigeraLing Macliini* Co., 3101 N. Ki*d/iL: 
Avc.. (.'liirago 18, Ill. 

lleiiipc Co., 340 N. SarramL'iito Pivd., Cliicjign 12, III. 

I Robb Heater A Mfg, (’n., Div. of AiiiLTiLjaii Radiator A 
Standard Sanilary (mrp., Puffnli) 13, N.Y. 

Schulte A Koerbing ('n., Cnrowi‘ll,M lli'iglilH, Parks Couiiiy 
Pa. 

'rai‘n llr.otcrs, Ini-,, 137 Snulli .St., Pri»\'iilriirr .3, R.T. 
Trane Co., La Crosse, Wis. f/j. //.S') 

Whitloek .Mfg. Co., HI pSonih SI., I l;irl rnrrl 10, ('I. 

P. S. WilliaiiiH Co,, Inr., li Norlli SI., Mniiiil XiTonn I, 

N V. 

Worthington Pump A Machinery Corp., Harrison, 
N.J. (/<. /.;.;) 

York Corp., York, Pa. \p. -i.') 

Young Radiator Co., Racine, Wis. (p. 


OIL ENGINES (See ENGINES, DIESEL) 


OIL SEPARATORS 


i 


Acme Industries, Inc., Mechanic & (jHiisori Sis.. 

Jackson, Mich. (o. 2//) 

Amlnco Kcfrlgerallon Producls Co., l4544-3rd Ave., 
Detroit 3, Mich. (p. I^’t) 

llir.iiard M. .Armsbrniig Cn., Pox IK.S. W. I'lii sli r. P;i. 
Baker Refrigeration Corp., S. Windham, Me. (p. h-i) 
Plar.k Sivails A Prywno, Kaii.sae Cily 3. Mo. 

Creamery Package Mfg. Co., 1243 W. Washington 
Blvd., Chicago 7, Ill. (;». 4") 

Diillhigrr Corn., 1 Centn* Pork, llorlii'sl [“r !), N.^’. 
Kelvlnator iJIv., Nash-Kclviiiatiir Corp., 14250 
Plymouth Rd., Detroit, Mich. (;). 2/1 

Klng-Zecro Co., 1447 Montrose Ave., Chicago 13, 111. 

(7'. -5) 

Niagara Blower Co., 405 Lexington Ave., N.Y.C. 17 

ip. 27) 

II. A. Phillips A Co., 32.5.5 W. Carroll .Avc., Chicago 
24, III. [p. 1 

llcrii ProLliii-l.s Div., Rrfrigi-ralion EiigrM, C(ir|i., 21121) 
Niiuihiio St., Pliil;id['l|jlii:i lit. l*:i. 

Rex Engineering A Sales Cn., Pox 5141, OklMlmiini Citv, 
Okla 

Strong, Carlisle A flaniiriond Co., 1302 W. 3rd St., Cleve¬ 
land 13, 0. 

Temprite Products Corp., K. Maple Rd., Birming¬ 
ham, Mich. [p. H'-'M 

Wabash Mfg. Co.. 23lM) S. Western Ave., Chirago 8. 111. 

Worthington Pump A Machinery Corp., Harrison, 
N.J. [p. 144) 

York Corp., York, Pa. (p. 12) 


NUTS (See HOLTS) 


OILERS & OILING SYS’TE:MS (See LUBHICA TORS) 





Refrigeratiun Classified 


OILS, LUBRICATING 

AnsuJ Cliemlcal Co., Marlnellc, Wis. (;j. il/i) 

\tljinlii* Ri>thiiiiti: Cd., S. Broiiil St., riiila., Pa. 
f'jirhicli- it Ciirbon iMieminile l)iv. tjf Tiiion Car- 

liiilf it f ’arliiiii Ctirp., ;i() I'i 413iid ,Si ,, .f'. 17 

fStTvici! Oil Co. (Pa.), GO Wall Towar, N.Y.C. 5 
F.bbo Slandard Oil Co., 15 \V. Gist St., N.V.C. 11) 

FiMki: JiroH. KE?liiiiiii; L'li,, 12'J Lnrikwuud St., Newark 5, 
N.J. 

tiulf Oil Corp., Gulf Dldic.. PittaburKh, Pa. 

E. F. IToUKlitun ik Co., 30.'1 W. liohiRh Ave., Pliila. 33, Pa. 
Jvi'.v'stoiKj LiibrimliiiR Co., Slat A bippineoH. Sta., Phila. 
32. Pji. 

Macmillan Pctrolcurii Corp., 530 W. Gth St.. TiOs AiiKeles 
14, (I'al. 

New Viirli it Niiw Jersey I.ubricant (Jn., 202 MailiHun 
Ave.. N.V.f;. 17 

Shell Oil On.. Ine.. 51) W. 50ili Si., N.Y.C. 20 
Sinclair licfiniJiB Co., li3U-5th Ave., N.Y.C. 20 
,Si>n)ny-\'[i [‘uuin Oil ( ‘o., 2(1 H'way, N.^'.C. 4 
b. iSujinebiirn Sons, Inc.. 88 Lexinelon Ave., N.^’ C. Ill 
Slandard Oil Cn. of California, 225 Tlush St., Srui Fran- 
f isno 20, Cal. 

IJ A. SLuarl, Oil Co., iJil., 2727 S. Troy St., ChicaKO 23, 

Sun Cii Cn.. 1C.08 Walnut St., Philn. 3, Pu. 

Swan I'incli Oil (h)rp., 30 Monkcfeller Plaza, 3 

’ri.xaH Co., 135 F. 42iid St., N.Y.C. 17 
Tide Water .AsBoiiatoil Oil ih>., 17 llaticry Plaei*. N.V.f^ 
4 

V'alvoline Oil Co., 534 F. 5lh St., Ciii'li 2, II. 

O/ONE EQUIPMENT 

KliictroairL' ('orp.. 41-38-37(1) St., TiOnR Iflland ('ity 1, 

N.Y. 

Norwood Filtration Co , Northampton, MaBB. 
elMbai'h Corp., 1 5()() Walnut St,, Phila. 2, Pa. 

PACKING, SIIAFI , VALVE, elr. (See GASKETS 8i 
C;.\SKi:'l MATERIAI.) 


OILS 

PAINT 149 


j PAINT, ASPHALT. CORROSION RESISTING, 
I HEAT KESIS’l'lNi;, etc. [See also FINISHES) 

! Aluiiiinuiii Iiiilu.siries. bn-.. 24MS Iheknian SI.. I'in 
einiiati 25, I). 

.Aiiiercoiit Div.. .Amerii’an Pipe iV CioibI riii-tion Co.. 4Kn!l 
FireHtiiiie lllvd.. SoulliBate, (3il. 

American nitunriulB Co., 200 MuhI) St., ,S-in FraneiBeo I. 
Cal. 

.Aiiioriean Clieiiiieal PainI Co.. .AiiiIiIit, Pa. 

American Pipe ik CoiiKtruetioii Co., Pox 342S 'I'erininnl 
Annex P.O., liris .AiiReles, Cal. 

! Arc*o Co., 7301 lleHseiner .Ave., Clevelunu 27. 0. 

Ad IB Mineral ProdinlB Co.. Merl./.I.own. I'.-i. 

-Allii.B PowdiT Co.. .Nuilh ChieaBO. 111. 

IliiiT nrofi..43S W. ;'.7lh Si., X.A'.C. IS 
l.3ilbar Paint & Varnifsli Co., 2lil2 N. Marlha SC, Phila. 
25, Pa. 

Oearbnrn ChiMini .il Cn.. .Merelei tnlihe .Marl Pla/.‘i. 
(JiiraRn 54, III. 

Ih 'inifi Cheinienl Co., 2701 Papin SI.. SI. biuiiis.3, Md. 

E. b dll I'nnt dc NeinourB A, Co., lor.., WilmiiiKinn UK, 
Del. 

j Fagle-Piidler Sales Co., Anieri 'an Hldp., Cin’Ii. 1, O. 

' EriiBcke ilc Sulmalein Co., Hill N. Slieftield Ave., ChieaBo 
14. Ill 

i Ksho Standard Oil Cn., 15 W. 51bI SI., N.V.C. 1(1 
^ Henjnmin Foatcr (ni., 4(i35 W. Girard Ave., Phila. 31, 
Pa. 

I Gliillji'ii I'n.. 111)1)1 Mailienii .Ave., ('levi-hiiifl 2, M. 

I Grand Papide VarniHh Corp., 1350 Steele Ave., S.VV'., 

I Griiiid Ibipidti 2, Mirh. 

1 Alfred llaRue A. Co., 227-3'1th St., Ilrooklyii 32, N.Y. 

Hooker GIuhb A Paint Mfy;. ( it., rt5!l W. WjiHhinBl "0 
' Hlvd., l'liii:uRri, 111. 

I .A. C. Horn Co.. Ine., llllli Si. A- 'Mill \\i' . bniii.': bloiol 
Cilv 1, N.V. 

I Inertril Co., Ine., 470 FreliiiBliiiyBi’n Ave., Newark 5, N..J. 
i Intereliemical Corp., 57 State St., Newark, N.,b 
I .luncH-Dahiii'y (vO., Div. n( Devoe A llaynolilB, 11H1 S. 
' 11th St., bouiBvillu 8, Ky. 

I ( Ci'iil iniiril) 


AMINCO REFRIGERATING DEVICES 



Oil Separators with Automatic 
Oil Return ^ II.P. to 120 Ton.s 

Very iitijioiTaiU In inaiiitainiiig peak elli- ^ 
eieriey. Maintain curieet oil level in trank- 
ease; exclude oils from refrigerant; prevent 
nil-lngging of evaporators. Protect coils, 

( inidcnscrs, conijiressor units, valve.s and 
dehydrators. 

Si 

OTHER AMINCO DEVICES FOR " 

THE INDUSTRY li."! 


Suction Tlirnttling or Starl¬ 
ing Lnad Regulalur Valve 
Enr relieving overloads on ihs 
mntor in starting, rFgardlfr.s.i 
□ f evaporator pressure. 


Highside Floats, Multiple Temperature Snap-Aelion Valves, Pressure controlled Water 
Regulating Valves. Constant Pressure Two Temperature Valves—Strainers, Check 
Valves, elc. 

Write for Bulletins 


AMINCO REFRIGERATION PRODUCTS CO. 

14544 Third Avenue DETROIT 3, Michigan 
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Refrigeration Classified 


PAINT (l^onrinueil) 

J.KK ('lii-iriiriil T’nifluclM f'li ,.'111.1 l’;iik \vi‘ . I)i*lrml 1, 
Mifh 

Maai & WaldHtciii t'o., 438 Hiveraidi? Avp., Newark 4, 
N.J. 

Master Mi'fliaiiirH I'd., Freuinaii Hd., ('Jevcl-iiid 1.3, (1. 

Midland Tuiiit A^urriish Cu., 3HUi E. OiaL >St., rii veland 

ft. O. 

National Ecad Cu., Ill Itruadway, N.Y.l'. (3 

Nebel Mfg. Co., 2300 Woodhill Jlrl., Cleveland 20. 0. 

Niiknin ProdiirtH Curp , 111 ('ul^rLle \vi- , llulTiiln 211. 
N.V. 

PittsburKh Plate Glatu Cu., 032 Duiiuesne Way. Pills- 
buFKh 22. Pa 

PresstitB Enicrg. Co.. 3!l0(J Cliouteau Avc., St. Louis 10, 
M D. 

Quigley Co.. Ine., .'i27-ftth Avp., N.Y.C^ 17 

Huiidulph PniiluctH Cu., CarlNtadt, N.J. fp Hhi) 

lluberoid Co., ftOO-ftth Ave., N.Y.C, IH 

Uiillaiid Eire ('lay Co., Curtis Ave., Hullaiid, VI. 

Sherwin-Williams Co., 101 J^rospeet Ave., N.W., Cleve¬ 
land, 0. 

Slanral Asphiilt A Ililiiinuls Co., 200 JIuhIi SI., San Eran- 
losrij 22, ('al. 

Steelcnie Mfg. Co., 3418 tiratiot Avi*., St. Liniis .3, Mu. 

United Chromium, Inn , 100 E. 42nd St., N.Y.t’. 17 

U. S. (lutta Perelia Paint Ctt., Dudli*y A Eddy SI, a., Prnvi- 
deni'o I, R.l. 

Vita-Var Cnrp., 1180 llayiimnd Hlvd., Newark 2, N.J. 

Wailns l)nv(*-lTi*riniatun Carp., 44H Suulh Ave., Wustfiehl. 
N.J. 

Western fMieiniui.1 Co., 713 WashioKlun St., Kansas City 
G, Mo. 

.1 C Whit lam Mfg. Co , Wjidswortli, II. 

Wilbur-Williams Co., 43 Leon ,St., Most on. Mass. 

Zapon lliv., Atlas Powder I'o., Slainford, f/t. 


PANELS, INSTRUMEN'I’ (See INSTRUMENT 
PANELS) 


PAPER, ASBESTOS 

Mfol lliv , llellei'lal Corp . I ft ft l-i 441 h Si .N C 17 
A. W. Clo'sl(Tlon I'o , 4 .AhIiIiiiiiI SI., EviTetl 4!l. Mii.Ms 
JiihnN-MaiivllIc, 22 E. 4Ulh St., N.Y.C. Ik (/». I.ii) 
llohl. \. Keashi-y I'o.. 13!l . Nllli SI., N.A .C 11 

lluberiMil t'o , iftOO-ftlli \ve , N.AM' 18 
Slaiidard AhIji'mIos Mfg I'o, 8(50 \N hiviTgreeii Vvi- , 
I 'liii'JigD 22. Ill 

A'irtnr Mfg. A Casket I'o., 5750 Roosevelt Rd., Chieago 

! 10 , 111 . 

(■riiiil WIIhiui, Ine , illft S Slii-i iii.id, I'hiiagn 1, III. 


PAPER, BUILDING 

Aetna Plywowl A Veneer Co., I70!l l^lslnn .‘\ve., Chiragu 

21 . 111 . 

Alfol Div.. llellertal Corp., Ift'i I']. 44lh St., N.Y.(^ 17 
Angler Corp., Eraniiiigham, Mass. 

Atlas ABbesLiis Co., iJd., Ill) MrCill St, Monlreul I, 
Quebcr, Canada 

Philip ('arey Mfg. l^i., Tjiieklanil, Cin'ti. |,ft, (). 

Cork Insuliition Co., Inc.. Ift.ft E. 44th St., N.^'.C. 17 
JohiiN-MBiivllle, 22 E. 40th St., N.Y.C^. 16 (p. I.i,)) 

Kolit. A. Keashey t'o., 13H W . lOtli SC, N.V.C. II 
Li'lion Co., 442ft S. Oakley Ave., Chii'agn !), Ill. 

Pacitie Slates I' eR A Mfg. Co., Ine.. 843 Howard St., San 
Fraiieiseo 3, ('nl. 

PrcBstite Erigrg. Co., 3000 Chouteau Ave , St. Lihiih III, 
Mo. 

Rcctnr Mineral'EnidIntt Gorp., 16 E. 4Jrd St., N.Y.C 

17 ip. I St!) 

Riiheroid Co., ftOfl-ftth .Ave.. N.Y.t'. IS 
Cnml Wilson, Ine,, 3115 S, La Snlle St , C'hieago 4, III. 


PAPER Hl fabric, liOATED DR IMPREGNATED 
(See alsn FIBRE) 

E. 1 do Piinl lie Neniiiiirs A Cn . liir , Wilniiiiglmi !IS. 
Del 

Eurinira Co.. 41513 Spring CIrove Ave., t/in’li 32, t). 

I’liiielvle Div, Si. Regis Paper Co., 230 Park .'ve.. I 
S.V.C. 17 ' 

PreBstil,e Engrg. Co., 3000 (''liuuteau Ave., Si. Louis 10. i 
Mo. 

U. ,S. Rubber Cu., 1231) .Avp, of the AmerieaH, N.Y.C. 20 


I Wiliiiiiigluii Eibri; Specialty Ci)., P.l). Drawer 1028, Wil- 
I iniiigtun 00, Del. 

' Wulveriiiii FabriL'aliiig A Mfg. Co., Tnc., Prineese Si. A 
M.C.R.U., Inkster. Mieh. 


PAPER PRODUCTS, MOLDED 

Paiiolyle Div., St. Regis Paper fm., 230 Park Ave , 
N.Y.C. 17 

I PASSING DDUHS (See GOLD STORAGE DOORS; 

' PERFORATED METALS (See METAL, PERFO¬ 
RATED) 


! PHOSPHOR BKUNZE 

American BrasN thi., Walerhury NN, 151. (/> /.sv) 

HrisLul Rrass Corp., Lristol, Cl. 

I Chase Rra.ss A Cupper Cn., 2315 Cniinl St., Wateihijry, f L. 
' I' lIusHiv A Cn , Ine.. 2815(1 2iiil \vi'., Eillshurgh 111, 
I Pa 

Revere (Supper ik Brass, Inc., 230 Park Ave., N.Y.G. 

ip. ].'H) 

Senvill Mfg. I 'u.. O'l Mill ,SC. VVolerliury 01, f't. 

Western Rrass Mills, I)i\. uf Ohri IiiiliiHlnes, Ine., 10. .Al¬ 
ton 17, 111. 


PIIOTOt;RAPIIIC COOLING EPUIPMEN'I (See 
alsn WA'I ER COOLERS) 

Dull- Rpfiigi-ral mg I'll , ftil 11) N F’uho-Ki liil I ■liirtign .'til 
III 

Elllrine Mf|[t. (5n., liir., .S.t l,e\iii|>tnii Ave., Ilruiiklvn 
5, N.Y. \p !ti>\ 

Cay l'.,iigig. Cd , 27311 I'i lllliM Cn^* \iigi les 23, C.al 
Heai-X-t5haii^er Cn., Iiir., Brewster, N.A', \p I'") 
Slai Melal Mfg. Cn Ini . 'I'lenlnii \\c A \iiii M , 
I Phihuh'lphia 34. Vu 

’I'eniprite Prudiict.s (lurp., 1C. Maple Ril., Hirming- 
ham, Mlrh. U' ’''■*) 

\ \\ esiinghuiise Elee I'lirp., I'tlnninlielil N .1 
York Corp., York, Pa. \p. <-) 


PILLOW BLOCKS (See BKARlNCiS) 


I PILOT LIGH'IS 

Drake Mfg. f’u , 1700 W. Iluhhiird SI , I'hieagi) 22, III. 
(ieiieral I lei liie Cn , 1 Itivei Rd., Si lieiii'i laily ft, N ^ . 
Hart Mfg. Cu.. 1 10 IlarLliuliunew' .Ave., Jlarlfurd I, f'l. 
.Alims Thiiiiipsiiii CuriiL., I'almhiirgli, liiil. 


; PINS, DOWEL, ell. 

Anne Indiislriiil Cu , 20ft N. Laflin Si., Chieagn 7 111 
Allmetal Serew Prudurls ('u., Ine , 33 flreeni' Si,, N.V.I 
13 

Atlniitie Steel Cn., P.D. Mux 1714 . Atlaiila 1 , Cu. 

I Autuserew Co., 2115 W. 18th St., N.Y.C. 11 
I Bethlehem Steel Co.. Rethleliem, Pa. 

I Holu-Kroiiie iSerew I'nrp , 2ft Eriiuk SI., Iliirlfcinl 10, f't. 

Standard J’resHetl .Steel Co., .1 eiikinlnwii. Pa. 

I Standard Sleel Specialty Co.. Reaver Ealls. Pii. 

I Stroiighnld Screw PrcMluets, liic., 21 G lluhharri ."'i., 
I Chicagu 10 . Til. 

I I'liwnsend Cd., New Hnghtun, Pa. 


PIPE (See particular type fnllmvlng; alsn TUBES 

& 1 uhIng) 


PIPE, COPPER, BRASS, BRONZE, etc. 

American Brass Cn., Waterhury H8, Ct. [p. 
Chase Brass A Copper Cd., 23G Grand St., Waterbury 01, 
Ct. 

C. G. Hussey A Co., 2815(1 2iid .Ave., PiMsburgh 10, Pa. 
Lewiii-Mathes Cu., 1111 Chouetau. SL. Louis 2, Mu. 
Mueller Brass Co., Purl Huron, Mich. 

National Copper A Smelting Co., 18G2 El. 123rd SL, 
Cleveland 6, 0. 

Revere Copper & Brass, Inc., 230 Park Ave., N.Y.(5. 

17 ip. mi) 

United Wire A Suppb' Corp., 1407 Eimw ood .Ave., Provi¬ 
dence 7, H.l. 



Refrigeration Classilied 


PIPE 

PIPE COILS 151 


PIPE, CORROSION RESISTINC; 

Allniet-al Srrr;w Prnrtui ts Cu., M.’i Cin^i'iir Si., X.V.r\ 13 
Amerliran Hruas Co., Waterbury HH, Cf. ( 71 . ISH) 
.Allas Miiirlal rnuliicls ( K., M I'rl zl ii» n . |*:i 
Habrock Jk Wilonx Tubi? Cd., llpavt-r falle, Pa. 
H('I.1i1mIii‘1I1 SliM'l (n.. hi'l.lilflii-iii . I*a. 

Ib'ltiiiKiT Eiiuiiii.'l Falirira'inp Div., Wal- 

Ibain, M 11 B 8 . 

HippN Unilfir WkH. t'li., IIHJO liank, Akrun 5. (), 
nhaac: PraBB A. Coppor [’ 11 ., 231) Grand Si.., Waterbury Hi. 
Ct 

Gherrv-Burrell Ciirp. 427 W. Randolph St., ChicaKO li, 
Oane Co., Mk'hlgaii Ave., Chlcagn 5, Ill. 

ip. ItK't) 

Duriron Co., Inc., Dayton 1, 1). 

Globe Steel Tubes Gi).,3M3!) W. Ibirnliani, Milwauki‘e4 
Win. 

JiihnH-Manvllle, 22 E. 40lh St.. N.Y.fk Wi (/>. l.i.-,) 
y\.H. Murray taj., Irn:., li.'lO Green bum*, Kli/abi‘tli, N .1 
Natii)niil Carbon I'o., Im:., Unit of Union Carbide A Car¬ 
bon Corp., 30 E. 42rid SL, N.Y.C. IT 
Xalional l.ead Ct... 11 I M way. \A .C. H 
National 'lube Co,. U. S. Steel Corp., Subsiiliary. P.G. 
Ho* 2 fif). PittsijiirKli, Pa. 

Mf.'publie Sti‘ 1‘1 (-o)rp., Republie JUiIk.. Clcvel’ind 1, O. 
Revere Copper & Brass, Im:., 230 Park Ave., N.Y'.C. 

17 (/). i;/i) 

United Wire it Supply Corp., MOT IClmwnod .Ave., Provi¬ 
dence 7, It.I. 


PIPE, FURNACE & S'l’OVE 

I'Aeelsior Steel Fiirn-i.r.'i.; IIK S. Clin I on Si., Cliii-ieo 

I), 111. 

Henry Furnaee tai,, Medina, O, 

1 . J, Alueller Furriaee Co., 2(10.') W. IJkiahoina Ave., Mil- 
waukiM! 7, Wifi. 

Xalional tj'ypHiiin ('o,, :i2ri llilaware Ave., Riiffalo 2, 
N.V. 

\ebel Mf){. Caj., 2Hljll \N oodliill llil., Cleveland 20, O. 

beevfB Steel A Mf^. C'n., 137 F. Iron Ave., Dover, I). 

I’. S. HeRister Co., .144 E. Uurrilmrn St., Hattie fTeeK. 
Mieh. 

WlieeliiiR CorrugatiiiR Co., Wlieeling, W. Va. 

W'lieeliriR Steel Corp., \N liei'lioR, VV. Va. 

PIPE, HARD RUBBER & I'LASTIC 

.American Hurd Rubber Co.. 11 MereiTSt., N.Y.C. 1.3 

II. F. Goodrieh f 'o., .'iOO S. Main St., Akron, G. 

Haveg I'orp., MaraljalltDri, Del. 

1 lewitl-llobiiiH, Iiie., 240 K'eiiHiiigl iiii Ave., Huffali) .'), 
N.Y. 

TiU/.erne Rubber (.'o., Trenton 0, N..!. 

.New A’ork IleltiriR A PaekiiiR (In., 1 Markel St.. PaMHaie, 
N..I. 

Slokes Molded Produetfi, Ine., Taylor at Webster .St., 
'rrniiLon 4, N..1. 

U. S. Rubber Co., 1230 Ave. of tlie Arnericafi, N.Y .f\ 20 


PIPE, SI EEL 

AlleRlienv Ludhini Steel t'orp., flliver THdg., PittsburKli 
22. Pa. 

W. It. Aiiiefi Co.. ITiO Hooper Si.. .San Frarieifieo 7, Cal. 

-Arnien OrainuKe A Metal Produets, bu-., Midilli ‘1 own. t). 

liethlelicm Stevl Co., Hctlileheni, Pa. 

PiRRH Boiler WkH. Co., 1000 Hank. Akron 5. G. 

Central Iron A Steel f'o., llarriHbiirR, Pu. 

Crane Cn., 836 Michigan Ave., Chicago !i, 111. 

I'lori Pipe Co., (501 I'k Red Bud Ave., St. I.ouiH. Mo. 

Griiinell Co., Jiie., 200 W. KxeliaiiRe St., Providenee 1, 
R.l. 

IjanlixlD Stef; Co.. Arcade BIiIr., St. Uouifi I. Mu 

LeliiRh Fan A Blower Cn.. Div. nf Heilman Boiler Wks. 
Inc. 128 Linden St., .Allentown, Pa. 

National I’ube Co., U. S, Steel Corp., Subsidiary, P.O 
Box 2 f>(), Pittsburgh, Pa. 

Pittsburgh Pipe Coil A Bending Co., Ill Bridge St., Etna 
P.O., PitiBburgh 23, Pa. (Steel A StaiiilcBs) 

HeevcB Steel A Mfg. Co., 137 E. Iron Ave,, Doxot, G. 

Republic Steel Corp., Republic Bldg., Cleveland 1 , O. 

Joaepl) T. llyerBuii A Son, Inc., lOth A Rockwell Sts., Chi¬ 
cago, 111 . 

Taylor Forge A Pipe: Wks.. P.O. Box 4Sr), Chiwigo 90, 111. 

Wheeling Steel Corp., Wheeling, AV. A'a. 


I PIPE, WROUGHT IRON 

I A. M. HyiTH Co.. Box 107(i, Pill,»hurgh 30, I'n. 

i Crane Ihi., H36 Michigan Ave., Chlcagn 5, 111. 

; _ . _ (p. /o.n) 

: Grinnell Co., Inc., 2li0 \\ . Exidiongc St., Provideiiee I, 

I . 

Piltahurgii Pipe I3iil A Bending Co., (il Bridge Si., Etna 
, P.G., I'itiHburgh 23, Pa. 

! PIPE CLAMPS A HANC.EKS (See CLAMPS & 
HANGERS) 

i PIPi: GOILS, BENDS A BENDINt; fSee uIno RE- 
I TURN BENDS! 

i Acme Efiuip. f 'o.,2ll.'j I B'way, Miifikogcc, t)kla. 

Acme InduNlrles, Ini., Mechanic A Guiiboii SIn., 
Jacksun, Mich. (p. .G/) 

Baker Refrigeration tairp., S. Windham, Me. 

(jj. oW) 

Ci'pitol Mfg A Sufiply Cr*., UiO \^ . I'lilton Si,, I'nhimbuH 
»). 

(Carrier Gorp., 302 'i. IJeildes Sf., Syracuse I. N.Y'. 


2 !Ui Crjiiid St., Wnlerbiiry HI, 
Uiniinii' ,Av('., Chicago 


Cliiific BruHH A Coi)piT t 

('hicfigii .Ni))pli‘ Mfc ^'n., 11)1-1 
.AO, III. 

Ch‘vci.ii'‘.I CoppcrHMiithiiig \^'Uh., .A.AIM) Slone Ave.. Clcvi*- 
land 2, G. 

.laincfi B. (Mow A Soiih, 2111 N. M'alman Ave.. I'hii’ago 12, 
111. 

Crane Co., N3I) Michigan Ave., Chlcugo 3, 111. 

(p. InH) 

Creamery Ihickage Mfg. Co.. 124.1 W. Washliiglon 
' Ulvd., Chicago 7, III. I/). 

I Dersch, GeHNwein A Neverl, 4H4.S W. Grand Ave., 
i Ghiiago 31, III. Ip. V') 

Doyle A Rolh Mfg. Co., l''i)ol 2.1ril St., Brooklyn 23, 
I N.V. f/)..“(/) 

I I'MIfiworlli Pipi‘ A Siip|)ly f.Al.’l W. 'I'rosiT SI ., Milwaii- 
i kcc 3, VN ifi. 

1 Flori Pipi: Co., 001 k). Bed Bud Avi ., SI. Liouh, Mjj 
i Frick Go., WayneNhoro, Pa. (ji. 

GciiitoI IbdrigiTii I inn l)i^’,, ^ :i I.i‘h-A llll■nl■!l 11 .M.-icliinc 
! t ‘o., Bi'loil, \N in 

Grinnell Co., Inc., 2ii0 VV. Exchaiigi' Si., Priivideiit:i' I, 
B.l. 

! .Arthur IbirrifiA I'n.'JIO A bi'rdi'cii Si,. ('liii-agn 7, 111. 
Il.'iyn .Mfg. I'll., I 21 I 1 A l-ibnrly SIh., I'.im. I’o. 

Howe Ice Macliine Co., 2825 MoiitroHe Ave., Chicago 

! 18, 111 . (p. 

j Kold-Hold Mfg. Cl)., 6113 E. Ila/.el Si., l.aiiHlng, 
Mich. Ip. lofi, 

L. G. KOveii A Mrolher,: ne., l.')4 Ggdeii .Ave., lersi'v f3lv 
7, N.J. 

Mueller BrasB Cri., Port Huron, Mieh. (Coiipe.r) 

.A. B. .Murray Co., Ine., 030 fireen Lunc, Elizabeth, N..f. 
National Pii)i; Bending Co., 110 lliver St., New Haven 13, 
Ct. 

Nolional liefrigi-ratorH Ct)., M27 Koeln Ave,, SI. bnuin II, 
Mo. 

Niagara Blower Co., 411.5 Lexington Ave., N.V.C. 17 

(p. 

I’lirkd-f Tiiiiiiir Co., Brix 444, 1< itr.liburg, Miibh. 

PiUsburgh Pipe Coil A Bending Co., til Bridge Si , Etna 
P.O., PittHburgh 23, Pa. 

llecii PriMluclH Div.. Ilefrigerulion Engrg. Corp., 2020 
Nauduin St., Phila. 4il, Pa. 

Hefrigerarinn Engrg. Inc , 725(1 1C. Slausun Ave., 
i Lob Angeles 22, Cal. f/). Hftl) 

: Rtlianee Refrigifraling Murhiin* Co., .{401 N. Ixedzie Ave., 

; Cliirago IH, III. 

I Riunpe Co., 340 N. Saorarncntrj Blvd., Cliirago 12, 111. 
j Edw. Rerineburg & SuiiB Co., BuHton Si., BHlLiinore 

1 24, Md. 

I lleyiioldB Mfg. Co., Inc , Springrield, Mn. 

I Hic-WiI Co.. FfiiiJii faimim rr.e lildg., Cleveland 14, G. 
j RooBHing Mfg. Co., Sharpaburg Sla., Pittsburgh, Pa. 

Shaw-Kendall Engrg. Co., 120 S. Superior Si., M'olodo 4, 

! O. 

■ .Super-Cold Corp.. 1020 E. .50l.h Si., I.riH .Angeh'B 1, Cal. 

I Vllter Mfg. Cu., 2224 S. Ist SC, Milwaukee 7, Wls. 

Ip. .13) 

i Henry Vogt Machine Co., 10th A Ormaby St.. Louisville 
10. Ky. 

; Walworth Co., 00 E. 42iid St., N.Y.C. 17 
I Whilloek .MIr. Co., 81 South St., Hartford 10, (M. 

XT- Hefrigernting C'o., 18,34 W. .5Hth St., ChicAgo 3B, 111. 

I York (]orp., York, Pa ip. nd') 




PIPE COVERING 
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Refrigeration Classified 


PIPE COVERINt; (See INSULATION) 

PISTONS 

Miiriiinuiii IniJuMl.rii'H. Im .. liiMkni:i.ii Si . I'm- 

(;irinfili 2.'j, (I. 

MrQuay-NorriH Mfc. ('n.. 2'A2l) Marrfini Avi*.. Sh. Louis 

in, Mn. 


PIS’l'ON PINS 

Aluiiiiriuiii ImluHlrji-H, Inc., IM.'IH SI... ('iii- 

['innati 2ri, I). 

Mctjiiay-Norris MIr. (Jn., 2:120 Marnimi Avi;., St. Louis 
10 . Mo. 

J Vi'inold ('ll,, M F‘flin;i, I ). 

SaRinuw MiillRiuhli; Iron Div., frcn'l. Motors Suci- 

iiaw, Mirjh. 


PISTON RJNLS 

Ainnricaii TIiiirinicriMi Piston UiiiR, Uiisli tfc, llainhurR St., 
Paltiinorc. Mil. 

Ainftrin/in Metallic Packing Co., .Tfi 2 l Mexico St.. I’itts- 
burgh 12, Pa. 

Murd Piston lling Co., lOtli 2 :inl Avc., Ilockrord, 111. 

C. l.ee Cook Mfg. Co., !U(j S. Sth St., T.ouiaville 3. Ky. 

McQuay-Norris Mfg. (Jo., 2 :i 20 Marr.oni Ave.. St. Louis 

10 . Mo. 

Perfect C/'iri'.le Co., /).'i 2 S. Wiisliiiigl on, Hagerstown, liul. 

Saginaw Malleable Iron Div., Gen’l. Motors Corp., Sagi¬ 
naw. Mii'.li. 

Soalinl Power Corp., .^00 Sanfonl St.. Muskegon 01 . Midi. 

Superior Piston King (o)., ;i 21 S. Cicero Ave., Chicago - 11 , 

Wilkeiiing Mfg. Co,. 2000 S. 71sl St., Phila. 12 . Pa. 


PI ro'i I’lJHi.s 

1'/. Viiriion Mill f'n., riS2!l W. Iliglilanil .Avi-.. Cliii'ago 

111. Ill 


PLASTER, INSULATING (See INSULA TING PLAS¬ 
TER & CONCRETE) 


: PLASTIC SHEETS, RODS & TUIIES 

; .Aetna Plywood ilit A'cnecr Co., 17!)!) Ll.Hton Ave.. Ch eagu 
22. Ill. 

' .Vnelinr Platirs (:o.. liii:., il ('anal St., N.A'.C. l.’l 
; llakclitr- f‘o,, Div. of Pnioii ('arbiili* it Carbon ('orp , 
:i0 K. 12iiil St.. X.V.C. 17 

(’duriiiBL* PlaslicH Corp.. ISO Madison Avc., N.Y.C, IB 

Dow Cheinieal Co., Midland, Midi. 

K. I. du Pont dc Nemours it Co., fne., Wilmington .f)R, 
Del. 

I Tfirmifu Co.. 4lil.'l Spring drove .Avi'., f'in’ti .32, f). 

dciieral Elec. Co., 1 lliver Kd., Sdieneetady /). N.Y. 

I H. P. Ciiodridi Co., 600 S. Main St., Akron. 0. 
i Tliiilson Products Co., Inc., 4400 St. Aubin, Delroil 7, 
i Midi. 

Made Molding Co.. Hyerson Ave.. AYayue. N..) 

MoiiHanlo Cliemieal Co., Plasties Fliv., (100 M oii.siinIn 
Ave.. tSpringfiebl 2 . Mass. 

Paiielvl(’ Div., St. Kegi.'s I’aper I'o., 2;'i() I’ark Ave.. 
N.Y.(’. 17 

Preiniiiin PlaHties, liie.. 1127 Avi'., Day).on H. I). 

PrcBstite Engrg. Co., 3!)00 Chmiteau .Ave., St. Louis 10 , 
Mo. 

Saiidee Mfg. Co.. r)0,''>0 \^'. I'o.sIit Ave., Cbie;igo 30, Til. 

'I’edinieal Ply-Wooils. 22.S N. ba Sjilli^ SI., fjliii-agii 1, Ill. 

I U. S, Rubber Co., I2:)n .Ave. of tbc -Americas, N.A’’ C. 2(1 
; Wilmington Fiber Specialty Co., P.O. Drawer 1028, Wii 
mington !)|), Del. 


j PLATE COILS 

i (A—Ammonia; II—Oibur refrifterants) 

' (B) Carrier Corp., .102 S. Geilde.s Sr., Syrai'u.»ie I, N.Y. 

(/'. 2 . 1 ) 

(It) Craiiilal-Stooe Div,, llrew'i'r-I il [‘lii'iier (.birp., 
Courl Si., Hiiigliaini 101, N.^^ 

! Dean Priulnrl.s, Inr., 1042 Dean Si., Brooklyn 

III. N.Y. ip. /.I'l 


( C<>iil I niiril) 


GET BIG PERFORMANCE AT SMALL COST WITH 



DEAN makes cold plates for ice cream cabinets, 
locker plants, soda fountains, farm milk coolers, 
liquid coolers, farm freeze cabinets, low tempera¬ 
ture lest rooms, Frosted food refrigerators, window 
displays. Food counters, refrigerated transportation 


and sub-zero applications For industrial chilling. 
Also plates for Baudelot-Type Coolers. Custom 
built plates avaliable on special order such as 
cylinders, U's, angles, tanks, etc. Write for a copy 
of our latest TECHNICAL DATA BOOK. 


MADE IN STAINLESS STEEL AND OTHER METALS 


DEAN PRODUCTS, INC. 

STerling 9-5400 


1042 Dean SI. 


Brooklyn 1 6, N.Y. 



Refrigeration Classified 

-LOW SIDES 

HAVE 

APPLICATIONS 




SERPENTINE LINER 



tlnlimitedl 

For locker plant space cooling, for 
shelves and stands in sharp freezing, 
or as cabinet liners, Kold-Hold Quick 
Action Serpentine Plates, either wall 
mounted or in ceiling banks, have no 
egual in efficiency and dependability. 
In truck refrigeration. Kold - Hold 
streamlined "Hold-Over" Plates main¬ 
tain the temperature of delivery truck 
bodies at the uniform level necessary 
in the successful transportation of fresh 
meat, ice cream and frozen foods. 
Specify Kold-Kold Low Sides for the 
most modern, efficient and economical 
method of refrigeration. Write today 
for complete data and engineering 
assistance. 

Jobbers in Principal C/fies 

KOLD-HOLD MANUFACTURING CO., 
603 E. Hazel St., Lansing 4, Michigan 



FOUNTAIN CONVERSION 


PLATE BANK 




PLATE COILS 
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Refrigeratioii Classified 


FLATK COILS (Continued) 

fA,H) DdIb RcfriKcratinK Co., 51)10 N. Puluaki Ilil , ('lii- 
r.aRD 30, III. 

fA,IV) Franklin Hody it Kijuipineni fVjrp., 1042 Deiin 
SL Hritoklyn l(i, N.V. 

(A,H) Gay EngrK. Co., 2730 E. 11th St.. Ldh AukcIcb 23. 
Cal. 

(B) Huasmann Refrigeration, Inc., 2401 N. Lelfing- 
well, St. LduIb 6 , Mo. {p. SS) 

fA.R) Kold-llrild Mfg. Co., 60.1 R. Hazel St., Lanaing 
4, Mich. (]>■ 

.Stanb^ KniKlit Corp., 3430 N. Pulaski Rd., Chicago 41, 

(A,B) Larkin ColU, 519 Memorial Dr., S.E., Atlanta 
1 , Ga. ( 71 . 41) 

(h) Orley FrcBzcrn, Inn., flRO 1']. Fort St., Detroit 2G, 
Mich. 

fA,R) llfiCD ProduclH Div., Rcfrigcrulion I'iOgrg. C'orp., 
2020 Niivuliiiii St., Philji. 4li, Pu 

(H) Standard Refrigeration Cti,, 332 S. Iloyrie Avc., (3ii- 
cago 20, Ill. 

PLATE, ALLOY 

AlIcgliFiny Tiiidliiin LSterd f’orp., fOivir Rldg., PiMHluirgli 
22, Pa. 

IlRihlehem Steel Co., Rethlehcin, Pa. 

CliaHC! Ilr.'iHH it Copper ('n., 230 CrMiirl ,'*^1Wah'rhurv 20. 
Cl. 

Haynen Stellite Co., Unit of Union Carbide it Carbon 
Corp,, Kokomo. Ind. 

IlcynoldB Metula Co., 2000 S. tllli St., I.riuievlllc 1 , Ky. 
(Aluminum) 

.loBeph T. llycrBon A Son, Inc.. Ifith A Rockwell Sta., (3ii- 
cagu, III 

Uniteil Sliil.eH Steel Co., SubHidiiiry of U, S. Sleel I 'lFrii., 
,'' 12 .') Win Penn J'liiee Itldj:,, I’il iMlnirgli .31), I’n. 

PLATE, STEEI. 

nelhlcheiTi Steel (/O., lIcthlLiiiein, Pa. 


JITEMR^ 

RELIEF VALVES 

Approved Under Safety Codes 
FREON VALVES 

rilK HT.U’im.MlM TYI’K IP|. 
AS I'liili's iinli'iii'iiileiilly of nulli-t pri-H 

Hiiir. imi like oiliiT )yi*i‘.s of relii-l 
I III VI'S M'liii'li riiiii'liiin iii'i’nnliini Id 
I III' iliiri-M'iiriul lielween llie iiilel 
iinil iMitli'l III e-siire.s. I’ennil.s llie 
use III ni|ilure ilise u.s.seiii)il.v on 
IIP iiiillel Niile willimit ineri'Hsinn Init.iiil 

leiiU iiri'ssnri', I'nriied Iir:i,'-’.s Imilles. 
si/.l'S Mi" I'M'.3’.. Mini ~s" D.l*. .HiiUler. 

.tlTllAllJirT TlflM TYI'K l.iii^e m 
liHi'ity. brass eniisl i iiei inn. .si/es Vi” 
ihrii 1" l.r.S. iiilel.: wllli filin' 01 
F.l’.T. nlilli'l- l'ii‘ltive .sliiit-nll' wiili 
l■nIlr^llll(!ll I'liHliinn si':iliiii.[ ai'linn. 

Also Dthor direct aclinii nnHle and 
■IrBlght-Ihru valvei. 

AMMONIA VALVES—Saml-BlMl body, ilzci 
thru 2" F.P.T. 

WRITE FOR CATALOG 

HENRY VALVE CO. 

Melroie Park, lllinoii, Suburb of Chicago 


APPROVED FOB USE BY THE ARMY • ' 
NAVY • COAST GUARD AND THE 
MARITIME COMMISSION. 


i Central Iron A Stcrl Co., Ilarrinburg, Pa. 

; Central Steel & Wire Co., 3000 W. Slat St., (’hiragn 32, 
Ill. 

Lukena Steel (' 0 ., (yoateaville. Pa. 

Republic Steel Corp., Republic Rldg., Cleveland 1, (). 
Uiiileri iStfiti'w .Stei'l Co.. Subfiidiary of U. S. Steel Cor|i,, 
.52.5 Will. Penn Pliice lOilg., I’illHburgh 30, P:i. 
Wheeling iSteel fhirp., Wlineliiig, W. Va. 

I Yiiungatowii Sheet A Tube Co., Youiigatown, f). 

! PLATING (Sec NAME PLATES) 

i 

; PLYWOOD 

: Aetna Plywooil A V'eiiecr Co., Elston .Ave., ChieagD 

i 22 , Ill. 

1 Ter.hnieal Ply-WooilM, 22H N. Lii Snlli' St., (Jhieagn I, Ml. 


PORC]ELAlN, ELECTRICAL 

.■\rrow-l liirt A lingcinan I'/lee. IH., 103 I liiwllifirn Si.. 
llMrlfonl li. I3l.. 

General Elen. Co., 1 River Rd., Sf’hc’iipct.ady 5, N.^ . 
Red Spot Elcc. Co., 'J'acorna, Wash. 

VV esliiighousi' lOleetrie f.'rirp., EmhI Pil iHlniigli. I';i. 

i PORCELAIN ENAMELING (Sec ENAMELINC;, 
PORCELAIN) 


I PORCELAIN ENAMFIL MATERIALS 

! Chieagn X'ilreoiiM J'liiiiinel Prorliiel I'n., I‘1l)l''17 .5.5ili 

I Cfnirt, (■^r.ern .50, Ill. 

j Form I'jTiumel fhirp.. Harvard A 5()Ui St,, (’’levelanrl .5, ^). 
! liignini-UiebiinlHini Mfg. Co , Mi-mvit l''.■llls, I’.'i. 

liiKr;mi-Rii'b!i.rdHoii, Ine., I' rankffirl, lull, 
i Penieo ('o., 5001 I'liislern Ave., Ihil.iiiiore 2-1, Mcl. 


POHOIJ.S ME'I’AL (See POWDERED ME I AL PROD- 
UC'IS) 


POULTRY REFRIGERAI’ORS (See DISPLAY 
CASES) 


1 POWDERED METAL PRODUCTS 

; .Amplex Div., (Chrysler Corp., fiSOl Harper Ave., Del,mil 
31, Mich. 

: Rosloii Gear Works, Diiiney 71, Miihh. 

j 10. I, ilu Pont lb' .Veinuurs A (‘o.. Inn., Wilrningltin !)S. 

! Dll. 

j General Elec. Co., 1 River Rd., Schenectady 5, N.Y, 
j International I’nwder Metallurgy t 'n., 4311 W. Main Si., 

I Ridgwuy, Pu. 

; KeyetonB Carbon Co,, Tne.., 1!)3.5 State St., St. Marys, Pa. 

; P. II. Mallory A th)., Ine., 302!) VV\ Wanhington SI., 
Indple., Ind. 

I MetalH Heliniiig Div., Gliilrlen ( n . 1717 Suiniiii r Si . 
Hainnioiid, Ind. 

: Moraine Products Div., Gen'l. Motors fhirp., Dayton 1, 

' O. 

■ New Jersey Zinc t'n., lliO Front .St., N.")' C. 17 
i RaybcHtoB-Ma haltan. Ini:., lil Willett .St., PasBiiin, N. 

I 

j POWER ELEMENTS 

' Cliffnril Mfg. f’o.. 110 Cnivi- Si., WallhiLin 54, .Mai-i.-^ 
Fullon Sylphon Co., Div., RoberlHhaw-Full.ini I'mil ml.*-' 
j Lai., Jlox 400, Knoxville 4, Teiin. 

: PRESSURE RELIEF DEVICES, REFRIGERANT 
I (See alsn PRESSURE RELIEF VALVES) 

Hlack, Sivalls A RryBon. KaiiBris City 3, Mo. 

Henry Valve Cu., Melrose Park, 111. [p. 

; Kuhlenherger Eiigrg. Corn., 16110 W. (hinimon- 
wealth, Fullerton, Cal. (/). 

j York Chirp., York, Pa. ( 71 . 72) 

PRESSURE RELIEF VALVES, REFRIGERANT (See 
also PRESSURE RELIEF DEVICES) 

I (A—Ammonia; D—Other refrigerants) 

I^.X.B) AbIiIoii \’alvi‘ Co.. 43 I'ii'iidrick SL, Wrriil.h!iiii. 
! A 1 asB. 


i 




PRESSURE RELIEF VALVES 
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Illuck, SiviillB (k Hryeon, Knnsas City 3, Mu. 

(,\.1J) A. W. 0:iHh Co.. 540 N. IHlh Si.. Dfcatur, 111. 

I A) C^rane Co., Niifb Michigan Ave., Chicago 5, Ill. 

ip. /(/:) 

fA) Creamery Package Mfg. Co., 1243 W. Waahlng- 
ton Blvd., Chicago 7, 111. 4 /.) 

KiirriH CiiKrK- l-orp., 100 ('ummuri'inl Ave,. PaliRoclrH 
Park, N..I. 

Frick Co., Waynesboro, Pa. (/i. .W) 

(A,B) Henry Valve Co., Melrose Park, III. (p. 1.'i4) 

i A,B) Hubbell Corp., P.O. Boi 711(1, Hawley KJ., Mun¬ 
delein, 111 . (;j. ISH) 

(B) Imperial Bras.s Mfg. Co., .537 S. Kaclne Ave., Chi¬ 
cago 7, Ill. (/>. ](t7) 

(B) Kcrorcst Mfg. Co., 2525 Liberty Ave., Pittsburgh 
22, Pa. (ji. Jtin) 

(.\,B] Klng-Zcero Co., 1447 Montrose Ave., I^hicago 
13, III- (J). 4) 

tA.IIj kohleriberger Kngrg. Corp.. IhllO W. (Common¬ 
wealth, Fullerton, (’.al. l/i. .±‘t) 

.1. M. liUiUTKiiii (’o., lilid it Uivre SIb., lMiil:ideliilu!i ii. l‘[i. 
fit) Miiidler HraBs Co., Purl Huron, Mirli. 

[A.lVl Hi TO Produc.lH Div., HL-friireraliuii liiicifi Corp.. 

ii0l]0 Naudiiiii SL, Pliilu. 4(i, Pa. 

(.V.H) llerriReniiinfr Sprrialit.ipB Co., 72S .S. Sapr.aiiipntu 
hlvrl., (diicaRo 11*. Ill. 

lA,Ki (Jyrus Shank (ai., 523 W. .lack.son Blvd., 
(diicago (i, ill. f/j. lo.'n 

(B) .Superior Valve & Fittings Co., 1509 W. Llbcriy 
Ave., Pittsburgh 26, Pa. {p. .'ol) 

(A,B) Vilter Mfg. Co., 2224 S. 1st St., Milwaukee 7, 
Wis, (/I. ,i,i) 

VNiills liuKiilitlor Co.. 10 Embnnkmi'iit SI., Liiwri'iiei!, 
MnsB. 

(H) WittnnmeiLT Muuhincry ('o., 850 N. SpfuildiiiK Avi*.. 
I'liinaRt) 51, Ill. 

(.A,II) XT< IlefriKiTJiliiiK Cn., 18.34 \V. rilMh .*41.., ('liieoKrt 
.311, Ill. 

A ork Corp., A'ork, P:i. i/». •Tj'i 


PRESSURE RELIEF VALVES, WATER 

Asliluii A’alvi' t'l)., 13 Kcndrii'k Si.. Wreiilliiuii. .Muhs. 

-A. W. CohIi Co., 540 N. 18th St., lienatur, Ill. 

(’lirrifix Eukf)!;. Co., Coiitrolfl Div., 15 N, I'iriciiinati,4 'iiIh:i, 
Uklu. 

I MiiiHolidiitod liroBH Cn.. 130 Suiiiniit, Delroit !l, MiiOi. 

Crane I'o., 836 Michigan Ave., Chicago 5, 111. 

. (r- 

Mcilrir Spriyil Co., 1415 IlliiioiB Avo., Sheboygan, Wis. 

Fiirris lOiigre. Corp., 400 CDiiiiiinreial Ave., PuliHiides 
J‘urk, N..J. 

riini it VValbiiK Mfg. Co., Ine., 05 Oak SL., Kondallvillr, 
I lid. 

I’u.HliT Kngrg. (’ll,. S35 Keliigli ,Avc., Ciiioii, .N..I. 

CrovB llRgulator Co., (i52[) IIolliH St., Oakland, Cal. 

O. Keckb-y Co,, 400 \\'. MadiHon SL. (’bieiigo 11 . III. 

J, E. lionergan Co., 2ii[i it Race Sta., IMiilo. 0, Pa. 

T,uiikeiiheimer Co., Reekiiian St. it. Wavcriy Ave.. Ciii'ti 
14, 0. 

.Manning, Maxwell it Miiiirr, Iiii-., II Klias SI., liriilge- 
port 2, (3 

McDorinpll & Miller, Jne , 1310 Wrigley Hldg., Chicago 

11 , 111 . 

MInneapolia-Honeywell Regulator Co., 2933-4th 
Ave., S., Minneapolis 8, Minn. {]>. (>7) 

iMucller Cd., 512 W. Cerrn Ciirilo St., Decatur 70, 111. 

Mueller Steam Spceiiiity (.aj., Im;., 40-20'22nil Hi., Imng 
island City 1 , N.Y. 

C. A. Norgren, 222 Santa Fi; Drive, Dioivit, Col. 

Paaschc AirbruHh f3)., 100!) DivcTHey Pkwv.. Chicago 14, 

Ill. 

IliTfi PriidiifiB Div., RefrigiTulioii I'aigrg. Corp.. 202 
Niiudaiii SL, Philailelpliia 4(i, Pa, 

Refrigerating Specialities (Jo., 728 S. SaiTainenlo MlvJ., 
CliicagD 12, Ill. 

Sta-Rite Products, Inn., Dcliivan, VVia. 

fl. A. Thrush it Co., 21 E. Riverside Dr., Peru, Ind. 

Watts Regulatur Cu., 10 Embankment SL, Lawrence, 
Mass. 


PRESSURESTATS (See CONI'ROLS) 

PRESSURE VESSELS 

Alloy Protlucta Corp., 1045 Perkins Ave,, Waukesha, W'is. 
.Aiiierifan Dislriel .Sleiim ('ii.. Prvaiil SL, X. 'roiiawiirida, 
N.A , 

Uichard M- I ini,‘^lrrjiig ('ri., Pox 188, AA esl ('iie.sier. Pa. 


; Babcock & Wilcox Co., 85 Liberty St., N.Y.C. 7 
Bethlehem Steel Co., Bethlehem, Pii. 
j Biggs Boiler Wks. f’o.. KKM) Bank. Akron 5. 0. 

Black, Sivalls it Bryson, Kansas City 3, Mo. 

Bos-llaMen. Inc., 718 IL Elk SL, Buffalo, N.A’. 
Califoriun Steid Producls Co., Biirrett it "A” Sts., Hieli 
inond, ('ill. 

Colonial Iron Wks. Co., 171113 SL Clair Avt:., I'levciiirid 
10, Cl. 

: Hersch, CcHHweln & Neverl, Inc., 4845 W. Crand 
i Ave., Chicago 39, 111. l/i. 4^/) 

John , 1 . Diipps Co., (iermanlowii, (I. 

' KIcelrir Sprayil Co., 1415 llliiinis .Ave.. Sliebovgan, Wis. 
: Fitzsimons Mfg. ('o., 3775 I'L DviLit Dr., Detroit 12 . 
Mich. 

Frick Co., Waynesboro, Pa. ip. ■»/) 

fJaj' Engrg. Co., 2730 K. J llh St.. Los Angeles 23, Cal 
(iiistav fllaser Co., lii' 2 Wait St., Pate.rHOn 1, N.J. 
llraverTank & Mlg. Cn., Ine., 480!) Tod Ave., K. Cliiiingn 
1. I ml. 

JriHi-jh Kopperiuaii & Smih, 312 Ni‘w SL, Pliila. H, l*a. 
j L. (). Knveii it Mrollier, Inc., 154 Ogden .\vi-., .lersi'V f ih' 
! 7. N..J. 

Lehigh Fan it Blower I n.. 12S Linden St., AIIimiI own, 
Pa. 

MeiNaiii: :;i X Co , Ine., 2700 Maiinkin Si., Bill I imitri' 30. 
Md. 

i Maysteel Prodinds, liii-., 740 N. Pliiiikinloii Avi;., Mil- 
j wiiuki.e 3, Wis 

R. Miinroc it Soii^ Mfg. (‘nrp., 23rd Si, Smalliiiiiii Sis.. 
: Pittsburgh 22 , Pa. 

: National'J'libe III. S. Si [’el (.'ur|i. SiibHiiliary. P.l>. Box 
I 21 ) 11 , Pittsburgh, Pa. 

I Nooter Corp., H2|» S. 2nil SL, SI.. Louis 4, Mo. 

; Paltersun-Kclley Co., Inc., E. Slruiidsbiirg, Pa. 

I ’ {p. 7>S) 

■ II. A. Phillips Ik Cn., 3255 W'. Carrol Ave., Clilcugo 

! 24. III. Ip. 

■ Pressed Steel I'ank Co.. 1471 .S. 66th SI., Milwaukee 

: 14. Wis. [p. ?./) 

I (( ■iplimirrl) 



Ammonia Shut-Off and Lina Valvas, Gauga 

Sets, Relief Valves and Accefioriss 
RELIEF VALVES 

l-'iir Aiiiliiiinlil mill l''i'i‘ri|i. line Iiii’i'c limly 
<li”sn.ii iiiKl lu’iiur lliiisli. Illl,l■l'lllil (xiii- 
.slrni'liiiM .si iiiiili'sN sii'fl will tiul i‘iii 
ruili’. I’li.slilvi' ir'lii’l iii'iiiiii. Pii’.sHiiri's 
rrniii 7:. Ill lull I'-s. 




L sRWik j 


SEMI-STEEL SHUT-OFF 
VALVES 

lli;[lii>.>il. grarlij non imoimis nii'lul 
Mill Bi/.e iBirts- elrmi cul 
ilircmiN. Hack nenlcil .bIciii. - 
.Slio-Tik ilcJilgn ba.se iM-rfi'CL 
aliunmeiil. Ixing life iiacklnz 
ring. 

CYRUS SHANK COMPANY 

■23 W. JaDhion Blvd. ChloilD 3 . III. 
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PKESSURK VESSFXS (Cnnilnued) 

liecD Products Div., RcfriiEcraiion EnerK. Uorp., 20U0 
Naudain 8 t., Phihi. 4Vt, Pa. 

Edw. llcnncburg & Scins Co., 2^3!) TtoBtori St., Baltimore; 
24, Md. 

Scaife Go., Oukmonl, Pa. 

A. 0, Smith t'orp., N. 27tli St.. Milwaukee 1. Wifi. 
Hta-llite Productfi, Im;., Dclavan, Wis. 

H. A. Thnifih &, t’o., 21 E. Riverside Dr., Peru, Ind. 
Vllter MfH. Co.. 2224 S. lat 5t., Milwaukee 7. WIh. 

(p. 

Wliitlurk Mfii. C'o.. 81 South SI., Tbirtlnrd If). fU. 
Wildinaii Holler & Tank Go., Garroll Ave., Gliicaeo 

12. III. 

WnrthlnKton Pump & Machinery (hjrp., Ilarrlsnii, 
N.J. ip. 144) 

WrighGAufitin Co., 315 W. Woodbridge St., Detroit 2li, 
Mich. 


PRIMERS (See FINISHES) 


PROGRAM CONTROLLERS (See CONTROLS, 
PROGRAM; bInu 1 IME SWI'I'CHES) 


PROPANE 

f'arliidi) & Carbon ChcmicalB Corp., Unit, of Uniun Car¬ 
bide & Carbon (’orp.. 30 E. 42nd St., N.Y.C. 17 
Ebho Standard Dil Go., 15 W. 51st St., N.^'.G. If) 
Stimdard f)il of Gnliforniii, 225 Hush SI., San Fraiicisi'o 
21). Gal. 

Sun Oil Go., KiOK Walnut St., I'hila. 3. Pa. 


PS Yi: UROMETERS 

HahiiHun Co., 1001 S. M.'irBhiill St., WiiiHloii-Sah‘ni, N.f'. 
Hrifitol Gii., WatCTbury 20, ('), 

Gliiiide S. Cjordon Go., 301)0 S. Wallacn St., Gliir-ago HI, 

111 . 

E. V'l'rrion Hill, Ii82li W'. Ilighlanrl .Avi*.. Chicago 31, III. 
r^iilmcr 'J'hcrriinniL'tcrB, Inc., 2501 Norwoml Ave., ('in- 
cinnati 12 , 1 ). 

Parkfi-C’raniijr Co., Box 444, Fitchburg, Mubh. 

'I'jigliahiii' IiiHtninii'iil Div., Wc^ilrin Flcrlrii'.al liiHtni- 
iiicnl (airp., Iil4 I'VrliiighuyHcn Newark 5, N..I. 

'Taylor IiiMtruiiicnl C’oh.. 1)5 Aiiii'h St., KocheBter I, N.S'. 
WT^kfller Thennnnietcr Gorp., 5'2 W. Houston St., N.Y.G. 
12 


pulli:ys 

.Allifi-(3iabiiCl'S Mfg. f’o., Milwaukue 1. Wis. 

.American Piillcy (Ti., 4201) WinHaliickon .Avc., I'hila. 2 !l, 

I’a. 

Raker RerrlAerutlun Ciirp., S. Wlnilhain, Me. 

(p. li-i) 

I'liarleB Hund I'n.. Iil7-2!1 .Arcli SI., Pliila., Pii. 

Hrowiiiiig Mfg. Go., fiic., Maysvillc, Ky. 

Ghipiigo Die Gasting Mfg. ("o., 251)0 W. Monroe St., Chi¬ 
cago 12 , HI. 

I'ungresH Drivo Div., Taiiii Gorp., 3750 E. Outer Thrive, 
Detroit 34, Mich. 

II. N. t’onk Heltiiig f''o., 40l Howard St.., Sun FranciHco 
5. Cal. 

Dayton Rubber Mfg. Co., 2342 W. Riverviow Avc., Day- 
ton 1 , 0 . 

R. & .1. Dick Co.. Inc., 24 Sjvde St., PafiMiie, N.J. 

Dodge Mfg. Tlorp., 505 S. Union St., Mishawaka, Ind. 

Gutefi Rublior Co)., 00 !) S. Ilroudway, Denvor 17, Colo. 

H. F. Goodrich Co., 51K) S. Main St., Akron, O. 

Mart it I’onleyMfg I'o., .500 F. 8 th St., Holland, Mich. 

W. A. Jones Foundry & Machine Co., 4401 Rooecvell 
llil., Chicago 24, III. 

I^u Blower Co,, 2007 Home Avo., Dayton 7, O. 

Lehigh Mfg. Co., Tjiincanter, Pa. 

Link-Belt Co., 300 PerBhing Kd., Chicago 0, Hi. 

Maurey Mfg. Corp., 2007 S. Wabafih Avc., Chicago HI, 

Mcnnslia Woixi Split Pulley Cn., 074 'J’ayco St., MennHlia, 
WlH. 

Nice Ball Bearing Co. ,30th ife Hunting Park Ave., Pliila 
40, Pb. 

Paliiie.r-Hee f^o., 1701 Pidand Ave.. Detroit 12, Midi, 

Pyolt Foundry & Miichiiic Co., 328 N. Sangamon St., 
Chicago 7, III. 

Itnckwood Mfg, Co., l80l-2tX)l Eiiglinli Ave., Iiidpls. IiiiJ. 


Refrigeration Classified 


St. Lniiie Blow Pipe A: Heater Co., Inc., Div. of Skinner 
Heating A Ventilating Co., Inc., 1.048 N. Dlh St., St. 
Louis n, Mo. 

Chae. A. Schicren Co.. 30 Ferry St., N.A'.C. 7 
Scientiae Corn., lOl Pine St., Dayton 2 , □. 
Standard-Keil Hardware Mfg. Co.. Inc., 03!) H’wav 
N.Y.C. 12 

Swift Mfg. f !o., Trie., 1455 E. Nine Mile ILL, Tla/el F^uk, 

Mich. 

Vllter Mfg. Co., 2224 S. Ist St., Milwaukee 7, Wis. 

fp- 


PUMPS, AMMONIA 

Americiin-Marsh Pumps, Inc., 1048 Gapitol Ave., N.IO., 
Battle Creek, Mich. 

Aurora Pump Co., 41)1 Liiuck»i St., Aurura, 111. 

I --. /r>:i 

Buffalo Pumps, Inc.. 4G5 Broadway, BuFFalo 4, N.A'. 
Cold Contriil, Inc., Ill Broadway, N.Y.C. 15 
M. T. Diivulsou ta».. 7 Dey Sl... N.^ .G. 7 
Eastern Industries, Inc., 21)0 Elm St.. New Haven 5, Gt. 
F'airbanks, Morse A Co., 600 S. Michigan Ave., Chicago 
6 , Ill. 

Filter Paper Co., 24.50 S. Michigan Avc., Chicago 16, 111 
Foster Pump Wka., Inc., 50 Washington St., HrookHui 1. 
N.Y. 

Goulds Pumps, Tnc.,SGiiBca Falls, N.Y. 

Guild A Garrison, TnO-, 43 Kcap St., Brooklyn 11, N.Y, 
Kohl I'll b erg er En^rj^. (hrrp., Ifdll) W. (hiiiinion- 
weallh, Fiillerinii, Gal. ip. T ) 

Ln Gourtfituiy (Jo.. 5 Maine St.. New'jirk 5, N.,1. 

CharlesS. T<cwis A Cn., 2207 Pine St., St. Tjouis 'L Mo, 
Manistee Iron VVks. Co., lliver St., Mivnisli'e, Mich. 
Peerless Pump Div., Food Mocliinery A f3iemii:il ('orij., 
301 West Avc., 26, Los Angeli's .'ll, L’al, 

II. A. PhilHp.s A Cn., ,4255 W. Garroll Avc., CliicuC 
25, 111. ^ | /^ 14:^' 

lleco Prixlurls Div., Hefrigeratinn I’.ngrg. Grir|i., 2l)'jll 
Naudain .SI.. JMiila. 4 6, Pa. 

Geo. D. Roper t'orp., .'140 Blackhavvk T^irk .Ave., Kork- 
ford, HI. 

Union Steam Pump Co., Hattie Oeek, Midi. 

Viking Pump Co., 4th A Siiuirc Sts., (Jedar Falls, la. 
Vllter Mfg. Cu., 2224 S. Ist St., Milwaukee 7. Whs. 

(p. .i^) 

Henry Vogt Machine Co., IDth A Ormshv St., Louisville 
10 , Ky. 

Worthington Pump & Machinery Corp., Ilurri.son, 
N.J. (p. /TL 

.VL ItiTrigerating Go., l.S.‘i4 W. 5!llli ,Sl., I'liie:i.gii .16, III. 
York Corp., York, Pa. (p. 6 .0 


PUMPS, BRINK, WA TER, eli. 

Allis-GlialiniM's Mfg. Gn., .MiIwiuiki i' 1 , \N in 
American-Marsli Pumps, liic., 11)48 Capitol Avc., N.I']., 
BbUIh Creek, Mich. 

Amerii'.an Well Wks., Aurora, HI. 

Aurora Pump Co., 401 Lnucks SG, Aurora, 111. 

(IK /- t ;) 

Bell & Cofiseft fio., 821)0 .Austin .\ve., Morton (irove, 

111. ^(p. 

Buffalo Pumps, Tnc., 465 Broadway, Buffalo 4, N.V. 
Chicago Pump Co., 2300 W^olfram SL., Chicago 18. Ill. 
Goluinlni.s .Si i>;ini Piiniii Wks., 724 \V . Gav St ., Guluinbii'^ 
8. I). 

M. 'T. DaviHson f 'n . 7 Dev S(N.5".G. 7 
Dean Hill Pump CjO., 4000 E. 16th St., Imlpls. 7, Ind. 
Di'i-alur I'uinj* Gn., 2750 Nelsnn Park ILL, l)rr-alur 76, 
111 . 

Demiiig Gt)., 884 S. B'way, SmIimh. I). 

Walter H. Eagan Co., Inc., 2,'1.'1G Fairmouiit Ave., Phila. 
30, Pa. 

Eastern Krigrg., 45 Fox St., New- Haven, Gt. 

Eafitern Industries, Inc., 2!)6 Elm St., New Haven 6 , Ct. 
Economy Faucet IT)., 12 New York Ave. Newark, N..1 
Economy PunipH. Inc., Hamilton, (), 

Fairbanks, Morse A Co.. 600 S. Michigan Ave., Chicago 
5, 111. 

Filter Paper Co., 2450 S. Michigan Ave., Chicago 16, III. 
Flint A Walling Mfg. Co., Inc., 95 Gak Si., Kendallvilh-. 
Ind. 

Foster Wheeler Corp., 165 Broadway, N.A’'.fk 
Goulds Pumps, Inc., Seneca Falls, N.Y. 

Guild A Garrison, Inc., 43 Kciip St., Brooklyn 11, N-5 . 
Ingersoll-Hand Co., 11 Broadway, N-A^.C. 4 


(Cotitinuril) 



Refrigeration Classified 


8Dii& AURORA PUMP COMPANY ^ 

TjI^ 101 f.onrk^ SirrpI, Aiirorii (CUicu|eo JSiibnrli) IllinnU V I 

IMl^ Manufncliirrr^i iif UMl^ 

TurbinL'-l ypp, Verlirnl nnil Horizonlal (^pnlrifiiji'iil imii Sprriiil llenifcn Pinups 
Distrihiitors in Principal Cilies 



ApcD Single Stage Turbine-Type 
Pumps. 


COMPLETE STOCK 
MAINTAINED 

for 

IMMEDIATE 

SHIPMENT 




Disassembled View Two Stage Apeo Turbine- 
'''ype Pumps for high pressure duly, 


ONLY 

MOVING 
PART IN 


CAPACITIES UP TO 150 G.P.M.—HEADS TO 500 FT. 

APCO PUMPS are IDEALLV SUITED to MANY REFRIGERATION DUTIES 


FEATURES—APCO pumps are distinguished 
for their ability to deliver small capacities 
against high heads; their ability to deliver 
with but slight change in capacity or effi¬ 
ciency against drastic head variations. They 
possess these advanced features—SIMPLE 
—WEAR-FREE—COMPACT • HIGH EF- 
FICIENCy • WILL NOT VAPOR BIND ■ 
PERFECT HYDRAULIC BALANCE • AC- 
CE5SIBILITY ■ HIGH SUCTION LIFT (28 ft. 


at sea level) - QUIET OPERATION - 
HIGH PRESSURE PER STAGE ■ DOUBLE 
SUCTION DESIGN ■ PRECISION SHAFTS 
■ BALL BEARINGS (Support on both sides 
of impeller) • RIGHT OR LEFT HAND 
OPERATION (Changeable in Field without 
special parts) • REPLACEABLE COVER 
PLATES ■ AVAILABLE IN VARIOUS COR¬ 
ROSION RESISTANT ALLOYS. 


SMALL CAPACITY—SIDE SUCTION PUMPS 


MEDIUM 

HEAD 





TYPE—SAC—Close Coupled 
Caps. 5 lo B5 G.P.M. 

Heads to 45 Ft. 

Sizes Available I'A", 2" 


APPLICATIONS 

These pumps are Ideally suited for 
use as integral part of Equipment 
Manufacturer's product, such as, air 
conditioning units, cooling towers, 
evaporator coolers, milk coolers, hot 
water circulators etc.; also for gen¬ 
eral service. 

CONSTRUCTION 

SPECIFICATIONS 

Made in bronze fitted, all Iron 
or all bronze construction 


TYPE—JMC—Close Coupled 
Caps. 5 to 150 G.P.M. 

Heads to 100 Ft. 

Sizes Available I", I'/i", I'A", 2" 


CASINGS vertically split—End suc¬ 
tion design—Made of high grade 
material as specified. Casing wear¬ 
ing ring standard construction on 
Type JMC. 

MECHANICAL SEAL is standard 
equipment on all sizes and is lo- 


caled in packing cover—easily re¬ 
placeable. 

IMPELLER is balanced of enclosed 
t/pe and made of high grade 
bronze material. 

SHAFTS—Slainleii Steel on Types 
JMC, SAC and JA. Can be furnished 


on Type SA at additional cost. 
MOTOR built to NEMA ipecifica- 
tions and equipped with STAINLESS 
STEEL shaft. 

BALL BEARINGS —Permanently 
sealed against dust and moisture 
—No lubrication required. 


AURORA CENTRIFUGAL PUMPS 


—are available in a complete range of types 
and sizes to meet the manifold requirements oF 
industry. These products of eMclusiye pump 
manufacturers are of outstanding quality in de¬ 
sign, material and workmanship. Aurora Cen¬ 


trifugal Pumps are distinguished for their stream¬ 
line designed impellers and waterways to in¬ 
sure maaimum flow with least resistance and an 
avoidance of the turbulance which commonly 
causes cavitation and consequent corrosion. 


WRITE 

TODAY 

for 

CONDENSED 
CATALOG "R" 
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Refrigeration Classified 


PUMPS, BRINE, WATER, etc. (Continued) 

JabaCD Pump Co., 2031 N. Lincoln 8t., Burbank, Cal. 

Byron Jackson Co., P.O. Box 2017, Terminal Annex, Lon 
Anseles 54, Cal. 

■facuzzi llruM., 5327 .Inruzzi Avn., liicli/rintid, Cdl. 

.1 DliriHiiiii Piirii|i (.3)., .3272 C. I'mithill Blvil., Po8hiIimi:i H 
f'alif. 

KuhlenherUer Enara. (3irp., IbOl) W. (iommoji- 
WBullh, riillerroii. Cal. [p. Hif) 

Lawrence Machine & Pump Corp., 371 Market St., Law¬ 
rence, Muss. 

Ijiiyiie ik lii»wler, Inc., I'.ll llux 11815, IJollywonil 
McnipliiH H, 'J'i'iin. 

Lb Cuurt^iiijiy I’o.. 15 Maine St., Newark 5, N..L 

Charles S. Lewis A Co., 2207 Pine St., St. Louis 3, Mo. 

Y. McDonald Mlg. Co., 12 Lh & Pine Sts., Duburiue, 
la. 

Manistee Iron Wks. Co., River Si.., Manistee, Mich. 

.Novo I'jiiKiiie I'u., 702 Porter Hi., LariBiiiK 5. Midi. 

PeerluBB Pump Div., Faixl Machinery it ('hemicui (Uirp., 
301 West Avc. 2 ( 1 , Los Angeles 31, Cal. 

Pennsylvania Pump &, Compressor Co.. Fusion, Pa. 

I’iiliui Miieliiiie it Mfa. Co., ^'nun|c it (Tille^ri- His., 
Piiiuij, (J. 

II. K. Porter t Co., Inc., 4nth A. Harrison Slfl., PillHliuri;li 
1 . Pa. 

(juiinby Pump Co., Inc , Div., H. K. Purler Co., HJ32 
Oliver HldK., PitlsburKli 22 . Pa. 

lleco Proilurlfl Div.. HefriReratum Kngrij. Corp.. 2020 
Naudiiin Hi., Phila. 411. Pa. 

llobbiiiB & MyiTH, Inr... 1345 LukoiiiIu Avi;., Hprinuneld.O. 

tleo. D. Roper Corp., 340 lUaekliawk Park .Ave., Uock- 
fnrd, 111 . 

Sluiulard Klee. MIr. (.!o., W'. Merlin. N..f. 

Sta-Rite Produels, Ine., Delavaii. VVis. 

.'<1 crliiiK, Inc., 373H N. Ilulliiii ,Sl., Milwaukee 12 , Wis. 

Union Steam Pump Co., Battle Creek, Mich. 

VikiiiB Pump Co., 4th it Squire Sts., Cedar Falls, la. 

Wayne Horne Equip. Co., HOI ljilnfl;rnw Ave.. Fl. Wu.voe 
4, liid. 

Weinman Pump MIr. Co., 2 !I 0 Spruce, ('oluinbus 8 , 0. 

Wurthlrigton Pump & Machinery Corp., Harrison, 
N.J. (p. //./,) 

Yeomans Bros, Co., 1433 N. Dayton St., Chicago 22 , 111. 

York Corp., York, Pa. (p. ,52) 


PUMPS, COOLANT 

Allis-('ltalioiTH Mfii. Co., Milwaukee 1, Win. 
Americ.an-MarBh PurnoB, Inc., 1.348 Capitol Avc., N.E., 
Battle Creek. Mien. 

Aurora Pump Co . 401 l.,nuckN Si., Aurora, 111. 

[p. 157) 

I'hieiLKii t3i., 23IMI Wiiiri'aiii Sl... I'liieaRo 18, III. 

neiiiiiiR (’ll., HH4 H. U'way, ,Salem. (1. 

Eastern Induslrius, Inc., 230 Elm St., New Haven 0, Ct. 
liiCiinumy Faucet IvO., 12 New York .\vr., Newark, N..I. 
Economy Pumps. Inc., llaiiiiltnn, (). 

Filter Paper Co.. 24.50 S. Michigan Ave., Chicago Hi, 111. 
liiKerBoll-Ttaiid Co.. 11 Broadway. N.A’'.C. 4 
Jabscu Pump Co., 2031 N. Lincoln St., Burbank, Cal. 
.lacuzzi Bros., Iru;., 5327 Jacuzzi Avc., llirdiiuund. Cal. 
Kohlenberiter EnUrfi. Ikirp., KiOn W. Commnn- 
wealtli, Fullerton, Cal. (/> SP) 

Manisteo Iron Wks. Co., River Ht., MuniBtee, MicJi, 
Marlow Pumps, llidgewiiod. N..L 
National Ticad Co., Ill Broadway, N.A'.C. 0 
Piqua Muchino t Mfg. Co., \ uung t Coolidgi! Sts., 
Pi qua, 0. 

H. K. Purler t Co., Inc., 4lHh t IlarriBun SIb., Piltsburgli 
1, Pa. 

(Bdmby Pump Co., Inc., Div., 11. K. Purler Co., 1932 
Oliver Bldg., Pittsburgh 22, Pa. 

Rcco Products Div.. RefrigeruLiun Engrg. Corp., 2020 
Naudaiii St., Phila. 4G, Pa. 

Hnbbin.s it Myers, Ine., 1345 Lugunda .-\ve., Hpringlield, 
1 ). 

Huthman Machinery Co., 1810 Reading Kd., Cin'ti., 0. 
'rutliill I’ump Cu., 1130 E. H5lh St., Chii-agu 10. HI. 
Viking Pump Co., 4th it Squire Sts., Cedar Falls, la. 
Wonnlnftton Pump Bt Marhlnery Cnrp., Ilarrlstin, 

N.J, (p. t44) 


PUMPS, DEEP WELL 

Ainerioaii-Marsh Pumps, Inc., 11)48 Capitol -\vg., N.E., 
Battle Creek, Mien. 

.American Well Wks,, Aurora, 111. 


Aurora Pump C^o., 401 Lnucks St., Aurora, 111. 

(p- L5;) 

A. D. Cook, Inc., Lawrcnceburg, Ind. 

M, T. DavidBiui Co.. 7 Dev Hi., .N.Y.C, 7 

Decatur Pump Co. 2750 NelHiiii lid., Decatur 70, HI. 

Doming Co., 884 S. Broadway, Salem, 0. 

Fairbanks, Morse it Co., liOO S. Michigan Ave., ('hicagn 
5, III. 

Flint & Walling Mfg. Cu.. Iiu ., 05 Oak Hi., Kijiidalvilli-, 
Ind. 

Goulds Pumps, Inc., Seneca Falla, N.Y. 

Iiigernull Hand Co., 11 Brnadway, ,N.V.( '. 4 
llyron Jackson Co., P.l). Box 2017, Terminal Annex, Liih 
A ngeles 54, Cal. 

.lacuzzi BruH., Inc., .5327 Jaeiizzi Ave., lliclnnonfl, t.'nl. 
.liihiiBtuii Puinfi tai., 2324 E. lOtli St., Lub AiigelcB 11, Cal 
Layiie <k Bowler, Inc., P.D. Box 11815, Hollywood Sla., 
Memphis H, Tenn. 

A. Mi'Diinald Mfg. Co., 12Hi it Pine SIb., Dubiiqui-. 

la. 

Paul PumpB, Inc,., 17LM) N. IIiirriButi St., Ft. Wayne?, Ind. 
Peerless Pump Div., Food Machinery it Chemical Curp., 
301 West Ave., 211 , Lob Angeles 31, Cal. 

Piqua Mar.liine & Mfg. I'li., A^iiiiig CuHi'ge Sis.. 
J’iqii.'i, (). 

A. 0. Smith Curp., .3533 N. 27tli St., Milwaukee 1 , AN in. 
Sta-Ril.e Prialuctii, Inc., Didavaii, Wis. 

Wayne? Home Equip. Co., KOI Glasgow Avc., Fl. AA'aync 

4, Ind. 

Weinman Pump (,'n . 200 Sprui’c Sl., Culumliii.s 0 , 1 ). 

Worthington Pump 8c Machinery Corp., Harrison, 

N.J. (p.144) 

PUMPS, FREON & METHYL 

.•\iiii*ricau-MarHli Puiupw, liic., 1!)4H (';ipit:il N.l.,, 

Battle Creek, Mich. 

Aurora Pump Co., 41)1 Lourks Sl., Aurora, 111. 

(/.. Ion 

Buffalo PumpB. Inc., 4(i5 Broadw'uy, Buffalo 4, N.Y. 
I'hic.ugii I’uinii Cu., 2300 U iilfram SI., (Miicagu IK, III 
Filter Paper Cu., 2450 S, Michigan Ave., Chicago Hi, HI 
Goulds Pumps, Inc., Seneca Falls, N.Y. 

Le Cnurtcnay (lo., 5 Mainr St., Newark 5, N.J. 

Lehigh Mfg. Cii., Lanciisl er, I'a. 

Charles S. Lewis it Co., 2207 Pine St., St. Loiuh ,3, Mn. 
XL llefrigeruting Co., 18.34 W. 5!)1h St., (.'liiccfigu 3(1, 111. 

Worthington Pump & Machinery Corp., Harrison, 
N.J. (p, //,/,) 

York Corp., York, Pa. (/). 

PUMPS, GEAR, VANE, ETC. 

Acme Industrial Co..205 N. Taiflin iSt., Chicago 7. HI. 
American Well W'kB., Aurora, III. 

Aurora Pump Co., 4IH Luut?k.«i Si., Aurora, III. 

(p. lo7) 

Bearh-Russ Co., .SI) Church Sl., N.Y.C. 7 (p. loP) 

Brown it Sharpe Mfg. (’o.,235 Promenade St., Providi'iici' 
1 . R.I. 

Deming Co., 884 S. Broadway, Salem, 0. 

EHBtcrn IndustrieH, Ine., 2911 lilin St., New llovi n, Cl. 
Eclipse-Pioneer Djv., Beiidix AviHtiuri Cairp., Teterboru, 
N.J. 

Fairbanks, Morse & Co.. 500 S. Michigan Ave., Chicago 

5, III. 

Filler Paper Co., 2450 S. Michigan \vc., Chicago 10 , III. 
Foster PumpB., Inc., 50 Washington St., Brookhm 1, N.Y. 
Gray-Milla Corp., 1948 Ridge Ave.., EvaiiBton. III. 

Giiulds PumpB, Inr., 3(K) Fall Sl.. Senrea Falls, X.A’. 
Guild it Garrison, Inc., 43 Kcap St., Brouklyn 11, N.Y. 
Kinney Mfg. Co., 3529 Washington St., Boston 311, 
Mass. (p. If!l) 

A. Y. McDuiiiild Mfg. I 'll., 121li it Pine SIh., Dubuque. la. 
PoerleBs Pump Div., Food Machinery it Chemical Corp., 
301 West Ave., 2lj, 1 .,db Angeles >31, (5al. 

II. K. Porter & Co., Inc., 49th it Harrison Sts , Pittsburgh 
1 . Pu. 

Gfto. D. Roper Curp., 340 Blnekhawk Park .\vc., Rock¬ 
ford. Hf. 

Scliul le it Koorfing t^o. Coniwells Heights, Bucks ( 'oiiiily, 
Pa. 

Trimount llutury Power Co., 18.9 C’edar lSL, Hr-dham, 
Mass. 

'I'uthill Pump Co., 9.39 E. !)5lh St., Chicago 19, Ill. 
Viking Pump Co., 4th it Squire Sts., Cedar Falls, la. 
Watson Flagg Machino Co., 845 E. 25th Sl., Paterson 3. 
N.J. 

Worthington Pump Ai Machinery Corp., Harrlaon, 
N-J. ip. 144) 



Refrigeration Classified 


PUMPS 159 


PUMPS, HAND 

Belli) IiiduHlrijil Eciuip- Div., Bd^uc Pjlec. Un., .^7 Knn- 
tuckv Ave., PaterHon, N.J. 

Deming Co., B84 S. Broadway. Salem, O. 

Kairbiuiks, Morec iV Co., HIH) S. Mirliintui Avi-., ('InraBn 

T), Ill. 

J'ilkM- Paia^r (\i., I24.'il) S. Miclii|t;in Avr , C‘liiiiugn Hi, III. 
lA WalliiiR Mlg. Cd., Inc., !I5 Hjik Si., Ki-niliillvilli’, 
lull. 

Imperial Brass Mfg. (in., 5.17 S. Racine Ave., I^hic- 
aftit 7, 111. Hj. 107) 

,\ . V-McDomild Mfp. I'll., 121 li A lViiir-Sts , Diibiirjiii-, la. 
A'iking Bump I'li., 4ili & SLiuii i' Sis . t’lMliir I’lills, la. 
Watsim-Stlllman Uti., Roselle, N.J. ip III' 

Wnrrhlnfitiin Pump & Machinery Uorp., Harrison 
N.J. tp /.{^i 


PUMPS, OIL 

Almiic Industrial t'o., 2U(j N. Lallin St.., ['liicago 7, III. 
.Ameriiiaii-Marah PumpB, Inr.., IHIH ('apitol Ave., N.l*l., 
Battle Creek, Miili. 

Aurora Pump Co., 41)1 Loucks St., Aurora, III. 

(P. C'77) 

.\-B (IinitrolH Ciirp., 24.51) N'. MJinl SiIMilwiiiikiM- II). W i.K. 
HowHtT, Inr., l.^l)2 E. CreiKlitim Ave., Ft. Wayne 2, Inil. 
Buffalo Bumps, Inr., 4U5 Broadway, Buffalo 4, N.V. 

!M. 'r. DiividHiin l.'n., 7 Dry St.. N.V.i;. 7 
DrLaval Steam Turbine Co., 853 NottiuKliam Way, Tren¬ 
ton 2 . N.J. 

Walter H. Eagan Co., Inc., 2330 Fairmount Ave., Phila. 
30, Ba. 

Fiastcrn InduBtries, Inc., 2L)(j Elrn St., New Haven 0, CL. 
Eroiiumy Faurei Co., 12 New \ nrk Ave., Newark, N..I. 
lii'uiioiny Buitipo, Inr., Mujiiillon, U. 

Killer Bapjer Co., 2450 S. MirliiKan Ave., (Chicago 10 , 111. 
Foster Pump Wka., Inc., .50 WaBhiugtoii St., Brooklyn 1 . 
N.Y. 

liniilils Bumjis, Inr., 3011 l'';i,ll ,S|., Sioirra I'aHs, N.V. 
flyron Jarksnu Co., B.t). Box 2017, Terminal Annex, Iios 
Angeles 54, Cal. 

Kinney Mfg. Co., 3529 Washington St., Host on 30, 
Mass. ip. I HI) 

l-i' Courtcjiay Co., 5 Maine St., Newark 5, N.J. 
buiiki’iibeiiriLT I.'o., Cinciiniali 14, I). 

A. McDonald Mfg. Co., I2lli A: I’iiieStB., Dubuiiue, In. 
Nathan Mfg. Co., 410 E. 100 th St., N.Y.C. 2!) 

Beerless Bump Div., Food MaiJiinrry it l^iemical t’orp., 
301 West .\vi*, 20, Li»s Angelcfi 31, Cal. 

II. K. Borler ik Co.. lnr., 4 !)th it Harrison Sts., BittsburKh 
1 , Ba. 

Bacine Tool & Machine Co., 1000 Carlisle Ave., Itacinc, 
Wis. 

Biibliiiis it Meyers, 1.34.5 I.agoiiila .\vr., Siningfield. D. 
Ceo. D. Hiiper Corp., 340 Hlackhawk Bark Avi?., Itoek- 
ford. 111 . 

Till hill Biiiii|i Cii., !).‘l!t I'C !l5lli Si., CliiiMign IP, Ill. 
Union Stejiin I’ump Co., Battrle Ccuk, Mich. 

Viking Pump tyO., 4th di Squire StB., (ycdar Falls, la. 
Watson-Stlllman Co., Roselle, N.J. (p. Ill) 

Worthington Pump & Machinery (]nrp., Harrison, 
N.J. (p. lU) 


The NEW BEACH-RUSS 

VACUUM PUMP 

for Testing 

Air Conditioning & Refrigeration 
Systems 



-r 


I Lighter, more compact and faster, the 
I new Beach-Russ Test Pump For air con- 
I ditioning and refrigeration systems is 
greatly superior to the old style Beach- 
Russ unit which has been the favorite 
of the field For many years. It gives a 
better vacuum, and is much easier to 
handle and operate. 

i 

SPECIFICATIONS 

I Vacuum 1/10 mm. 


Capacity 

Weight 

Length of Base 
Horse Power 


2.5 cFm. 

BO lbs. 

2B in. 

1/3 HP single 
end mator 


Oiling 


Automatic 

lubricaiion 


All valves eliminated. 


PUMPS, VACUUM 

.Allia-t Jialmora Mfg. Co., Milwaukra: 1. Wis. 

Arnerican-Marali PumoB, Ini;., 1948 CapiLnl .Avl-., N.l.., 
Baltlu Cri'ok, Mifdi. 

Barrft l,. HMiiiil.jniiS it Cn., 1 bizld iiii. Pii. 

Beach-Russ Co., 50 Church Si., N.Y.C. 7 (p. 1,1 1 ) 

Bury CnrnprL'BBor Co., 1712 t'nsiiadi- Si., F>ii‘, Pa. 

Central Seienlilie I’u., 17rK) Irving Park Blvd., Chieago. 

Chir.ago Pump Co., 231)1) Wfilfrain ,‘*' 1 ., Cliii'agu IM, Ill. 

CochraiiE Corp., 17lh St. below .Allegbeny .Ave., Phila. 32, 
Pa. 

ColumhuB Steam Pump Wks. Co., 724 W. Cay St., Co¬ 
lumbus 8, 0. 

( roll ni'ynrildH Engrg. ( nrp,. Iiif., 17 John St.. N.V.l'. 

M. T, Davidson Co.. 7 Dry St., N.A'.C. 7 

DeLaval Steam Turhine Co., 8.53 Nottiilgharn Way, Tren¬ 
ton 2 , N.J. 


Unit can be plugged in un lighting cir¬ 
cuit. Standard motor is 110 volt, single- 
phase, but moiar can be supplied For any 
required current characteriilics. 

Write for new bulletin 
on this pump 

BEACH-RUSS COMPANY 

i Vacuum Pumpi—Compreiiars—Gai BuDilers 

I 50 Church St. > New York 7, N.Y. 

! 

Branch Offices in Principal Cit/ei 


f Continupfi) 
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PUMPS, VACUUM (Uontliiueil) 

l^istilliiLiiiii lliv., KtiHlinnn Krulak Unrlii'H- 

tur 3, N.V. 

fA. Dunlmm Ct)-,4(K) W, Miitiifjiiii Si., r‘liii-;ipij ( 1 , III. 
.lolin J. nuppB Cn.. (j[;rrniLiil own, O. 

Waller H. EaKun Co., liir.., 2330 Fairnujunt Ave.. Pliila. 
30, Pa. 

M[.;lipHL“-PiuiirM*r Div., Ili>iii]i.\ AviiLl.ioii (!(irn., 'Fi'l i^rlmrn, 

N.J. 

foslcr EnKTK. Co.. Iiie., 7430 S. 13U) St., Newark 3, N..I- 
Foater Pump Wka., Iiie., 60 WiiBhiiiKloii St., Ilrooklvri IJ, 
N.Y. 

Fuller Ud., Box 42, Catanauqua, Pa. (p. 

Cuild & CarrioDO, Im;., 43 Kt;ap St., llrnnklyn Jl, N.V. 
liiKorHuiUKand Co., II Itrniidway, N.Y.O. 4 

Piinip Co., 2031 N. Lineuln St., llurhaiik, Cal. 
.loy Mfa. Co., Ulivor lUdis., I'illMhurah 22, Pa. 

Kinney Mlg. Co., 3529 Waahlngton St., Boston 311, 
Mass. (p. tut) 

Criiiiuii MroB., 100 Clirinl.ii* Si,., Nowiirk r), N..J. 

I. iiiiiniua Co., 420 CexioKlnn Ave., N.V'.C. 

Nash EiiKra- Co., 358 Wilson Jld.. S. Norwalk. Ct. 
PL'iiiisylvaiiia Pump A Coiiiprossor Co., Kaston, Pii, 

II. K Portor A Co., Joe., 4!ltli A Harrison Sts., Pittsbur^fli 

1 . Pa. 

Itoots-Connersville Hlowrr Corp., P.O. Hox 327, Coimers- 
ville, Ind. 

Robb Heater A Mig. Co., Div. of American Radiator A 
Standard SariiLary Corp., RiilTalo 13, N.Y. 

1'’. .1. Stokes Mai'.Ijine ('o., 'I'lihor Rd., Phila. 20, Pa. 
Union Steam Pomj> f.'o., Ral.lle IJrcek, Mirh. 

WliitliiiKLon Pump A Filler^. Corp.. 112l» ProHpeel ,SI., 
liidiaiiapoliH 3, Iml. 

Worthlnitton Pump & Miichinery Corp., llarriHon, 
N.J. ip. 144) 


PURGLRS, RFFRICERANT 

Armstronil Maehlnu Wks., H31 Maple St., Three 
Rivers, Mich. (p. /(A/) 


Baker Refrigeration Corp., S. Windham. Me. (p. (J:i) 
Belt-Ice Ciirp., 2H45 Ifith Ave., W., Sealllc 99, Wash. 

(p. 

Cojiollow t’orp., 2100 Arnli St., I’liila. 28, Pa. 

Creamery Package Mfg. Co., 1243 W. Washinglun 
Blvd., Chicago 7, Ill. ip. /.oi 

Guy Engrg. Co., 2730 E. lltli St., Los Angides 23, Cal. 
Guild A Garrison, Inc., 43 Kcap St., Rrooklyn 11 . N.Y. 
Knhlenberger F.ngrg. Corp., Ifdlll W. Common¬ 
wealth, Fullerton, Cal. (p. .i'/j 

Mueller Brass Co., Port Huron, Miuli. 

Rerii Products Div., Rcfrigcraliuii Engrg., Corp.. 2U21I 
Naudain St., Phila. 4fi, I’a. 

Rex Engrg. A Sulos Co., Hos 41.51, Oklahoma f oty, Dkla 
Worthington Pump & Machinery Corp., Harrison, 
N.J. (p. /44) 

XL RefriKeralinj:: Co., LS.M W. .5!ltli Si.. ('liicimo .3(i, III. 
York Cnrp., York, Pa. (p. .'i.') 


PURIFIKHS, WATER (See WATER TREATING) 


QUICK FREEZE CAllINiri S (See FARM fli HOME 
FREEZERS) 


I QUICK FREEZERS (See l-REEZERS) 


RACK, GEAR & PINION 

Reverage Engi'g. A Diiuip. Cd., 13301 Lakewood Ills. 
Blvd., Cleveland 7, O. 

Link-Belt Co., 301) PerHliing Ilrl., Chicago f), III. 
i Uliin (Jear Cn.. F. J7!) St., ( 'li‘vel!iiiil, I), 
i Standard Steel Spe.rialty I’n., Beaver Falls. Pa. 


RACKS, WIRE (See WIRE FQRMINC;) 


ARMSTRONG 

fo/feeff sreei pvrgirs 
Save 4 Ways 

Saves; 



Power • Work • Refrigerant 
. . . Increases Capacity 

CHECK your system for excess head pres¬ 
sure. . . . Each 4 lbs. excess raises the load 
on your compressor, reduces its capacity by 
1% and increases power costs 2%. Air and 
other non condensables collecting in the 
condenser and receiver are nearly always 
the cause. An Armstrong Purger rids the 
system of air and keeps it that way . . . 
reduces loss of refrigerant . . . saves power, 
labor and time. The Purger pays for itself 


in short order. GUARANTEED TO 
SATISFY. 

SEND FOR BULLETIN 192 for com¬ 
plete details and prices. 

HIGH SIDE FLOATS. Analher Armstrong 
product For the reFrigerotion industry. Ask 
For Bulletin 1 7B1. 



ARMSTRONG MACHINE WORKS 

B31 Maple 5L, Three Rivers, Mich. 
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wV. 

VACUUM 

PUMPS 


Kinney Maniifacliiring Company 

Boston 30, Massachusetts 

1 CIIIK 7, .'J[l L'.liiirrli Si. 

\ 2. Till I'.itiiim i‘rrl;il 'Irii-l lllll^. 

ir., 2 ii:n. i:. :i 2 n,\ si. 

I.IKS \M:KLI:S i;i, ;1‘M2 WthI Sl:iiip.i.n All*. 
l.lllllAlplJ ,'t. 122 S. MiL‘lii|;un Ati*. 

SAN FHAN(.ISi:i» ll, ;u,l| JcITL^rNnn Si. 


KINNEY HIGH VAClJtJM PI MPS 

Mechanical, Oil Scalcil 

Kinney Dry Vmciiuiii Pumps arc slanclard equipnicnl in llic plani.s of llie |n ineipal 
manufaclurcrs of household refrigerators and qiiiek frceAC iinil.^- fni dryiiifj cods, 
compressor units and drying^ nil. They are also standard eqiiij)menl in llic plants 
[)roducing temperature control units. Good mech.inical ])('i l urmance coupled willi 
high volumetric efficiency at the high vacuums needed to insure innistm e-free and 
air free units make Kinney Vacuum Pumps a necessity for such work. 1'he same 
high jjerfarmance is desiral)lc for repair .slioj)s. 

Kinney Vacuum Tight Valves insure tight systems. 

We recommend Kinney heated separator tanks when excessive moislure is present 
in the system to be exhausted. 


SINGLE STAGE 
VACUUM PUMPS 

Models VSD arid DVD 



Eight sizes arc available 

(13. 27, 46, IID, 217, .111, 486 
and 702 cu. ft. |)cr min.) wirli 
motors from to 40 h.p. The 
three smallest sizes arc fiirnishcil 
water CDolecl or air cooleil; all 
larger .sizes are furnisliL-d water 
Lorjled. Single Stage Pumps on a 
blank test will produce absolute 
pressure readings of 10 microns 
(.01 nun Tig.) or belter. 


COMPOUND 
VACUUM PUMP 

ModrI CVM 



I'inir piiMiJi .si/c.s air availabir 
llnnii 2 lu 4fi rii. il. pn min.) 
will) '.j \i) .1 h.p. riiiiifjr.s. The 

wDikiiig inrcli.'iiii'iiii is similar 
tin- .Single St-igi? but (lir Iwu i yliii 
drr.s an: roiiiietli d in .serifs. 'I'lir 
t'iini|>rjiinrl Pump has an air conlcd 
casing of uniriue design anri spe¬ 
cial provision for oil .sealing anil 
Iiihricating the high vacuum 
working parts. Low absolute 
pressures to 0.5 micron (.000.5 
mm Ilg.) arc rignlarly main¬ 
tained. 


VACUUM ri(;jiT 
VALVES 



Kinney Vacniim light Valves 
greatly faL-ililalc tL.sting itislalla- 
lion.s. 'Fliey are cuii.sLrucleil with 
a sjieLially ilesigiied metal licl- 
Irjvvs, [-liiniriating the usual .stuff- 
ing liDx. Leakage has been re- 
(lucL'd to .000,000,007 cu. ft. per 
secuiifl. Available in sizes I", 
1/z", 2" and 3". 


Ask for Kinney Vfivuum Pump Bulletin V5l 
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RADIATION, ULTRA-VIOLET (See LAMPS, BAU- 
TEHICIDAL) 

RAILROAD REFRIGERATION SYSI'EMS 

Cold Control, Inc., Ill Hroadway, N.Y.C. G 
Doan PnidiiL'tM, Inr., 1042 Dean Sr., Briinklyn 16, 
N.Y. [v- 

Frlftldalre Dlv., Gen'l. MiilurH Gurp., Dayton 1, O- 

iv- / 7 ) 

(iiiy EiiKrK. C'o., 2730 IC. IHh St., Lob AnseleB 2.3, ('al. 
Propane Development Carp., 41 Murray St., N.Y.C. 7 
Trane Go., La GruHse. Wls. \p. IIS) 

U. iS. 'I'liiTino Control f'o., 44 S. 12tli HI.. MiiineaiioIlH, 
Minn. 


REAGII-IN refrigerators (Sec REFRIGERA¬ 
TORS, REAGH-IN) 

REGEIVERS 

Aeklln StampliiA Go., 1929 Nebraska Ave., Toledo 7, 

o. (p. irs) 

Acme Industrie.*!, Inc., Mechanic & Gansun Sts., 
Jackson, Mich. (p. £ 111 ) 

Uii-ltarrl M. ,\riiiHt,rmi(r, f 'n., Iliix IBK, VV. Clu-etrr. I'a. 
Baker Rerrljlcratlun (^ri., S. Windham, Me. [p. t>-i) 
Hell Si I^ONSell C-ii., H20I1 Aii.sllii Ave., Miirliin Grove, 
111. Ip. i'lSf) 

IliiHHiTt lift., P.D. DniwiT .'15H, IJlii'a 1, N.V. 

(’□Id C’oiiirol, liiR., Ill Uroadway, N.Y.C. C 

Davin I'jiiKrK. Corp., 101(4 lO. Ciriiiid St., diziiheth 4, N..1. 

Dean Products, Inc., 1042 Dean Si., Buffalo 10, N.Y. 

(p. /W) 

Dersch, Gcssweln & Neiiert, Inc., 484.'i W. Grand 
Ave., f^lilcaiio .49, Ill. fp. 4^’) 

Doyle & Rolh Mfd. Go., Foot 23rd St., Brooklyn 32) 
N.Y. 

ritzBiiTions MIk. Co., 3775 E. Outer Dr., Detroit 12. Mieh. 
Frick Go., Waynesboro, Pa. (z^. .W) 

Coy Enicric. Cu., 2730 E. lltli St., Loe AiiKelee 23, Col. 
Ileal-X-Ghani^er Go., Inc., Brews! er, N.Y. ,p. IJO) 
lloiidaille-Hershey Gorp., 1900 Fos.s Park Ave., 
North Ghicaftft, 111. (p. /'<Vi 

Iniliistrial Wire ( Jolh Products (]«irp., Wayne, Mich. 

(p. 

Kelvlnal or Dlv., Nash-Kelvlnat nr Gorp., 14250 
Plymouth Rd., Detroit, Mich. (p. £-’/) 

Kohluiiherder Endrd. (3irp., lOOO W. Gomnnm- 
wcalth. Fuller!on. Gal. (p. 

Nntiter f.'Di'ii., 142G S. 2nd St., St. Tiimis 4, Mn. 

Patrerson-Kelley Go., Jnc., E. Stroud.sliurd, Pa. 

(p. r>s) 

Pittshurirli Pipe Coil ik lleiidiiiR (’d., 01 llridgc St., Etna 
P.O:, PittHburgh 23, Pa. 

lliiiM) Pi-ihIiiuIh Div., UcfriafriLliuii Eiigra. Curp., 2(120 
Naudoiri St., I^liiln. 4li. I’m. 
lieynoldH Mfg. Co., Inc., SpriJigfiidJ, Mt). 
llickmond Eiigra. Co., Inc., 7Lh ct lIoBpiiul Stn., Ricli- 
mond 1!), Va. 

RncBsiuK Mfg. Co., Sbarpaburg Sto., PiltsburKli, Pa. 
Si'.aife I j)., I liikniniil, Pii. 

Staiiilard Ileater ik Oil Enuip. Cn., 2-15 CnmeliHon Ave., 
Jersey City 2, N.J. 


RECEIVERS 

Hydrogen brazed, internally clean receiver 
tanks in sizes to meet your particular re¬ 
quirements. Standard diameters range from 
2 V 2 " fo O.D. Spacing of tapped spuds 
and overall lengths can be varied within 
broad ranges. 

All receivers approved by Underwriters' 
Laboratories. 

HOUDAILLE-HER5HEY CORP. 

North ChlcapD Dlvlilnn, Norlh ChloiDD, llllnoli 
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[ Standiird Refrigeration Cii., 332 S. TTaync Avl*., ('Iiicngii 
12, III. 

JVane Go., La Grossc, Wis. [p. l/si 

Vllter Mfg. Go., 2224 S. Ist St., Milwaukee 7, Wls. 

I (p. .W 

Henry Vogt Machine Co., lOth ik Ormaby St., Lnuisvilli* 
10 . Ky. 

Whitlock Mfg. Co., Drawer 3MD, Hartford 1, Ct. 
Worthington Pump & Machinery (]orp., Harrison, 
N.J. (p. 144 ) 

York Gorp., York, Pa. (p. rh/) 


RECEPTAGLES, ELEGTRIGAL 

.\rrnw-llur(. &, 11 (■gemiin I’Mim*. f’li., 11)3 Tl,ii\ llioni Si,, 
llurlfiiril li, Ct. 

General Elec. Co., 1 River Rd., Scheneetady .5, N.^'. 
Hart Mfg. Co., 110 liartholoniew Ave., Hartford 1, Cl . 
Pent Elec. Co., liie., 034 Minliigiin 'J’niHl- Illdg., (iriiinl 
RapidB 2, Aiich. 

Pyle Niit’l. CiK. 1371 W. 37Lli St.. Chieaeo !). III. 

Horeng Mfg. I'nrp., !)555 J^ilen .Ave., SeliilliT l^.irk. III. 


REGIRGIJ1.ATINC; INJKf:TDRS (See INJECTORS^ 


RECORDERS, HUMIDITY 

.Alibeon Sojiidy I'n., .58-10 41wl I)r., W idiil.side, N.’S'. 
Raeliarach liiiiiiHi.rial InHlruiuent Co., 701)1) Jlennetl kSl., 
Pittsburgh 8, Pa. 

Rrintol t/O., Wati rbury 21), Cl. 

Drown Iiistruiiieiit Co., Div., MiiuiPapoliB-Honeywell 
Regulator f'o., -DM W.'iyne .Ave., Philii. 44, Pa. 
Colloid Kfluip. Co,, Ine., 51) f'liureli St., N.A'.C. 7 
Ebh InslruoiiMil (hi., !)U5 WaHliingl on .Avi“., DergHiifiehl, 
N...I. 

I'oxboro ('d., 38 Ni'pmiBcl l*'i)\bi)ro, Maws. 

I Friiiz IuBtriiinenl Div., Dendix Aviation (hirp., 'J'aylor 
I .Ave. at liUL-li Kaveii Dlvil., 'rnwMoii, Maltiinore -J, 

Md. 

l.eedH it Nortlinip Co., 4!)7() Slr-nton Avt'., 1‘Jiila,. 44, Pa, 
.Manning. Maxwell it Mmire Irii-., 11 Eli|l.^ Si., Hriilgir- 
porl, 2, ('t. 

Minneapolis-Honey well Koilulalur Go., 2933-4rh 
Ave., S., Minneapolis 8, Minn. (p. i:') 

Palmer ’rhennoiTieters, Iiir., 2501 Nfirwuod .-\ve., ( 'in'ti. 
12, D. 

'I'agliabue liistruineiil Div., Wi'Hlim Eleilrieal Inslni 
nieni Ciirp., I’ll 1 l'’ri*liiigluiyBi‘n ,Ave., Newark 5. .\’..|. 
Taylor Iiislrumeiit (’dh., 05 Aiiii*h St., IIiiidu'sl it 1. N.5 
WekBler'riieriiujineter Cnrp., 52 VV. IliiuBlnn St., N.Y.C 
12 


RECORDERS, PR1':SSURE 

AHliliiiiValve (’n.. 43 Tvendrii-k St,, Wrentliaiii, .M;ih,h. 

Dailey Meter Co., 1050 Ivanboe Rd., Cleveland 10, I). 

Rristol Co., VV'^aterbury 20 , Ct. 

Rrowii Instrument Co., Div., MiiineaiioliH-Hiineywcll 
Heguhitor Co., 4414 Wayne .Ave.. Pbila. 44. I’.v. 

CoUnid Eiiuip. C i., Inr.., 50 Chureli St., N.VM'. 7 

Distillatiiin Priidiirt.>i iiiiliiBtrii',*i, Div. iif I'kintiiiaii 
Ki»dak Co., UochestiT 3, N.V. 

EBterliiie-AiigiiB Co., Die., P.f). Dux 505, Indpls. li, Ind. 

Fipclier it Porter Co., Jlatlioni, Pa. 

I'nxbnro ('n.,38 NepniiMi't .Aviv. Euxlmro. MaHM. 

Ilnys (airp., Mirliigan City, Did. 

liiPtrunii'iii it (taugr Div., EliM-lrir Aiil n-ljil i' Cn., 
Cliaiiiplaiii St., TLiledii 1,1', 

Maiuiiiig, Maxwell it Mnore, Ine., 11 lOlijis St., Dridge 
port 2, Ct. 

Mii.Hon-Xeilaii Degiilatur I'o., 1101) .Adanifi SI., DiihI.iiii 
24, ADihh. 

Palmer TliermomeliTB, Inc., 2501 Norwood Ave.,(an'li 

12 , O. 

F. J. StokpB MarhiiiD (" 0 ., Tabor Rd., Pliila. 20, Pa. 

Tagliabue InBlrumint Div.. W’i'aion Eli'iTrieal Ihh^ih 
nientCorp., Iil4 l''relinghuyBL‘n .Avr-., .Newark 5, N.,). 

'I'liylor InstruniiMit Cob., 05 .-\nU'H St., RnrlieHlrr 1, N.5'. 

H. (). Trerice Co., 1420 W. Lafayette Dlvd., Detroit Hi, 
Mich. 

Wcksler TliBrinomctcr Corp., 52 AV. UouBton St., N.A".('. 
12 


; RECORDERS, TEMPERATURE (See THERMOME- 
j TERS, RECORDING) 
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RECTIFIERS 
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RECTIFIERS 

FauHtepl Mctailurgir.iil Uorp.. Nni lli (Jliirajii), 111. 
riciif-ral Elec. Co.. 1 Tlivcr Kil., iSrlifiiiM'tmiy 5. N'.^'. 
.ruiiptl.c MFk. Co., 55(1 W. Monrr)oS(.. Ciiicagn l», 111. 

IV l{ . IMiillory A Cn., Inr.. l-V mi iSl.. 

lnih:iiiapoli^, liiil. 

.Si'li'piiiiii-liitL'liji Fi'iliTiil 'rfli-jjlimn' iV: Kiiilio I'orp., 

100 EiiiKelaml Kd., Cliriim. N .l, 

Cnili'd I'liniiiiiiiiii, Tiic., lllll IV 4l-'Tirl Si .. \.^ .1'. 17 
Wi'.sliiigliousc Elec. Corp., E. Pitt.sliiirgli, I’a. 


REDUCEHS, SFEEIJ (See SPEED CHANCERS) 


REFRICERAN'I'S (See partieiilar rerrlj^eniiii) 


REFRIGERA1 ION SYS I EMS, POR I ABLi: 

Raker Refrlftenition florp., S. WiiiLlliani, Me. ip t;-{) 
Uli.s.Hllelil MFk. I’d.. Dinml Si., lil .pnlirlil. .\lii-li. 
Dean Pnidurts Inr., 11142 Dean .Si., Hroiiklvii Ifi, 
N.Y. 

|{iM‘i» PrndlU'iw Div., Mf‘friKiT;iI ion Engig. Cnrii.. L'(L’I) 
Niuirliiiii Si., I’liilodi'l|ilii;i 'Hi, IVi. 

'I'l'iioey Eiiprg., Inc.. Jii Avr. h.. Ni'w.'iiK. N..I, 

York Corp., York, Pa. iji. .i..V) 


REFRKiERA'I'ORS (See parlieuhir type; al.so DIS¬ 
PLAY f:ASES; also WALK-IN COOLERS, eii .) 


REFRIGERATORS, RIOLOtHCAL 

.C'liii'-.ViLl imi!i I l{i«friKiT:i( ion (Vi., Inr-,. 4lllli Xvr.. 

IjOiig IhliLiiil I 'il.y, 

11. 11. Ilisliop it, (lo., 10.3 N. 2nd Si., Clinitipaign, 111. 

IViwMiT 3'i>(‘liniI'ii 1 l{cfriKcni I inn |)iv. ol Umv.siT. Iin-., 
'I'enyvil li', Ct. 

('oniiiiiTi'i!i.l ( ’ooliT Mfg. Co., ,^)7.‘!(;-12lli Si., Dclinil S, 
Mil'll. 

Eiim-r it .AiniMul, (ireoiiwii li S(., N.A'.IV 14 

I'^vaii.H MI'i;. Corp,, Kid S. JOtli Si., Ml. \'i'iiioti, 

I' oiri'l Hi'frij:rriil or Co., .'i 100 IlMflnoi SI.. I‘liil;nli lplii:i, 

FiihIit l{nfrigi;rii(.or Ciirii,, Mill it .N. 2iid St.. Iliiiltmii, 

X Y. 

Freezer Riix Oiv., Annapoli.s ^'arlil Yard, Rox 7')l, 
.AnnapoliN, Md. 

I'rillidaire Oiv., fjeii'I Motors Corp., Dayton I, D. 

lo./;i 

\. Hill it t'n., Iiir.,"!ri() IV-nninel nil A vr., Iri'ii I on 1, 

lingo MFk, Co., 'lO .Avi-. V\ . A Siijicrior SI., Diiliilli 10, 
Minn. 

.Iiiriliin H l■Fri^|;^■^!l I or I'o., .'iSlIi it Crnv'.** .\\'i'., Piiil.i- 
di-lpliiii 'i:!, IVi, 

K'oili l{L'Frigi‘rii,l oi'H, liOO 10. l-llli A\'i'., X , K;ois:is f'ilv 
Hi. Mo. 

MfUall llefrigcriilDr Cnrp., lliidson, 

.Iiiliii MowaL llefrigerntora, IKiili Folsom SL, San Fraii- 

■ I'iHlMJ 3, Cill. 

Nalmnnl 11 1 'Frigeralnrs (Vi.. H27 Kmlo .Avi'.,.'^l- I.oiiim 11, 
.Mo. 


I .1. 1’. rfeilTi'i it Son, Inr.. 200 N. I’nr.i SI.. Halliiiinri' I, 
.Md. 

! C. Si'liinidl ('ll., 1712 .Inlin Si., I 'ini-innal i 14, IV 
I Teimi'y Inigrp,,, Inr., 2li Avr. H, Xi'U.irk. N..1. 

I \N ard rieFrigerut nr it Mfg. Co,. li.’iOl S, .Alannalii Si., I.oh 
j Angeles 1, Cal. 


! 

i 


j 


I 


HEFRIGEHArORS, FLORIS'IS 

(A—Sclf-L'oiitaiiicd; D—Willi ruils hut viiiliiuil eoii- 

denalng uiiU; C—No colls nr coiiden.sind unll) 

(A) Carrier (airp., 3Ui S. Geddes St., SyraeiiHe I, N.Y. 

(/I. .2oi 

I'ooioieri-ial Cimlri M fg I'i i,, ri7::i'i-1 2lli. hriioil. ,S, Mirli 
(li) Cruse lloJrigeni I or Co., Inr., .'lO I VV. Main Si., Enuis- 
\ ille 2, Ky. 

(.\,ll,(‘) l)i'l:i«jire It rfrigi ml inn Co., M34 N. lilli SC, 
JMiilii. 23. JV. 

Evans MFg. Corp., Ilil) S. llllli .A\'r., Ml. \ rnioo, N.^ . 
(A.IH I’leel.wniMl-.Airdow, Inr.,-121 N. I'rniia .Avr., Wilkes- 
JVirrr, l*:i. 

(.A,H.C) I’ogi'l H I'frigrral nr I'n., .''i lOl) lladiim SI ., I'liila. 
37, JVi. 

Freezer Rox Di\., .Annapoli.s A'aelil Yard. Rox 741, 
Annapoli.s, Md. lp.2'V7) 

(.\,IH TM l-'ririlrirli, Inr.. 1117 11. Cnmim'rrr SI., San 
.AiiKiiiio li, Tr.\. 

Clin Hrfi igi'ial III’ I u , Hi.'* \N . \N voniing Avr., 
Pliil.iiiri|ilii;i 10. I':i. 

I\,H,I') .1 olin 11 rrii'l it I'i i ,, 241 I irai-SI., ColiiiidniH, 

li. (I. 

(,\,H,C) Herrick ReFrigeriilor Co., 1014 Commercial 
St., Waterloo, la. (ft. /r;,i) 

(H) (V Hill tt I’ll., Inr., 3lin I’riiiiingl on A vr., TrenIon 
1, N..I. 

(R) IliiSvSmann Refriileratioii, Inc., 2401 N. l.,elRng- 
well. Si. laiiils 0, Mo. (p. ,s.i) 

i.A,H.C) .lordon llerrigrrii i or I'o ..‘iSlli ,S|. a Cray's Avr., 
Pliil.adripliia 43,. I'a. 

i Hj Ivorli lli'l'rigrral.ors. liOO F. I Hli .\vr,. X.. JCaiiH.'ih 
City Hi. Mo. 

(.A ,H,C) .lark l..aiigsl(>ii Co., .'ITIMI I'doi Si I lallnH 1 , Trx . 
Mrf-jill llefrigrr.'ilor Corp., lIudHoii, N.^’. 

(H) MrOay It I'Frigrniliir Co., Krnilallvilli:, Inil. 

(.A.H) MaHlerFrerzr Corp., .Sinlrr H.ay, Wis. 

I V.IH .M ori.oii .'^liow I'oHi'M, I ii r., \\ auliiiighm I’luirl lionsi', 

O. 

( A.H.C'J .loliii Mowiil H I'Frigrral oi's, JHliil J''olHOin SL., San 
Fraiipisro 3, i 'jil. 

(A.R.C) National it i-Frigertilora (’o., H27 Koeln .Avr*.., Si. 
Louis II, Mo. 

(\,IL(') Nolin MFg. fn>., Irn;., 1100 .Madison Ave., Mf*iit- 
gomery 2, .Ala. 

( AJ ErfFinadil, Inr.., 1!M()S. Main Si., Loh .Aiigrli'S 7, fJal. 

( A,11) I’uffer-Huhliiird Mfg. Co.. Criitid Haven. Miidi. 

fV Sehmiill Co., .lolin it Li^’iiigHl.on ,SIh.. F.'in'li. 14, 
t). 

(Tl) .Srliwniiger-Kleiii, Inr., 720 Jtolivar lid., Clrveland, 

O. 

f A,M) Sf-r'ger IH'FrigiT.'ilor Cn., .S,')0 .Arradi: Si., Si. Paul O, 
.Minn. 

(M) .Sherer-CillL'll Co., .S. Kakinia/.iio Avr.\, Marshall. 
.Mir-h. 

( Contmurd J 


UNIT MANUFACTURiRS NOTCI 

Modem Field Servicing of Critical Charged Units 

can best be accomplishBcJ by using . 

FINE CHARGING BOMBS 

Tailar mads la manufaclurers’ requirements. Capacity 6 dz. 

Id several pounds. Assures exact field servicing or produc¬ 
tion line charging. ICC stamped for convenient shipping. 


FINE 

PODDUCTS 


■ ICC RsIriBBrinl Cylinjiri 

■ Ripid RBrillabli DBhrdrfllDri 
• RBlriK«rinl ChBrsins Hose 

■ SEALFLD Liquid Indicilori 

■ EcDnomy Banch Visas 

■ Duz-All Carbonic Gaa 
SarvicB Cylindars 




TSfUSf PRODUCTS CO. 


CHICAGO 9, ILLINOIS 
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Refrigeratiun Classified 


KKFRIC;F.RAT0RS, florists (Continued) 

(A,B) Siinpkix Mfg. Co., 1135-3rd St., Daklund 20 , Cal. 
SupBr-Crda Corn., 1020 E. 5‘Jth St., Loh Aiii^cIub 1, Cal. 
i'ylcr Fixture Corp., 1401 Lake St., Niles, Midi. 

(p. 

V'ikiiig Tlefrig era tors, Inc., 75()0 Wilaoii Ave., KansaB City 
3, Mu. 

(A.b.C) Ward HrfriKcralur & M/g. Cu., 0501 S. Alameda 
Ht., Luh Angeled 1 , Cal. 

(B) Warren Co., Inc., P.O. Box 1430. Atlanta 1 . Cia. 
(A,B,C) Weber Showcase it Fixture Co.. Inc.. P.f). Box 
20iB, Lob AiigelcB 54, Cal. 

HFFRIGERATURS, food service (Sec RE¬ 
FRIGERATORS. REACH-IN) 


REFRIGERATORS. HOUSEHOLD, ELEC'l'RlC 

Acnif-Niil’l. Bcrrigcralinit Co., Tnr., 20-24 40lli Avir., 

1 iOiig iHJ.-iiirl f.-ity, N 

Admiral Corp.. 3800 (Ilurtland St., Chicago 47, 111. 

CnoItTator Duluili 1, Minn. 

Ciipeland Refrigeration Curp., Sidney, O. (p. ^’-i) 

Crosloy Div., Avof) Corp., Cin'ti. 25. □. 

Friiiiklin TrmiHfurrni.T Mfg. Co., Inc., ii5-22nd, N.C-, 
MiiiiiCHpoliH 18, Minn. 

Frlgldalre Div., Gcn’l. Motors Corp., Dayton 1, O. 

(p. / ;) 

licneral Elec. Gu., 1285 Busl-on Ave., Bridgeport 2, Ct. 

Lribsun Rcfrigenitor Co., 515 W. WillianiaSt., Qroenville, 
Mich. I 

llotpuint, Inc., 5G0O W. Taylor St., Chimgu 44, 111. 

International HarvcBliT Co., IKU N. Michigan Ave., Chi¬ 
cago 1 , 111 . I 

Kelvlnatiir Div., Naali-Kidvlnatur Cnrp., 142.50 i 
Plymnulh Hd., Detroit 5, Mich. (p. i^/l | 

Leonard Uiv., NuBh-Kelvimvtor Corp., 14250 Plymouth ' 
lid., Detroit 32, Mich. 

Marvel ImlnHl.rieM. Iiir,, Slurgii*, Mirli. 

National Cooperatives, lur., 343 S. Dearborn St.. Chicago 
4. Ill, 

N urge Div., Burg NVunu-r ('i)r|i,, Mei eliandinc Marl 
Plaza, I3iieagu 54, III. 

Orley .Froe/.erB, Inc., 080 1C. Fort 8 t., Detroit 26. Mich. 

I’hiloo Corp., Tioga it C StB., Pliila. 34, I’a. 

Ilaiiiiiy llefrigeral.iir Cu.. Crei'iiville. Mieli. 

iSaiiitary Uefrigeral or l I’und du Lae. Wiw. 

Universal liefrigeration Co., 5001 W. t'eiitury Blvd., lii- 
glcwoiid. Cal. 

WcHtinghouBO Elec. Corp., MaiiBlleld, O. 


RICrKIGERATim.S. IIDIJSEIIOLD, ABSORPTION 

Hlieem Mfg. ( n.. 570 T/f'xiiiglmi Avi*.. 22 

Servel, liie., KvaiiHvilli' 20, liid. 


HEFHIGEHATURS. HOUSEHOLD, ICE 

American Coininercial I'aiiiiii. Cu., 4150 Holly Knull, Los 
Angi'le.s 27, I 'ai. 

Coolerator Co., 50 Avb. W. and Wadtnia SI., Duluth 1 , 
Minn. 

Ice Cooling Appliance Corp., MorriNun, III. 

Modern Refrigerator Wks., 823 Milford St., Glendale 3, 
Cal. 

Sanitary Refrigerator Co., Fund du Tiac, Wis. 

REFRIGERATORS.HOUSEHOLD. PRIVATE LABEL 

.Artkraft Mfg. Cu., E. Kibbey St., T.inia, O 
Franklin Tranofunner Mfg. Cu., Inc., Ii5-22iid., N. E., 
Minneapolia 18, Minn. 

Riiniiey Hefrigeralnr (^o., Gri'enville, Mirli. 

REFRIGERATORS, LOW TEMPERATURE FOR 
LABORATORY & INDUSTRIAL U.SE 

Amtncii Refrigeration PriiduelN Cu., 14.544 3rd Ave.. 

Detrult 3, Mlrh. (p. 

R. H. BiBhop L Co.,.103 N. 2iid St., Cbaiiipaign, III. 
BowBtT Tecnnicul Hefrigeratioii Div. of Buwwr, Inc.. 
Tcr^villp, I't. 

Brewer-'JilrliBiier Corp.. Bingliaintun, N.V. 

Canier Gorp., 3VJ S. Geddea St., Syracuse I, N.Y. 

(p. '2ii) 

Chapiiiiin & Wood liefrigeration, 4825 SouthwCBt Po¬ 
mona, Portland Hi, Ore. 


Eimer St Amend, 633 Greenwich St., N.Y.C. 14 
EvaiiH Mfg. t'urp , 4li0 S. lOtli St., Mt. Veninn, N.V. 
Fogel Refrigerator Co., 541)0 Eadom St., Philadelphia, J’a. 
Foster Refrigerator Corp., Mill & N. 2nd St., liudBon. 
N.Y. 

Freezer Box Div., Annapolis Yncht Yard, Box 7VI 
Annapulis, Md. (p. 2i>?) 

Frick Co., Waynesboro, Pa. (p. Ji) 

Gay Engrg. Co., 2730 E. 11 th St., Loh .AngeleB 23, Cal. 
Gem Refrigerator Co., 105 W. Wyoming -Ave., Phila¬ 
delphia 40, Pa. 

.Inhn Hcrrel it iSoiiM, Iiii:., 244 Iji-ar SI,., Coluiii1iii.>i li. f). 
Herrick Refrigerator Co., 1019 Commercial St., Wa¬ 
terloo, la. (p. 

Hussman Refrigeration, Inc., 2401N. L effing well. Si. 

Louis 6 , Md. ( 71 . S,i) 

.lurdon llefrigiTiilur f 'u.. 5Stli St., i't CrayH .Ave., Pliila- 
delphia 43, Pa. 

Kiicli llefrigenitorin, 600 L. I4l.li ,Avi‘., .N., Kmuhu,.** f'i( y. 
16, Mo. 

McCray Jie.frigerator Cn.. Kendallville, Iinl. 

.John Mnwat HefrigGrature, 1866 I'ulHom St., San Fran- 
ciscu.3, Cal. 

National Uefrigeral, uih Cu., 827 ICueln Ave., SL. IjUiiiM 11. 

Mo. 

.1. P. J’feiffcr it Son, Inc., 200 N. I*aca St., Baltimofe I. 
Md. 

Heeu l*riMluct.H Div., Uefrigeral.iiui Engrg. f'urp-, 21)20 
Naiidaiii St., INiiladelpliia 46, La. 

Refrigeration Economics (hi., Inc., 12.31 K. 'I'usca- 
rawas Si., Canton 4, 1). (p. 

C. .SfliiniiJl. (<o.. 1712 .lohn .Si., f'iui innati 11, I). 

Emil Stuiuhorst it Sons, Inc., 612 South St., Utica 3, N.Y. 
Swi'deii Fn‘ez,er Mfg. t'u., 34[)l-17tli .Ave., Wi*hI, .Sr-aLtle 
on. Wash. 

'I'agliahne. luBtruinent Div., Wi'nlmi Eleelrii’al Innlru- 
iiient (k)rp., 614 rreliiigliiiv«eii Ave,, Newark 51. 
N.L 

'I'eiiney Engrg., Inc., 26 .Ave. B, Newark 5, .\,.l. 

Victor PrixlucliB Corp., .^01 Pope Ave., HagersLuwii, M J. 
W.arren rui., Ine., IM). Box 1436, .Atlanta 1 , (la. 

WilMun Uefrigeratiuii, Ine., S. .Main .St., Smyrini., i.)el. 

York Corp., York, Pa. (p. . 12 ) 


REFRIGERATORS, MDHITJARY 

Fogel Refrigerator Co., 5100 Eadom St., Phila. 37, Pa. 

John Ilerrol it Soiib Co., 24-1 Lear St., CuhirnbuB 6 , H. 

Herrick Refrigerator Co., 1019 Commercial Si., Wa¬ 
terloo, la. (p. ttiA) 

John iMowat Hefrigeralors, ISiill I’oIkuiii St.., San Lran- 
ciflco 3, t’el. 

Niitinnul Uefrigeral.urf- t'u., 827 Kim-Im Avi'., SL. I.LmiH II, 
Mo. 

J. P. I’leiffcr (t Son, Inn., 200 N. Paea St., Baltimore I, 
Md. 

Reco PriMluctB Div., liefrigiTalion lirigrg. Corp., 2020 
Naudaiii St., Phila. 46, Pa. 

C. Schmidt Co., John & LivingBLun SIb., Cin'Li. 14, O. 


REFRIGERATORS, REACIl-lN 

(A—Self-contained; B—With colls but without con- 
densliig unit; C—No colls or condensing unit; D— 
Ice refrigerated) 

Bally Case it Cooler Co., Bally, Pa. 

(A.B) Carrier Corp., 302 S. CeddeR St., Syracuse I, 

N. Y. (p. 3u) 

(A,B,D) Cruse Refrigerator Co., Inc.. 504 W. Main St., 

Louisville 2 . Ky. 

Delaware liefrigeration Co.. H.34 .N. 6 (h St., Phila. 23, Pa. 
Evans Mfg. Corn., 460 S. 10 th Avi*., Mt. V'ernon. N.V'. 
(A,B,C,n) Fogel Refrigerator Co., 5400 Eadom St., Phila. 
37, Pa. 

(G) Freezer Box Div., Aiinapnlls Yacht Yard, Box 
791, Annapolis. Md. ip. 2 67) 

(A,B,D) Ed Fnedricli. Inc., 1117 E. Commerce St., San 
Antonio G, Tex. 

(A) Frlgldalre Div., Gen'l. Motors Corp., Dayton 1, 

O. ip. 17) 

(A,JLf^D) Gem llefrigerator Cu., Iti5, \V. Wyoming Ave.. 
Phila. 40, Pii. 

(A) General Elec. Co., Air Conditioning Dept., 5 
Lawrence St., Bloomfield, N.J. (p. 2.0) 

Harder Refrigerator Div., Tyler Fi.vture Curp., Cobleskill. 

N. Y. 

(.\,B) John Herrel it Sons Co., 244 f.ear St., rulumhus 6 , 

O . 





Refrigeration Classified 


(A,B,C,D) Herrick Refrigerator fi'n., 1U19 (^nminer- 
clal St., Waterloo, la. ( 71 . /r;,i) j 

(A.Tl) C. V. Hill & Col, Ini’..3t)U riMiniiiKi,,,, Ave.. Trrn- I 

ton 1. N.J. I 

(A) lluHsmanii Refrigeration, Iiil-., 24IM N. I.elTlnA- j 
well, St. LouIm 6 , Mo. (p. .s',i) 

lA.l',(',!>) .lordnii llrfri(itT;U nr I'n. Tihih Si. iV: CmyH i 
IMiilii. 43. 1*11. , 

Kelvinatur Dlv., Nash-Kelvinator Curp., 142110 
Plymouth Rd., Detroit, Mich. (p. Ji) ' 

Ktjili 11 i‘fri»'i‘i:Ll ni> 5 , liiKI iv Mill Si., Nurlli l\;inh:ih 
Cily Hi. Ml*. I 

(A.H.C!) JjH Ctobhc Cooler 2KU!l l, 0 Bcy HIvri.. ,S.. La 
I> 0880 , Wis. I 

fA.Tl.C) .Itiiik T.uin|;Btoii Oj., 3700 Elm St., IlnlluB 1 . 'Frx. i 
(A,H) MrCniy liefriRLTator Co., Kciidallvillc, lull. 

LX.H) MaHti-Tfreeze Curp., Sister Hay, Wis. 

MattlicwB HefriKerator it Door Ok, 510.3 S.E. Powell 
Hlvd., Portland fi. Ore. 

( \,H) Morton Show I’iihiih, Inf.., WaHliiiiBion CourthouBe, 

U. 

(.A,H,(.’) .loliM M owat liefrineratorH, IHlili I'nlsiiin St., San 
FrJiiu'iHi'o .3, ( ’al. 

(A.H) Nantifoke IlofriKorator ManufaftiirerH, Corner 1 

IIill it. Sliifje Sts , Nanticoke, Pa. ! 

(A,H,C,D) National llidrigeral ora Co., S27 Koeln Avo.. 1 

St. Louis 11, Mo. 

(.A.H.r*) Nolin MIk. Co., Iiil-., 1100 Madison Ave.. Mont¬ 
gomery 2 , -Ala, 

I '. L. JN'i i'ival Mefrinerator Co., IHO.'j E. 4lli .S|... Hootii-, l;i. 
i.\) Pprfoeold, Inr., I UK) S. Main St., Loh .Anpeli's 7. ( jil. 
(A.M.C) J. P. PfoilTer it Son, Inr., 200 N. Paia St., Haiti- : 
more 1 , Mil. 

( \,H) PulTer-lliiObard Mfg. Co.. Crund Haven. Mirh. 

|{l•l■N Prorhii'ls l)iv., H elriuera 1 1011 I'nirrji ('orp. 2020 
Naililaiii Si., Pliila. 21 ), I'a. j 

( A.lH C. Sfliniidl, Co., .John it Livin^^sl(»n Sis., ('in’ti. 11, 

0. I 

'!*) SchwL'iiKor-Kleiji, liic.., 720 Hulivar lUl.. Cleviljind, 1 

(). i 

I A.M) Sei'niT RefriKi'rator I !o., 850 Aroade S)., S(. I’aul 0, 
Alinn, 

f.A.Hi SliCTor-( lillett Co., S. Kalamazoo -Avi ., Marshall, 
Mich. 

iH) SouthiTii Fixture Mlg. Co., I’.O. Ho.\ 245, (Jreens- 
horo N.C. 

(M) Star Mel.al MFk. Co., 'rriMitoii .Ave. it .Ann St.. I*liila. 

34. Pa. 

Su/ier-l'old fairp., 1020 1C ri'.llli St., Lofi Aiure.li^s 1, t'al. 

(Bj 'I'yler Flxliire Ciirp., 1401 Lake St., Niles, Mich. 

(;». s,j) ; 

i \,C; I'nileil l{i'iViKiTal or Co., Hudson. \N i.s, 

N'ilviiiK HefriKoratorfi, Iiie., 7500 W ilson Are.. Kansas City j 
3, Mo. 

Ward Helriiieriitor it Mfy. (.’ 0 .. li-'iOl S. .\laiiii-d:i St., Los 
.Am^eles I, I 'al. 

(A.H) AVarren C-o., Int-., I’.O. Ho.x 1 1.35. .AtlanUi 1 , Ca. 
f.A.H.C) Weher Showcase tt Fixture Co., Inc., 1^.0. Hox 
2018, Los .AiikcIcb 54, Cal. 

I A.H,Cl AVilsoii Il'-j lieer:! I ion , lor.,S Main Si.. Smyrna, , 
Del. 


REFHICKKATDKS, RK.STAUHANr fSee RFFKlt;- 
FRATORS, RFACH-INl 


REFRIGERATORS 
REGULATORS 165 


REFRHIERATDRS^SALAD COUNTERS 

HusUaii-HlnsHinK Co., 4201 VV. Pol erstm .Avb., Chiraiio 40, 
111. 

Dean Products, Inc., 1042 Dean Si., Brooklyn 1b, 

N.Y. \ (I 

I'lvaoH Mfp. Corp., 400 S, lOtli .Ave., Ml. A'lTiinii, N A'. 
Fiipel Iterripemi or I 'o.. 5401) lai dnm Si., PliiljLdelpliia , I’a. 
I'Yaiikliii HimI.v tV I'aiiiipmenl Cnrp,, 1042 Mean S! , 
Hroolilyn Hi. N.A . 

.hilni IliTn-l i\: Sons Ine., 244 Lear Si.. I nliimhii.s 11. I) 

C. \ . Hill it Co., ho-., .'ilill rrmiiiiplnn Trenlim 1, 

Stiiiilev Kiiipli! Cnrp.. .3430 .N. Pulaski Hd , Clm-apo 41, 
111. 

.loloi Mowal llidripcral *rs. ISHU FoIhoiii .SI., Sail I’niii- 
eim-ii .3, L'nl. 

StaiiilesN Food I-aiLiipi. Co.. 272 New Si., Newark, N..F. 
Star MiUal Mfp. I’.'n., 'Viaiinii Ave. it Ann Si., J’liila. 3 1, 
Pa. 

Wjird Uelriperator it Mfp. Co., (i.5l)l S. Alniiiedii SC, Jai.s 
A'tpeles 1, Cal. 

KEIHSl'ERS (See CKILM Si 

KECUL.A I'DKS (See particular type rnllowinit; hInii 
VA).\ 1 KOLS; also CONTROLLERS) 

RECISMDRS, tiARBON DIOXIDE 

■Air Iti'diieiioo Sales ('n.. (il) E 421111 SC, \.A .(', 17 
H.-istiaii-Ulessinp t’o., 1201 \\ . Peterson Ave., t'liicJiKO 41), 
HI. 

CoiioHow' ('orp., 2101) .Arr-li Si... Pliila. 28, I’a. 

Defender Instniment it Hepiila) or Co,, 815 Clark Ave., 
,St. Louis 2, M 0 . 

DockNon Curri., 383!) Wahnsli .Ave,, Delroil K, ,Mii:li. 
Haniinel-Dalil (’o., 243 Hielimonil SI., I’rovideiiI'e 3, H.l. 
lluyn ('orp., MichiKim t3ly, liid. 

Manniiip, Maxwell it .Monrr-, lin:., II |]li;is SC, llriilii:i'- 
porl 2, ('I. 

.A. Norcreii, 222 Santa Fe Drive, Dioivit, toil. 

Pure f arhoii ie f 'n., Di v . of Air I Cm I lO'I ion ( 'n., I HI I'. 12ii i| 
SI., N.A'.C. 17 

HefriKeratinp Sipfcialties Co., 728 S. SaiTiiiiienl.o HlviL, 
CliieaKO 12. 111. 

RECULATORS, I'LDW 

Hailey Meter Co., 10.51) Ivanlmr: Rd.. r;leveliind 10, O. 
Harher-('olmaii t 'o.. |{nelvrtiirl, III. 

Hristul Co., Waterhury 2!), Ct. 

Hrown I/istiuineiit I'n.. Div., MiniiRapolis-IIoin-ywell 
lieKiil.ator Co.. 1111 Wayni; Ave.. Pliila. 44. I’a. 
f'limax Conirols Div., Hlaek, Siviills it Mrv.‘*oii, lio'., 
Iliix 15211, Tulsa 1 , Dkla. 

Cooijflow Cnrp., 2101) Ari li SC. I’liila.. 2H. Pa.. 

D. -ivi.H Ri'pulalor I'n.. 2.54 1 S, W aslileiiaw Avi-., f'Ineapo 

M. III. 

Fischer <t J’orter l a*., Hathoro, Pa. 

|''ii\hiiro t'o..38 \rpniiHel .Ave., I'rixhoro, Mase. 

Ceneral Controls Co., NIH Allen Ave., t^leiiilale 1, 

Cal. fp. ''-H 

Ihiniroel-Duld Co,, 213 RicluimriiJ St., I’roviileiiei- .3, 11 1. 

(( f'lif imii i/J 




STAINLESS STEEL 
n E F 1C I G E II AT O R S 


Standard and Custom Built 
Reach-Ins . . . Step-Ins . . . Walk-Ins 

Performance-Proved (or Hotels, Restaurants, 
Clubs, Hospitals, Universities, Colleges, 
Institutions, School and Factory Cafeterias. 


MODEL R5S66 


WRITE FOR INFORMATION 

HERRICK REFRIGERATOR COMPANY 

lOli COMMERCIAL ST., WATERLOO, IOWA 




REGULATORS 
165 RELAYS 


Refrigeration Classified 


REliULATOHS, FLOW (Oiintinutd) 

Hays Cnrp., MicliiKaii Cviiy, rnd. 

Huyi Mfn. Co., 12til ik liibi'rty Stn., Crii;, Pil. 

Kliuft!l Valves, liio., IDOU WelJcr Ave.. Muiiiill.on, f>. 
Leelie On.. Viillny Jtrnolc Crant Avf., LynclIuiiHt. N..I‘ 
MlnncupollH-lliineywell Ke^ulaliir Cii., 29.)i)-4lh 
Ave., S., Af liineapiiljs N, Minn. [}). f!7) 

Moore PruiluctB Co., JI A TjyeoiniriiB' »StH., Ptiila. 2-i. Pa. 
PittabiirRh Kiniitable Meter Div., lloekwell Mf^- r'o.,401) 
N. LexiiiKtoii Avi)., PittsburKli S. I'a. 

KefriKeriitiiiK Spi'eialtii'B (’o., 72H S. Sall^^:llnc)Tl lilvil., 
Cliica»Ei) 12, 111. 

'I'ayloT liiHtninieiit Coh., IIS AiiieH St., lliif-lieBler 1, N.Y. 

'I'rane Co., La OoNae, Wis. (p. Its) 

II. (), Treriee Crj , M2I) \V. L:lI:i vi'l<i‘ lllvd., Delritit Hi. 
Mil'll. 


REGULATORS, LIOUID LEVEL (See CONTROLS 
LIOUIO LEVEL) 


RECiULATORS, PRESSURE, 'EEMPICRATURE, eie. 

Air llediu'.l iini Siili'P Co,, (if) C. '12iid Si.. N.V.C. 17 
Aiiu'rii']i,n DiHlrii'l Strum Co., Hryaiil St., N. 'I’ljiiiLW.'uida, 
N.V. 

.\iil.()iiiiil ir TniiiiiTiitiirr ( ’iiiilrnl f^u., liir., ri212 PulasUi 
Avr., Pliilu. 44, l’:i. 

Huilry MrI.rr ( 'o.. Ifl.M) Ivuiilior Hil., Clrvrlaiid 10, O. 
Hiirbrr-f'iilmaii Co.. llorKfonl, III. 
llriHtol Co.. Wuterbury 21). ('I. 

Pniwii liiHl.runiiMit ('ii., Div., Miiiiira.|joliHl lonrywi'll 
HofU'iiliitor (- 1 )., -l-IPl Wu.VMi' Avr,, Philu. I I, Pa. 

A. VV. CurIi ( 'll., 541) N. IKth Si.. DrruHir, 111. 
f'lilTiird Mln. I 'li., Div. of Slil. Tlinm.'iuii ('n., (Jruvr Si.. 
VViill liiiiii, M:i8r. 

( liiii.'ix ('iiiilnilH Div., Plock, Si\'allR •'i: I'rv.soii, Inr., 
Ilox 152!), TiilHii I. Okla. 

('ijiiolliiw Corp., 2100 Ari'li S( ., IMiila. 2<S, ]*a.. 

('oral Di'nijriiM. 121(1 A,sloria Ithil,, Com.': Cslainl 2. \.^ . 

(irane Co., 8.)b MU'hlfiaii Ave., Clili'aiio 5, 111. 

(p. !>>:*) 

DuviH II r'Kulal or ('ll., 2511 S. V\ aHlitrnaw .Xvr., Chir.‘ij»n 
B, III. 

Drfriidrr liiHtruiurut it Kcnulalor ('o.. BI5 Clark Avr., 
St. Collin 2, Mo. 

OerNi'li, CeNHwein /k Nriirrl, Iiii., 4N4.S W. Grand 
Ave., Chli'afto ,PI, 111. (p. .p/i 

DorkHon (airp., OKI!) NN’;ili|i,nli .Avr,, Dniroit S, Mirli. 
Clri'tric. Sprayit (ai., 1415 llliiioin A\c., Sliriui.VKaii, Win. 
CrirkBoii Sjiri'iulty f'o., 10 ('iiyudJi S)., ('oliorn, N.V. 
|■’i.snllrr A i’orl,i!r Co., llallioro, I'a. 
l''iiHli>r Cnurn. Co., S:t5 Crliii^li Coioii. N..1. 

l'’oxCorn f'o , I.IS Nrponnri .Avi,. I'oxboro, .Mass. 

I' lilfoii Svlplioii 1 )ivi.siiiii, l{olirrlHliaw - l’'iilloii ('oiilrols 
( 'o., Iviiiixvillr 1, ri'ii. 

f oiH ik ()il InduBti'v li.'ihs., Inr., I Paiiir .Avr., Ii viiigloM 

II. N.J. 

fieiieral (niiitroiR Go., NO I Allen Avr., cnendale I, 
l -al. l/i. ii-J) 

llanillirl-1 )iilil (!o., 21.1 Hirlininiiil Si., Proviilrnrr .4, ICC 
lIuyH Corp., Mirhijran City, I ml. 

Iliibbell Corp., P.O. Ilox 7011, llawlev Kil., At iindeleln, 

III. (p. .s’;^ 

Imperial IJniNN Mfi^. Co., .S.17 .S. Racine .\ve., Chicago 

7, 111. (p. an] 

■loliiiNoii HiTvii'i' Co., 507 C. MirliiKiLii SC, Milwaukrr22, 
Win. 

• I. Kri'Jiiry Co., 100 MailiBini St., CliiraiKO I), III. 
Klipfrl \ alvrs, Inr., 1000 Wrllrr A\'r., 1 laiiiillon, D 
Crrils iV Norlliriip I'n , 41)70 Striilon Avr., Cliila. 44, P:i. 
■Maniiiii^, Maxwi'll iV .Monrr, Inr., II I'.lias Si., Mrirlcr- 
porl, Cl. 

M a.snii-Nrilaii Itrp.iilal nr (‘o., 111)0 AdaiiiRSl., Hi).sliiii 24, 
Mans. 

Mrrroiil Corp , 4201 nrliiiiuil. ,Avr.. Cliii-airo 41, III, 
AUnneapLilis-floiieywell Reguhilur Co., 2933-4th 
Ave., S., Minne.aprill(i 7, Minn. (p. G7] 

Miii'IIrr Co., 512 W. Crrro Gordo St.. Decatur 70, Ill. 
•Mueller Stijuni Sprcialty Co., Inr., 40-20-22n(l St., Loiijj; 
Inland City C N.Y. 

i'. A. Norerrn, 222 Saiit;i Fr Drivr, Drnvrr, Colo. 

Faiisi'he Airbrunli Co., 1000 llivrrBfv Pkvvv.. ClnraRo 1 I, 

111 . 

Penn Elec. Switch Cn., Goshen, Ind. (p. ilH) 

PiUnbuFKli I'muitabK* Meier Div., 100 N. Ce.\ii)elon Ave., 

T’ittBbur|u;h B, P.a. 

llefriKeriitiii^ SprriaKii'S Co., 72.S S. S.arramrnlo Hlvd., 
CliicaKii 12, 111. 


1 Hof'kwi'll Mfe. Co.. 401) N. Crxin^toii .Avr., Pi) t3biirj!:}i 8, 

1 

' iSari'o Co., Inr., it50-5lli Avr., N.A .C. 1 
I Sel.adr Valve MIk- Co., 2527 N. Hoilinr St.. Phila. 33. Pa. 

: SlaMtil.e. ProiliirtH, Inr., Di-laviin, Win. 

! S).ronc, (.airliHlc & llaoiinnnd tai., 131)2 VV. 3rd St., 
! Cleveland 13, 0. 

; TaKliabur Inntruinrnl Div., VV rntoii Elretrical IiiBtrii- 
I iiiriit (airp., 1114 FrrliiKiliuyRrii Avr., Newark .5, N’..C 

j Taylor Irintruinent Cob., 05 .AinrH St.. llorlieBtcr 1, N.Y, 

! H. A, 'J'hruBli tt Co., 21 C. Rive-rside Dr., Peru, Ind. 
j U. S. Caugr, Div. of Ainrrii-an Marliinr it Metals, Srllrrs- 
j villr, J‘a. 

j Watts Regulator Co., 10 Cnibankinent St., Lawmiec, 
] Mubr. 

I VVlirrleo liiBlruinriiln f'n., llarriRini it Proria Stu., 
f3iieago 7, 111. 

VVliitr-RiidgerB Clerlrir Co., 120;) Ca.s,s Avr., SI. Coui.s Ii, 
Mo. 

VV’ooHter RruHH Cu.. 14 15 C. Mowniao SC, VVfioBlrr. (). 

XL Refrigerating Co.. IS'M VV. 5!il}i St., Cliirago 3(i, III 
York tjiirp., York, l*a. fp. 


REGULA ri)RS, V OL I A GE 

.Aenic l'3rr. Cot()-. ('ill»a,. N.V . 

.Ainrrii;an 'rian.sforinrr f’o., 172 I'lnirni-t ,SC. Ni'wark 5, 
N..1. 

.Aulomalir 'rrmprialurr Conlrol Co.. Inr., 5212 PnlaBki 
Avr.. Phila, 44, Pa 

la-lipHr-JhiMierr Div., Hriuli.v .A vial ion Corp., 'I'rirrhorn, 
N.C 

' I'Mrrtrie Mai'hinrry Mfg. Co., 133,8 I’ylrr St., N.!!., Miii- 
nrapolin 13, .Miijii. 

j Grneral JOlre. Co., 1 HiviT Ril., Srlii'iiriitaily 5, N.V. 

' Sola JClrc, (.!n., 41133 W. Ilitli SC, I'liirago 50, 111. 

! Suprrinr I'-Irrlnr Cn . Hrnslnl, Cl. 

' VVrHtiogliouHr Clrr, I3>rpi., F. Pil Inlnirgli, Pa. 


i RELAYS. EI.ECTRIGAL (Srr also S I AKTEHSJ 

AUeii-Hradlry Co., Milwaukrr 4, Wis. 

Anirriraii Hriay it (nnlrnls, I in-., 4!llll I’lnnrnny Si., 
I’liirago 44, III, 

.A III niii.'it ir Flrr, Mfg. Cn., 10 .'"ll.'ili- ,‘>1., .Miinkain, Minn. 

Autnniatii: Switrh l-o., 3!)1 Cnkcnidr .A\’r., Drangr. N..C 

.Aulomalir 'reniprralurt^ (nmlrol fC)., Inr., 5212 Pulaski 
Avi‘., I’liila. 44. J’a. 

I Rrowii IiiBtruniriiL I'o., Div., MiimrapnliB-lIonrywrll 
Regulator f’o., 4114 VVayiii' ,Avr., Phila. 44, J‘a. 

I ('lark Controller Cn., IIIH K. 152nd St., Cleveland 10, 0. 

I'oolc l')lee. Co., 27(K) Southport .Avr., fUiiragn 14, 111. 

I 15. \\'.('rainrr t.'o.. P.tC Pnx 25. I i-nl i*rlirnnk, Cl, 

I I’utirr-llaiuiiir.r, Inr,., 3 15 N. 12Lli St., Milwaukee 1, Wia. 

' DiirfiKool, Inr., 1010 Main S)., I'ilkliaiM. Ind. 

I Genera] GuntroLs tai., HOI Allen .\ve., Glendale I, 
Gal. , 

CfiMieralEire. Co., 1 River RiC, Srlinirrtaily 5, N.Y. 

ICM liiRlruinrnl Cn., 2li4li Iri'iilnii .Avr., I^iilailrlphia 
25. l*a. 

Hart Alfg. Co., 1 It) TtarLholomrw .Ave., llartfoni 1, Ct. 

Mrrroid (’orp., 4201 Relntoiil .Avi-.. Chieago4l, 111. 

MiinieaprdlH-lliniey weU Regiilaliir Cn., 2933-4th 
Ave., wS., MlnneapullB N, Mlim. (p. <r;j 

; Penn Elec. Switch (3)., Goshen. Ind. (p. GH) 

• I’hotoHwiteh, Inc., 77 Rroadw.'iy. Cambridge 42. Mann, 
j Preeisiori I'licrniomrlrr it JiiBlrumrnt (Jo., 1442 Rraiidy- 
i winr St., I’hila. 30, Pa. 

I llrynohlH Flee. Co., 2050 VV. CongrrsB, Chieago 12, Ill. 
j Rollrr-Smilh Div., ilealt 3 '^ it InduBtrial Corp.. Ilethleheiii, 
Pa. 

I Signal Kngrg. ik Mfg. Co., 151 VV. 14tli St., N.Y.C. 11 
; Spencer TlicrmosLat Div. of Melale ik Controls Corp. 31 
Forest St., Attleboro, Mass. 

.Siiuare D Co., Ine., liOliO Rivard St.. Detroit 11, Mieh. 

VVi'.RtinghnuBr Eire. ('or[).. 4454 GriieRrr Si., RiiHalo 5, 
N.Y 

: VV'pBlinghouaD I'^lec, Corp., Plane A Orange Sta., Newark 
1, N.J. 

' VV’eatim ElecM. Instrument Corp., fill Frelirghuyseu 
I Ave., Newark 5, N.J. 

• j VV hi)r'llodgiTS I’.h'etrir Co . 120'.) ('asa Avr., SC Cnuis 
i \, .Mn 


RELIEF valves (Sec PRESSURE RELIEF VALVES) 
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Sarco Company, Inc. 

Branches in Principal Cities 

Knipire Stale Building New York 1, N.Y. 

SARCO CANADA LIMITED, 496 Cliurcli Si., Toronto 5, Onl., Cnnadu 


AIR CONDITIONING ACCESSORIES 

Sarco products have kept pace with the rapid developmi nts in Air Conditioning. 
Two types of temperature control, blenders for controlling brine flow, steam traps 
and strainers are available in a complete range of sizes. 


SELF-CONTAINED TEMPERATURE 
REGULATORS 

For ducts, reheat- 
ers, drinking water 
control, unit coolers 
and brine coils. They 
are simple, self-oper¬ 
ated valves—using 
the irresistible force 
of liquid expansion. 
No stulTing boxes to 
leak, no auxiliary 
“power” required; all 
moving parts are in¬ 
side the equipment. 
A type and size for 
every purpose—for steam, gas, oil, water or brine, 
for temperatures ranging from 0 to 31)0'’ F. Catalog 
No. RDf)00. 



Type TR 21 


t ype KK-14 


ELECTRIC CONTROLS 


For refrigera¬ 
tion and air con- 
ilitioning. When 
temperature con¬ 
trol must be close, 
when wide and 
rapid fluctuations 
must be corrected 
instantly, when 
the Lhermoslat is 
at a distance from 
the controlled unit, use eleriric regulators. They 
consist of room thermostats, aquasLats, and limit 
controls for all healing and air conditioning needs; 
also motor valves for steam, water or brine. Cata¬ 
log No. RDIOOO 



Motor Valve Thermoocat 


FLOAT-TIIICRMOSTAHC TRAPS 

For dripping ends 
of mains and ri.sers, 
and for stack ur 
blast heaters, large 
unit heaters and 
hot water genera¬ 
tors. Automatic 
therm os I a tic air 
vents built in. 
Available in six 
.sizes with CDniiectiDn5^4 to 2 in.Catalog No.KD450, 

BLENDERS 

For mixing warm and cold brine or 
w airr for cooling coils and unit rool- 
Bis. Also mix very hot and cold water 
and deliver blended water at any tem¬ 
perature for which they have been 
adjusted. Valves arc fully balanced 
so that CDiilrol is not disturbed by 
differing or fluctuating water or brine 
pressures. Available in sizes H in. 
Id -1 in., for pressures up to 150 lb. 
Catalog Nos. RD700 and RI)8fK). 

SELF-CLEANING STRAINERS 

For use in pipe 
lines carrying brine, 
steam, oil, gaa, water, 
ammonia or air. 
Have large free 
screening area wdth minimum Tesi.stance to flow. 
Steam or air strainers can be cleaned by blowing 
through without disassembling. Made in cast iron, 
bronze or cast steel for pressures up to 500 psi 
with brass, iron or monel screens. Available in 
sizes ^ to B in. Catalog No. RD1200. 







RESISTORS 
16 B ROOF COOLERS 


RESISTORS, ELECTRICAL 

narborundum Co., P.O. Box 337, Niagara Falla, N.Y. 
Clark f>)rifrollijr Co.. 114fi 10. 152nd Kt.. (Mevi^liind 10, (1. 
Clarofltat Mfg. Co., Inc., 130 Clinton St., Brooklyn 2, 
N.Y. 

Cutlfir-Hammcr, Inc., 315 N. I2l-h St., Milwaukee 1, Wia. 
General Elec. Co., 1 River Rd., Schenectady 5, N.Y. 
l-l’-E Circuit nruakcr Co., lOtli & llniiiiltoii Stn., riiiln. 
30. Pa. 

P. R. Mallory A: Co., Inc., 3020 E. WaHliingtriri St., Iiidple. 
Ind. 

Ohio Carbon Co., 12508 Hurca TUI., Cleveland 11, O. 
Dhmite Mfg. Co., 4835 W. Flournoy St., Chiengri 44, Ill 
lloHlorie I'orn., Liifiiycl.l.e, Inrl. 

iSiiragiic Proriuctu Co., Marahall St., N, Adamn, Miihh. 
WeatingliLuiBe Elec. Corp., 4454 GeneBoe St.. BufTalo 5, 

N. Y. 

Weatnn Elec’l. Inatrument Corp., 514 Frelinghuysen Ave., 
Newark 5, N.J. 

Edwin Tj. Wiegand Co., 750G Thomas Blvd., Pittabiirgh 
8 . Pa. 

RESPIRATORS tSee GAS MASKS) 

RETARDERS, CORROSION (See INHIBITORS) 
RETARDERS, DOUGH (See DOUGH RETARDERS) 
RETURN BENDS 

Acme Eiiuin. Co.. 205 E U’wuy, MuBkogpo., Okla. 
.Aiiiiirinin IliHlricI Sti'aiii Co., Bryant SI.. N. Tona- 
w^aiula, N,\'. 

Capitol Mfg. A Supply (Vi., 153 W. Fulton Si.. Columbufl, 

O . 

.JaniPH n. Clow A SnoH, 201 N. Talinan .\ve., Chierigo 12, 
III. 

FiLzHimoriR Mfg., 3775 E. Outer Dr., Detroit 12, Mich. 
Ii'lnri Pipi- (N>., liOl ]']. Ili-rl Mud ,\vf.. St. liouie, Mti. 
Grablcr Mfg. Co., 0505 Broadway, Cleveland 5, O. 
Griiinell Co., Jrir.., 200 W. llxidiangc St., Providence I, 
III. 

Henry Valve Cn., Melrose Park, Ill. (p. tnJf) 

liul ProductH, Inc., 22.35 SisBoii St., Baltiirinrp 11, Md. 

C, F. MoorcB Co., 1123 Ivy Hill Tld., Wyndinoor, Phila. 
18, Pa. 

Mueller HraBB (>►., Pori, Muinii, Mich. 

A. B. Murray Co., Inc,, 030 Green T^aiif, Elizabeth, N..T. 
Northern Indiana lUana C/O., 0.35 Plum St., Elkhart, liid. 
Pittsburgh T’ipo Coil A Bending (ki., 01 Bridge St., Etna 
P.l)., PittHburgh 23, Pa. 

HucHHiiig Mfg, Co., Sliarp.Hliurg Sta., l’iH„sburgli, I’a. 
Taylor li'orge A Pipe WkH., P.D. Bioi 485. ('Iiir:igr» 00. III. 
'renney Engrg., Inn.. 2(1 Ave. B, Newark 5, N.J. 
3'ube-TurnH, Inc., 224 E. Broadway, TiOuieville 1, Ky. 
Walworth (.'o., 00 E. 42nd St., N.Y.C. 17 

REVOLUTION tUIUNTERS (Sec COUNTING & 
COMPUTING DEVICKSI 


R1IEO.STATS 

Clark Controller Co., 1140 E. 152iiil .St., Cleveland 10, 

0 . 

Cutler-ITamincr, Inc., .315 N. 12lh St., Milwaukee 1, Wih. 

I^lciinrnl Eieo. Co., 1 ItiviT Rd.. ScliPiiertad.v 5, N.Y. 

P. R. Mjillory A Co., Inc., 3020 E. WaHhington St., 
IiidnlH., Ind. 

Olnuite Mfg. Co., 4835 W. Flournoy St., Uiirago 44, III 

I). A. Sul Inn Cnrp.. 1812 2iid Si.. Wii-liil.-i I, 

Vuli'an I'llee. (/i ., 88 Holton St., niinverB. Mubh. 

Westinghmiw' F.lee,. On., 4454 Gcripsce St., Buffalo 5. N.V 

RINGS. PIPE WELDING 

All-Stjite Welding Alloya Cn., Inc.. 273 Ferria .\ve.. While 
PlainB, N.Y. 

Crane Co., 836 Mlchlgtan Ave., Chicago .1, Ill. 

(p. /Off) 

I'lori Pipe Co., 001 E. Red Bud .Ave.. St. I.nuis, Mu. 

Grinnell Co., Inc., 200 W. Exchange St., Providence 1 , 
R.l. 

United Wire A Suppl.v Corp.. 1107 Elniwnod Ave., Provi- 
denne 7, II.I. 


RIVET I'HEATING CABINEI'S (See REFRIGER¬ 
ATORS. LOW TEMPERATURE) 
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RIVETS 

Aluminum Co. of America, Pittaburgh 111, Pa. 

W. Ames A Co., JerBey City, N.J. 

Allan Bolt A Screw Co., 1108 Ivunlioe Rd., ClBVpJand 10, 

O. 

AutoBcrew Co., 210 W. 18th St., N.Y.C. 11 
Bethlehem Steel Co., Bethlehem, Pa. 

Chase Braas A Copper Co., 230 Grand St., Waterbury Ml, 
Ct. 

Cherry Rivet Co., 231 Winston St.. T/oa Angelen 13, Cal. 
Clark BriiB. Bolt Co., Milldale, Ct. 

CreBi'cnt Belt FuBtener (’n,, 480 Lexington Av'e., N.A .C 
17 

E. 1. du Pont ie NenuiurB A Co., Inc., Wilrningtnn 08, 
Del. (Exploflive) 

Faiisteel MetaUiirgicul Corp., North Chicago, Ill. (Con¬ 
tact) 

General Plate Div., Metals A CiinlrolB Corp., Attleboro. 
Maas. (Precious MetalH) 

H. M. Miirper Ct)., 8200 To.diigli .Aye., Morion Grove, Bl. 
G. lliiBaey A Co., 28110 2nd Ave., Pitlshurgh ID, Pa. 

LamBOn A SeBaiona Cn., 1D71 W. 85th St., Cleveland 2 , (). 
P. R. Mallory A Co., Inc., 3020 E. WnBhingtt)ii St., 
Indplo-, Ind. (Precious Metals) 

Oliver Steel Corp., S. lOlli A Muriel Sts., Pittshurgh 3, 
l*a. 

Repuhli'- Steel Corp., Republic Blilg., Clcvehiiul 1, D. 
Riiasell, Burdsull A Wani Bolt A Nut Co., Port Chealer, 
N.Y. 

Siiutli Chester Cnrp., 141 K S. Penn Sq., Phlbidelphia 

2, Pn. I/), lilt] 

Stronghold Screw' Products, Inc., 216 W. llubbanl St., 
Chicago ID, 111. 

Townaend Co., 205 River lid.. New' Brighlon, Pn 


ROD I See BAR & KODj 


ROD. DRILL 

.Allegheny Ludluni SI eel Corp , Oliver Bldg.. Pittsluirgli 
22 , Pa. 

Bethlehem Steel Co., Bethlehem, Pa. 

Carpenter Steel Co., Reading, P?i. 

Central Steel A Wire Co., 3000 W. 5lBt St., rideagu .32, 

Ill. 

(.U»lumbia Steel A Shafting Co., 1^0. Box 1557, PitTsburgli 
30. Pa. 

Joseph T. RycrBOii A S[)n, Inc., Kith A Rockwell Sts., (l^hi- 
cago. 111 . 

Vanadium-AllO.VB Steel C’o., Tiatrobe, Pa. 


RUD, THREADED & I'lE 

.Mlmetal Screw PrfHlue.ts Co., liic., 33 Greene St., N.Y.C. 

13 

Atlantic Steel Co., P.O. Box 1714, .AlJanta 1, Ga. 

Autoacrew Co.. 216 W\ 181h St., N.A'^.C. 11 

Bethlehem Steel Co., Betlilidiein, Pa. 

Central Screw Co., .3.501 Shields Ave., Chicago D, 111 . 

Central Steel A Wire ('o., .3()IX) W. 5lat St., Chicago 32, 

III. 

Columbus Bolt Wks. Co., 2 .D 1 Marr'.r)iii Blvd.. CohiinbuH 
16,0. 

I'lastern Machino Screw t'orp., Truman A Burclay St.s., 
New Haven, Ct. 

Lainson A Sessions Co., 1D71 W. 85tli St., Cleveland 2 , O. 

Paine Co., 2D51 Carroll Ave., Cliicago 12, III. 

Joseph T. llyersoii A Son, Inc., lilth A Rockwell Sts.. (3ii- 
cago. Ill. 

St. Louis Screw A Bolt Co., GDOO N. Broadway. Si. T/ouis 
51, Mo. 


ROOF COOLERS & ROOF CODLING SYSTEMS 

April Showers Co., 4126-Bth St., N.W., Washington 
11, D.C. (p. 1 GU\ 

Gay Engn. Co., 2730 E. 11th St., Los Angeles 2.3. Gal. 
Siegiried Ruppright, Box 6705, TiOs Angeles 22, Cal. 
Spraying Systems Co., 3201 Randolph St., Bellwood, t^lii 
cugo. Ill, 

Water Cooling Corp., TlNassau St., N.Y.C. 7 

Water ('Doling Equip. Corp., Alton Sta., St. I^rouis 23, Mu. 

ROOM CODI.ERS (See AlR CONDITIONERS) 
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rubber, synthetic, & RUBBER-LIRE PLAS¬ 
TICS 


ViiL'hitr T'lLckinK t'o., 4UI N. Hroiiil SI,, Pliilatlrliiliiii B, Pa. 
Haki'lilf ('o., Div. uf LVnioii CarbidL- it Carbon Corp.. 
anc. -iiiiid st .N.v.c, i7 

ranbeld Rubber Co., 708 Railroad Ave., Bridgeport 5, 
Ct. 


Continental Rubber Wks.. 2[MX) I-iberty St.., Erie, Pa. 
Dennia Cheniieal Cn., 2701 Papin SL., St. Louis 3, Mo. 

E. 1. du Pont de NeinoiirH ik Co., Inc.. Wilmington 08. 
Del. 

Felt ProductB Mfg. Co., 1508 W. Carroll Avc.. Chicago 7, 


FireBtoiiB industrial Produnts Co.. 1200 Firestone Pkwy., 
Akron 17. (). 

f rencral Elec. Co., 1 River Rd., ScliDnectady 5. N.V. 
Coldi'ii State Hubbi-r & Lnli-x Ciirp., liri? I'C lilsl. Si.. 
Lns VMgeli'H. (''mI. 

B. P'. Croodrich Co., 500 S. Main Sl... Akron, □. 

Croodyear Tire A Rubber Co., 1144 E. Market St.. Akron 

10 . 0 . 

CiriMbeii UubbiT Cii., lin-., Ibjx 417, llnnlieii, Ind. 

Ilftveg Corp., Miirshalltnii, Del. 

llewill-ltobins, Inc., 240 Kensington Ave.. Buffalo 5. 

N.V. 

Inland MFg. Div., Ltcii’I Motors Corp., DayLtm 1, !>. 
TdniMii, Inc., State Rd. & Levick St., Phila. 35, Pa. 

M.'Lck Molding Co., Ryerson Ave., Wayne, N.J. 

Ni‘w ^'ork Belting & Pueking Co., 1 Market St., Passaic, 
N..I. 

Presstitc Engrg. Co,, .'iOOO Chouteau Avc., St. Louis 10, 
Mo. 

(Quaker lluliber Corp., Taeony A Miliior Sts., Phila. 24, Pa. 
Raybestos-ManhatUiii, Ine., 01 Willett Sl.. Pasaaie, N.J. 
Ili'sistiilli'.x Corp., ;{!> 1‘hinsoi‘ri SI., Hi-llrville !l, N..I. 
KiihalcK Div,, Creai American Induslries, Bedford, 
Va. _ _ ip. 

'I'liermoid Co., Trenton, N..L 
Aioos rii[iiii|iHiin (.'orp., Eiliiiliurgli, Iinl. 
n. S. Rubber Co., 1230 Ave. of the Americas. N.Y.tC 20 
\'an rdiief Bros., Iiie.,7800S. Wnndlawu Ave., f ^iieago 10, 
ill. 

S. S. Wbiil'. Dental Mfg. (%j., 10 E. 40th St., N.V.C. 


RUBBER PRODUC'IS, CELLULAR 

Dayton Rubber Mfg. Co., 2342 W. Riverview Ave., Day- 
ton 1 , 0 . 

Drydi'ii Riiblier Div., Sliclln .Mfg. tUirp., 1014 S. K'il 
dan.- Ave., Chieago 24, III. 

I'irestoiiG Industrial Products Co.. 1200 I’irestone Pkwy., 
Akron 17, 0. 

R. F. Gor>drick Co., 500 S. Main St., Akron. O. 

.larniw Pniduets, 4211 N. La Salle St., Chicago 10, 111. 

(/). .S’,;) 

Roliiiison .\vintion, Inc., Teterboro, N.J. 

Rubaiex Div., Great American Industries, Bedford, 
Va. (/». !■'«>) 

Spmigi' lliiiibiT I’niiliii-ln Co.. I lilMJ Dt-rby IMarc, .Slu-l- 

Ion. Cr. 

1C S. Rubber Co.. 1230 Ave. of tho Americas, N.V.I.C 20 
Van Cleef Bros., Inc., 7800 S. Woodlawn .4vc., Chicago 
10, Ill. 


RUBBER PRODUCTS. EXI RUDED 

.■Vni-liiir racking (Ci., 401 N. Broml SiIMoholi'lphia S, I’a. 
Ball Bros. I’o., Munrie, Ind. 

Canfield Rubber Co., 708 Kailrnad Avc., Briilgcport .5, Cl. 
Contiiiental Rubber Wks., 21K)0 Liberly Sl,., I'rie, I’a. 
Drydi-n Rubber Div., .‘^liclIiT MI'g l orp., ION S Kil 
dare Avc.. Chii-agn 24, 111 

I FeltProdurls Mfg. Co.. 1508 W. Carroll Avc . L'hiLiigo 7. 

P'irestoiie Industrial Products Co. 1200 I'iccHlone Pkwy., 
! Akron 17, 1). 

I Oarlock Packing (’o., 402 I'. Miiiii St., Palmyra, N.A’'. 
i Cfcneral Tire & Rubber Co., Cjarflelil St., Wabash, 
Ind. ‘p. l 71) 

R. F. Oondricli I’n., .5l)i) .S. Main ,St., ,\hroT|, I). 

GoodVear Tire Rul)l)cr t o., 1111 E. .Market St., .Akron 

Hi. O. 

Goshen Rulibcr I'n Inc . Box .517. lioKlicn. Ind. 

' Mewilt-Robins, Jnc., 240 Kciisinglon ,Avc., IbilTalo 5, 

N.V. 

Jarruw Prudiu'Is, 420 N. La Salle St., tffileagn 10, III. 

(;;. 

.liidHcii Riilibcr \^ Im .. 1107 W c.sl Kin/ic, ( hicago 

24. III. 

Linear, Inc., Stale Rd. A Li'vick SL, Phila. 3,'i. Pii 
New V<-k Melting A Packing l‘o., I .Market Sl., I’iimhmii', 

N..J. 

I Quaker Rubber Coifn, 'raroiiv A- Mihinr Sts., Piiihi. 24, 

1 Pa. 

I Haybestos Manhattan, Inc., Ill VVillctl St., I’aBsaii;, N.J. 
: UcHisliillcx Cnrp , 30 I’lniiKorn SI., Hclli-villi' K, N .l. 
Ruhalex Div.. Greal Anierii'iin IiulinsIrieN, Hedfnrd, 
Vu. C'- 

U S. Rubber C3)., 1230 ,Avc. nl thi‘ .Americas, N.A''.C. 20 
\’aii Cdeef Bi'om., Inc.., 7800 S. U iMidl.awn .Avc., Chiciago 

I U), ill. 


i 


RUBBER P:<DDUCI'S, HARD 

American Hard Rubber Co., 11 Mi^rccr Kt., N.V.C. l.'l 
Felt I’roducts Mfg. t^n., 1508 W. ('.irridl Avc , Chicago 7, 
III. 

Firestnne IiiduBtrial Prodiicts Co,, 1200 J'ireBtorii' Pkwy., 
Akron 17, D. 

R. l\ Goodrich Co., 500 S. Main SL.. Akrnn, IL 
.liidBcn Rubln-r orku, liov, 1107 CkI lvin/.ii‘. Clnc.'igo 
24. III. 

Loril Mfg. I ’.. . 11.35 W. 12t)j SL. lyii . Pa 
Luzerne Rubber Cn , ri i iilon 0, N .1 
Ruhalex Div., firiMl Anieriran IniliiNlrieK, Heilfuril, 
Va. , I/'. 

Stukes Moldful ProduflB, Ine., 'l'.aylor at WcbBtitr Hi., 
'I'rcnton 1, N.J. 

'I'lieriiirjid Cfi., Triaitnii, N.J. 

IT. S. Rubber (-o.. 1230 Ave. nf Uii' Ainerii-aH. N.V.I 20 
Van Chief RroM., Inc., 7HOO S. VVoorlliiwn Avi-., Chicagr; 
10, Ill. 


RUBBER PRODUC’IS. MECIIANIliAL BONDED 

.Apex Molded PruduclB 13;., 3574 Ruth Sl.., Phihi. 34, T’a. 
Bushings, Inn., 4358 tamlidge llighwy., Rnyal Oak. Mich. 

( Continurii) 




ROOF COOIIHC 

Spray Method 


I Reduces Air CondiliDning Loads as much as 
25%. 

I Lowers Temperalures of Upper Floors 10“ io 15° 

I For Industrial, Commercial and Residential 
Bldgs. 

• Used on all Types and Shapes of Roofs. 

» Installation is Simple, Inexpensive and Fool- 
proof. 

I operating and Maintenance Costs are Neg¬ 
ligible. 

I Thermostatically Controlled; no Pool, no Run¬ 
off. 


• Millions of Sq. Ft. of roofs are cooled by A.S.* 

Besides cooling " und Cr- 'ooL' April Show¬ 

ers adds longer life to t^e rriol, gives added nro 
tcclion in r.nst: ol fires and acts as a lightning 
arrr^stor. WRITE lor dritailed, technical dola. 


• April Showers are patented. 


APRIL SHOWERS COMPANY, INC. 

4I2G Eighth Streel, N.W.. Waihlnglun 11, D.C. 
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KUBHEK PHdUlJin.S, ME[:HANn:AL BONDED 
(Continued) 

iJrydnn Tlubber Div., SIu IIit MIk. I'nriJ., 11)14 S. Kil- 
iliiru Avt!., ('liiciiKij 24, 111. 

FireBtoDB InduBtrial Producia Co., 1200 Fircatoiif, Pkwy., 
Akrun 17, C). 

Gates Rubber Co.. ODI) S. Broadway, Denver 17. Colo. 
General 'I'lre & Rubber Co., Carhelil St., Wabash, 

Ind. (p. 171 \ 

Golden Sl-atu RubbiT it TjJitr.v ('i)r|.),, 1157 F. Illat. »S(., 
Loh Aiigelf.H, Cfil. 

B. F. Goodrich Co., 50(J S. Main Ht., Akron, O. 

Goodyoar Tiro & Rubber Co., 1144 E. Market St., Akron 
1C, O. 

Gr)Hli)‘ii Rublii-i Co., IiM... lltix .517, G()h1ii ii, Iiiil. 

Tiiiimir, Inc., State Rd. Jic Ecvick St., I'liila. .Id, Pa. 
liord Mfg. Co., 1035 W, 12 th St., Erie, Pa. 

[Quaker Tlublu*r Corp., Tacnny A Cmnly Sin., Pliila- 
ili'lpliiM 24, P.i. 

lluybostuB-Manliattan, Ini;., Cl Willett St., PuHsiiic, N..I. 
Stoki'H Moldi'd IVudurlH, liii-., Taylor & Wrbstcr St.. 
Tri'iilnii 4 , N..I. 

U. S. Rubber Co., 123fJ Avo. ol tlu; AiiuTieafl, N.Y.f21) 

RUBBER PRODUCTS, MOLDED 

Arncricun Hard Rubber Co., 1 1 Mnroi r St., N.Y.C. 13 
.Aiirlior Parking Co., -11)1 N. Briiail SI., Pliiladflpliia H, 

Apex Molded Prodiicta Co., 3574 Ruth St. 34, Phila. Pa., 
Bull Rrun. Co., Muncic, Iiiil. 

l.lunGclrl Rubber Cti., 708 Railroad Ave., Bridgeport 5, 
Ct. 

Continental Rubber WUa., 2000 Taberty Si.. Eric, Pa. 

I'omiHli Wire ('u,. lliilland, \ t. 

Darroid Co., Ini;., 14.5-(ith Avu., N.V.C. 13 
Dryilin Itubbcr Div., Slicllcr Mfg. Cm-p., 1014 S. Kil¬ 
dare Avi'., Cliiriigi) 21, III. 

Felt Produeta Mfg. I3i,, 1508 W. Carroll Avi;,, Chirago 7, 
Ill, 

I'lrcatom: InduBtrial ProcluctH Co., 1200 FircHtone Pkwy,, 
Akron 17, t), 

Garlonk Parking t'o., 402 E. M/vin St., Palyiiira, N.V. 
Gates Rubber Co., !)!)!) S. Broadway, Denver 17. Colo, 
(^unsral Tire & Rubber Co., C.arfielJ St., Wubash, 
Ind. (p. 171) 

Gulden Slalc Hulilicr A Catrx ('mp., (157 1',. (Hat St.. 
IjIih Aiigclee, ('al. 

B. F. Gootlriidi Va\., 500 S. Main St.. Akron, O. 

Good.vear Tire A Rubber Co., 1144 I'i. Market St., Akron 
10 . 0 . 

GoBlien l{ulilicr I'l... In.-., Bnx .517, Gofslii-n, Ind. 
llewitt-HubiiiM, Iin-., 240 iveiiHington Ave., hulTaln 5, 
N.V. 

.Iiiilecn UuliluT V\ urk.M, hie., 4107 W rul Kiii/.ir, ('liiciigu 
24. III. 

lancar, Irii;., State Kd. A l.evii;k St., I’hila. 3.5. I’a. 

Cord Mfg ('ll., Ili35 W. I2tli St., llric. Pa. 

New A'ork Belling A Piieking Co., 1 Markcl SI., l’aB.s:iii-, 

N..1. 

t)uaki‘r Rubber (’orp.,'J'lienny A Miliior SIh.,P hila. 24, P:i. 
lluybcatoa-Maiiliattari, liir.., 01 Willett St., T'aflaaie, N,.J. 
UeHiHl Iille.x (’nrii..3'.l Plaueui'ii Si.. iV-llrvilk- 0, N.J. 
Rubiiianii Aviation, Ine.. 'reterhnro, N.J. 

Kiiluilex Div., Gri'til Amerieuii IndiiarricH, lli'ilfnrd, 
Vii. Iy». ISii) 

,‘Sponge Rublier PnuJiu lH ('n.. UKMI Derby Plarc, Shel¬ 
ton , Cl . 

.StiikeB Molded ProduelB, liir., J’aylur at Webster St., 
TrL'htoii 4, N.J. 

Tliermoul i;!o., Trenton, N.J. 

U. S. Rubber Co., 1230 Ave. of tlie Americas, N.\'.C. 20 
A'an Cleef Broa., Ine., 7800 S. W'ooillawn .Ave., ("hieago 10, 
111 . 


RUPTURE MEMBERS (See PRESSURE RELIEF 
DEVICES) 


SADDLES, PIPE (See KmiNGS; ulao HANGERS, 
PIPE) 


SAFETY SHUT-OFFS FOR GAS REFRIGERATORS 

Spencer TherniiiBlat Div., Melaln A Conlrola Corn. 34 
Forest St., Atthdioro, Maaa. 


Refrigeration Classified 


I SALAD REFRIGERATORS (See REFRIGERATORS, 
! SALAD) 


SCALE INHIBITORS (See WATER I REATlNi; DR 
COATINGS & COMPOUNDS) 


i SCALE TRAPS (See alan STRAINERS; alao FlL- 
I TERS, etc.) 

.Ainerii-aii District .Sleain f'o., Itrvaiil SI., N. Toiinwaiiil:i. 

! N.V. 

Derach, C^esHWcln & Ncverl, Inc., 4845 W. lirand 
Ave., Chicago 3!l, III. (p. /,f!} 

Dollifiger (’orp., 1 Centre Park. BorJieHter 3, N.Y. 

Hays Mfg. Co , 12th A Tabertv Sis.. Eric, Pa. 

Henry Valve Cn., Mclrnae Park, Ill. (p. 

1 Hubbell Ci>rp., P.O. Box 700, Hawley Rd., Muiide- 

! lelii. 111. (p. IS.i) 

j Kohleiihcrger Engrg. luirp., IbOO W. Ihiniinnn- 
weallh, Fullerton, tial. (p. 3;i) 

Neptune Meter f’o., .50 V^'. .5()Lh St.., N.AM,;. 20 

H. A. PbillipN & 32.55 W. (airrnll Ave., (]hlcaUii 

24, III. ip. IJ,2) 

Uefrigp.nitiiig SperiaUies Co., 72B S. Sai’.ranuMito Blvd., 
Chicago 12, III. 

Cyrus Shank Co., 023 W. JaekNitii Blvd.. Chirago U, 

111 . ip. 

Vilter Mfg. ('.o-, 2224 S. Ist St., Milwaukee 7, Wis. 

fp, H.i) 

Witienmeier ATachinerj' (,'o., S.5I) N. Spaulding Ave., L'lii- 
eago 51, 111. 

WorlhlngtDii Pump & Machinery Corp.. Harrison, 
N.J. in I4.il 

York Corp., York, Pa, (p. 'iJj 

S1:REENS, PEHFDRA’rED ME’I'AL (See METAL, 
PERFORATED) 


SCREENS, VIBRATING 

I'aodiridge VN ire ( lulli Cn., Ciimliridge, Md. 

Deiater (.Tmcenl ral nr Co., J)l)l (ilaMgow Ave., I'’l.. Wayne 

Ind. 

lli'iidric.k Mfg. Co., Carboruhile, Pa. 

! Jeffrey Mfg. Co., 887 N. Itli Si.., CulurnbuB 10 . (). 

I Kiailucky Meliil ProilurlH Cn.. Preslnn Si., A .\uduboii 
i Pk.. liuuisvilli* 13, K'y. 

i Link-Belt Cu., 2045 W. Tlunting Park, Phila. 40, Pa, 
j Mulli-Metal W iri' Cloth Cn., rh50 Garrisun 
I Brnii.x .5!), N.^*. 

I D. V. Murray Mfg. (h)., 1024-3rd St., WauHaii, Wjh. 
Read Machinery Div., Sbaiiil.-ird Sinker Cn., liir., 5'nrK, 
Pa. 

RobiriN (-oiivevnr.>^ Div., 11ewil t-R obins, Inr., l’:iHHaii\ 

N.J. 


SCREENS, WIRE (See WIRE CLDTIU 


SCREW MACHINE PARTS 

Acme InduBtrial Co., 20.5 N. Tiaflin St.. Chicago 7, 111. 

•AutoBcrew Co., 210 W. 18tli St.. N.Y.C. 11 

t'apilol Mfg. ASupidv Cn., 1.53 \N . I'lilluii .SI,., Coliiin))US, 

o. 

CliaBB BruBB A Copper Co., 230 Grand St., Waterbury !) I, 
Ct. 

Corbin Screw' Corp., Ni;w Britain, Ct. 

Delavan Mfg. Co., 300!)-0th Ave.. Dgb MoincB 13, In. 
Eaatern Machine Screw Corp., Truman A Barclay Sis., 
i New Haven G. Ct. 
lliiya Mfg. Co., 12 th A Liberty Sts., Er'i^c, Pa. 

Lamson A SeBBiona Co.. 1071 W. B5th St.. Cleveland 2, 

O. 

Mueller BraBU Co., Port Huron, Mich. 

National Lnrk Cn., 7th Si. A ISth .\ve., Rnrkfnrd. Til. 
St. Louis Screw' A Bolt Co., GDOO N. Broadway, SC T/ouiB 
15. Md. 

Scovill Mfg. Co.. DO Mill St., Waterbury 31, Ct. 
Stronghidil Screw Pnxiucts, Inc., 21G W. Hubbard St., 
I'hicugu 10 , 111 . 

TiiwiiBeiid Co., 205 River Rd., New Brighton, Pa 


SAFETY VALVES (See PRESSURE RELIEF V.ALVES) 


SCREWS (See BOLTS) 
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THE GENERAL TIRE & RUBBER CO. 

MAKERS OK AMERICA'S TOT QUAEITA' TIRE 
Af V r h ri tiical O n o r/.s D i r i s i o ri ■ II u h n s h , In d i a n u 


GENERAL Engineered Rubber Parts 


Rubber parts for refriyicrating and air-condi■■ 
tinning equipment, made to your specifica¬ 
tion and General quality standards. General 
engineers offer skilled help in selecting the 
right rubber and design for top efliciency. 



MOLDED RUBBER PARTS 



RUBBER DOOR GASKETS 

Extruded rubber guskets in any tlesign and size, 
solid or hollow, made accuralely to specilicalion. 
Natural or synthetic rubber. Our method of 
compounding produces gaskets that arc odorless, 
lasleless and non-staining, with excellent com¬ 
pressibility. Shown above arc gaskets supplied 
by us to leading refrigerator makers. 


BONDED-TO-METAL PARTS 



General is experienced in making 
rubber-bonded-to-melal parts of 
all kinds hard and soft rubber 
knobs, cooler lids, fountain fit¬ 
tings, bumpers, and other parts. 


General is equipped to supply all types of molded 
rubber parts in any si/e and Llesigii, made to 
specilieation, of hard and soft rubber. Dust seal 
and rubber bushing shown are typical ol' many 
refrigerator parts molilcLl by General. 

DIE-GUT RUBBER PARTS 

General is a reliable source 
of supply for die-cut rubber 

parts.washers, gaskets, etc. 

Made to your specification, 
to close tolerances. 


OIL AND REFRIGERANT SEALS 

.Shown are single a ml 
double-lip oil seals de¬ 
signed by (icneral for 
highest elficiency aiul 
service. General engineers 
can help you design seals 
for lubricants and refrig¬ 
erants to meet your 
.special needs. 




Precision 1 ibralion Control ivlth 

GENERAL SILENTBLOC MOUNTINGS 


GENERAL Silcntbloc Mountings offer pre¬ 
cision control of vibration and noi.se in 
motors, compressors, fans and pump.s. Engi¬ 
neered to conform to any curve of deflection, 
they give complete control of vibration 
through starting and operating cycles. Silcnl- 



bloc performanec is due to its patented 
construction—elongation and confinement of 
rubber between metal sleeves. Radial com¬ 
pressive force, with even distribution of 
stress, assures indestructible rubber-to-melal 
adhesion and long service. 

Silcntbloc Mountings can solve your prob¬ 
lems of vibration and noise in domestic and 
commercial equipment. Made of any metal, 
in any size to carry loads of ounces to tons. 
Simple to incorporate in your designs, ea.sy 
to install. Write for Silenlbloe booklet. 





SEALS 
172 SHAPES 


.SCROLLS, BLOWKH (See Bl.OWERS, WHEELS, 
HOUSINGS) 


Sf:i)'ITLE BUTTS (See ORINKINC; WATER 
COOLERS) 


SEALING COMPOUNDS (See COMPOUNDS) 


SEALS, DOOR BO'Tl'OM (See also DOOR GAS¬ 
KETS) 

Ai)i‘lii)r PnckiiiK ( 401 N. llroiitl Si., IMiiluLlF'lpliiii H. l*:i. 

Curk IiiHiiWitiDri Co., Inc., iri.*! E. 44th SL, N.Y.C. 17 
VV. ,J. Dcrinin & Go., 1732 N. Kolmar Ave., CliieaKo 31), 
Ill. 

IC F. Goodrich Go., 500 S. Main St., Akron, O. 

Jarrow Products, 420 N. La Salic St., Chlcajilu 10, 111. 

(p. .S/7) 

Reitar Mineral Trading Curp., 16 E. 43rd St.. N.Y.C. 

17 ( 71 - 

IJ. S. Rubber Go., 12-10 Ave, of tlio Amprica.'i, N.Y.G. 20 
York (hirp., York, Pa. (/j. r>^) 


SEALS, OIL, SHAFT, eli . (See al.sn GASKETS, etc.) 

Acme InduHtrial Cn., 205 N. Tiafliii St., GhiraKf* 7. III. 

IIcurium MetalH (vorp., 208 State .Si., Rotbealcr, N.Y. 

('arlriHcal Gorp., 1450 W. Ilarultilpli Si.., f’liirivKn 7, 111. 
A. VV. I lifHti'rltm ( 'd.,-! AhIiIuiiiI SI .. Mviti*! ) 4!), Muhh. 
Diirametallic Gnrp., 2104 Factory St., Knlama/.oo 24F, 
Midi. 

Grirlock PaokiriK Gn., 402 E. Main St., Fulinyra. N.Y. 
fieneral Tire & Rubber Gu., GarHeld St., Wabash, 
Ind. (/I. 171) 

Juhns-Manvllle, 22 E. 40th St., N.Y.C. 16 (p. l.io) 

Linear, Inc., .Slate Ril. ik TiOvick St.. Phila. 35, Pri. 
National Motor Hearing Gf'-. Inc., Rcdworul City. (lal. 
New ' (irk hidtiiia iV Piirlviiii; I Markel .‘^l.. PiiHHiiic, 
N..], 

l,JuakiT llubbcr Gnrn., Taeony (k Milnor Sts., Phila. 21. 
Pa. 

KayheHtos-Manhatliin, Inc., lil Willett St., PaHHaic, N-.L 
Spair Garlinn Go., St. Marys, Pa. 

iS. (iriiphite .Saginaw, Mich. 

IT. S. Ilubber (To., 1230 Ayr. of the AinericaB, N.Y.C. 20 
Victor Mfn. (k f JuHki't ('u., 5750 RmiBCvelt lltL, GhienKO 
90. 111. 


SEALS, SHAFT, MECHANICAL 

Acini' liidiiBlriiil Co., 20.5 N. Lafliii Si.. Gliicaeii 7, III. 
llriilKi'poi't TliiTiniiHlMt l)iv. nf Riiberlfiliavv-Full im Gnii- 
IciiIm Go., 1225 ('iiiiiii'cl iriit .Avc., Ilridaeiiorl' 1. Gl. 
Ghieiiltn .Seal Go., 332 .S. Iloyiic .Avm'., GliicaK" 20, Ill. 
I’lilTiiril MIk- Gi)., Ill) Gnive SI., Wiiltliiini 54. M:ih.s 
rraiii' PuirkiiiK G".. IMOII f'u.vler Ave., GliiriiKo 13. 111. 
lliitary iSi'fil Gl)., 2020 N. l-arrabee St., Ghicagi) 14, 111. 

SEAMLESS I'UBING (See TUBES & TUBING) 


SHAFTS 


Machined to your specification on a 
production basis. Send us your prints. 
Specialized in this work. 

MODERN MACHINE WORKS INC. 

5350 S. Kirkwood Ave. 
CUDAHY, WIS. 


Refrigeration Classified 


SEATS, COMPRESSOR VALVE 

Acme InduHtrial Cn.. 205 N. Laflin St., (ThiraBo 7, 111. 
GhicABO Seal Co., 232 S. Hoyiic Ave., ChiiaKo 20, Ill. 
Deluvan MTb. fTii., 3003-(ilh Ave.. Dc'w Moines 13. In. 
Detrriil .St.miipiiiK Gn., 41K Midliiiid Ave., Deliuil .1, Mieli 


SELF-SERVICE REFRIGERATORS (See DISPLAY 
GASES) 


SEPARATORS (See particular type, I.e., OIL; alno 
STEAM, etc.) 


SHAFTS & SHAFTING (See ahsn IIHANKSIIAF l .Si 

Central Steel & Wire Gn., 3000 W. .5list .St., fTliicaRn 32, 

111 . 

IToliimbia .Steel ik ShafLing Co., P.l). llox 1.557, PiLisburgli 
30. Pa. 

Modern Mai'hine Works, Itir., 5.151) S. Kirkwood 

. Ave., Cudahy, Whs. (/>. /,“2l 

j Republic Steel CTorp.. Republic Rldg., ('levelanil 1, • 
.loBepli T. Ryerson ife Sun, Inc., Kith tk Rnckwcll .Sts,, (’hi 

I caBO, Ill. 

i Spicer Mfg. ('n., 4100 Rennett lid.. Toleiln 1, O. 

i SHAFT COUPLINGS (Sec also FLEXIBLE COU 
PLINGS) 

j Ajax Flexible Coupling t’n., liic., Wcptfield, N.Y. 
Allia-ChalnierM Mfg. Gn., Milwaukee 1, Wis. 

.'Vmeric.aii Flexible Griiipling (Tn., J80S I’lltsburgli Ave., 
Erie, Pa. 

CharlcB lloiiil Gn., l»17-23 .\rc.b .S(.. Phila., Pn. 

Rond Foufidry ik Maehino Go.. Manlieiu. Pa. 
hnnlnii Gear Wiiik.M, l^lliiKT 71, MiiH.H. 

RuBhingB, Tuc., 4358 fTTnolidge lliBhwy ,Royal, Dak, Mieli 
! ITjipitol Mfg. Ar; Supply Go., 1.53 W Full on St.. (‘f)liiinbuH, 

; D. 

I ('I'lilrie ('luleb I'n., VVnrifllniilgf, .N.,T, 

Chicago Die Casting Mlg-CTo., 2500 W, Monroe ,SL., ( lii- 
; cago 12, Ill. 

! GlilTord Mfg. Go.. Div. of S(rl. 'riiiini.'*oii I'o., Grove SI., 
VVi)l(.h.'U)), Mumh. 

! (TniigrcHB Drive Div., Tanu t'orp,, 3750 F. Duli'r Drive, 
j llctroit 34, Mich. 

I (Tontincntal Diamond Filin' Go.. 3 Gli:ii)el St., Newiiik, 
j Del. 

Diamond Chain Go., Inc., 402 Kenliiekv .Ave., IndplR. 7. 
Ind. 

i F)iirb:iiiko, Morne A ('o., I>IM) S. Mieliignii .Vve., Gliie:i</ii 
5. III. 

,Icffrp.y Mfg. Go., 887 4th St., GnliiinbuH 10, (). 

VV. A. .1 ones Foundry Macliine (To., 4401 llnoBCvell Rd.. 

Chicago 24, III. 

Link-Relt Co., 220 S. Relmnnt Ave., Iiidpln. G. Ind. 

I>i)rd Mfg. Co., 1035 W. 12th .St., Eric, l*a. 

Morse Chain Go., Div. of Rorg-WuruBr (Tnrp., iLhiira, 
N.Y. 

I Palmcr-Ren Go., 1701 Poland Ave., Detroit 12, Mich. 
liamBey Chain CTo., Inc., 900 Rroadw'ay, Alhuny 1, N.Y. 
Simoiid.s Gear ik Mfg. Go., 2501 Ij'berlv .‘Vve., Pittsbnrgli 
22, Pu. 

Standard Presseil Sli'cl I'o.. Rox 821, .lenkiiil mvti. I\i. 
Twin Disc Clutch Co., Racine, Wia. 


SIlAF-r SEALS (See SEALS) 


I SHAPES, ALUMINUM 

! Aluminum Co. of Ameriivi, Pittahurgh 1 ", Pa. 

; Hohii Aluminum A Rraan Gorp., E. Maumee, .Adrian, 
j Mich. 

' Rroaco Mfg. Co., Harvey, Ill. 

Central Steel & Wire Co., 300f) W. 51st SL, Chicago 32, 
Ill. 

; Dahlstrom Metallic Dnnr Go.,43.5 RuOalo St., Jnniealnwn, 
1 N.Y. 

! (TTlinrlcB W. Kricg Co., 48 Dickcrann St., Newark 4, N.J. 
i Melrath Supply A. Gaaket Go.. Inr-.. Tioga ik MemphiH 
StB., Phila. 34, Ptt. 

: Revere Copper & BrUBS, Inc., 230 Park Ave., N.Y.C. 

i 17 (p. Utl) 

. Reynolda Mctala Co., 2000 S. 9th St., Louiaville 1, Ky. 





RefrigeratiDiL Classified 


SHAPES 
SHEET 173 


SHAPES, BRASS, BRONZE & COPPER ! 

Americiin Brass Co., Watcrbury NH, (]t. (p. I si*) \ 

Molin Aluminum II IlriisH (^orp, C. Mauiiit't', Adriiin, ■ 

Mirh. I 

PniHcn MFk- Co., Ilnrvoyp HI- i 

['[’nlrtil Steel 4, Wire Cr«., 3(K)0 W. 51sl St., Chicago A'2, I 
Ill. I 

t’lniHP Brnss Si t’oppiT Co., 23G Cfninil St., Waterbury IH. 

ct. 

])[ihlHLrom MeUiUip Door t"D., 435 Iluflalu St., Jiimes- i 

LowJi, N.Y. 

Mlli'JJir Itriiss Lu.. I'.Ur) l,;ii)i*i r .\vv.. Purl Huron. Miib. i 
Northern Iiulianu Brass Co., U'JS Plum St., Elkhart, liid. I 
Revere Copper & Brass, Inc., 230 Park Ave., N.Y.C. 1 
17 (;i. I HI) j 

Titan Metal MIr. tJo., Belief on ti-, Pii. I 


SHARP FREEZERS (See FREEZERS) 


SHEAVES (See PULLEYS) 


SHEET, ALUMINUM 

.Aluminum Co. of .Araerieji, I'iltsbijrKh i;>, Pn. 

Central Steel & Wire 3IHHI W. fllst St., ( luniKO .‘tJ. 
Ill. 

Fairmount .AliiminuTn Co., I'liinnounl, W. Vti. 
Pernianeiite Producta Co., 11)24 Hroadwiiv, Oakland 12 , 
Cal. 

Ileynolda Metals Co.. 21)00 S. 0th St., Li>uiBville 1 , Ky. 
lliRidized Metals Cnrp. 11.58 Ohio St., Butlala 3, N.Y. 
United SmeltinK 4 Aliiininuni (’o., Inc., New JJiiveii, t’t. 


SHAPES. DRAWN OR PRESSED (See Alsu STAMP¬ 
INGS; alsii SHELLS) 

.Ackermaiin MI/?, (^n.. Wheeling, W. 

Acklln Stamping Ci)., IDiM Nebraska Ave., 'I'uledn 7, 

O. . . ip- C'.s-) 

(.'oliiinliia Steel 4 Sliafting Co., P.O. Pox 1557, Pitts¬ 
burgh 30, Pa. 

I'iiniiiiercial Shearing 4 SIiiiiipiog ( ’ii , 177.5 l-ngan SI., 
^'llullgsl own, O. 

D.ahlHtrom Metallic Door Co., 1.15 Buffalo St., Jamea- 
towii, N.Y. 

Df'lroil, Sl:ini|iiiig ('o., 418 Miilhiiid Ave., Di'lroil .‘1, 
Mieii. 

FitzHimoriB Mfg. Co.. 3775 E. Outer Dr., Detroit 12, Mich. 
Ii. F. Crammea 4 Sona, Ine., .']li5 Union St., Allentown, 
i'll. 

lln iMo- Mlg. ('o.. Inc., 1028 Douglas Ave., Iliiiinc, Wis. 
Ileintz Mfg. Co., Front St. 4 Olney Ave., Phila. 20, I'a. 
C’lmrleH W. Krieg Co.. 48 Dickerson St., Newark 4. N.J. 
liiinsiiig Stamping (]o., 115!) S. Peiinaylvani.'i Ave., Laii- 
niug 2, Mil'll. 

I,iiule .Air Prixlueta Co., Unit of Union Carbide 4 Carbon 
l^jrp., .30 E. 42iid St., N.A'.C. 17 
Pittsburgh Plate frlasB Co., 032 Diniuesne Way, Pitts- 
burgb 22 , Pa. 

Powell Pressed Steel Co., Hubbard, 0. 

Preased Steel Tank Cu., 1471 S. 6 filh Sr., Milwaukee 
14, Wis. (/j. TH) 

Eilw. Ilenneburg 4 Sona t 'o., 2(130 Boston St., Baltimore 
24, Mil. 

Bcpublic Steel Corp., Bepublie Bldg., Cleveland 1 , 0. 
Revere Cupper & Brass, Inc., 2311 Park Ave., N.Y.C. 

17 {p, lifi) 

Stanley W'ks., 105 Lake St.. New Britain, ('t. 
roJerlr) Stamping 4 Mfg. Co., 00 Fearing Blvd., 3'oledo 7, 
0 


SHAPES, STRUCTURAL 


Aliioiiiniiii t'o. of .America, J'i I l.shiirgli 10. I’;i 
.Atliintie Steel Co., P.O. Box 1714, Atlanta, tla. 
Bethlehem SUrel Co., Bethlehem, Pa. 

Bettinger Eiiatiiel Corp., Metal Fabricating Div., Wal¬ 
tham, Maas. 

Bigga Boiler Wks. Co., 1000 Bunk, Akron 5, 0. 

BrascD Mfg. Co., Harvey, Ill, 


Central Steel 4 Wire Co.. 3000 W. Slat St., Chicago 32, 

Ill. 

Chase Brass 4 Copper Co., 23fi Grand St., Walerbury 01 , 
Ct. 

Dahlatroin Metallic Dour Co., 435 Buffalo St., James¬ 
town, N.Y. 

.lories 4 Laughliii Steel Co.. Pittsburgh, Pa. 

Laclede Steel Co., Arcade Bldg., St. lioviis 1, Mo. 

■A. B. Murray Co., Inc., fi30 Green Lane, Elizubelli, N.J. 
Edw. Ilenneburg 4 Sona (.'o., 2030 Boston St., Baltimore 
24. Mfl. 

llepublic Steel Corp., Republic Bldg., (Mcveland 1, 0. 
Revere Cupper & Brass, Ine., 230 Park Ave., N.Y.C. 

17 (p. l!fl) 

Reynulda Metals Co., 2000 S. 0th St., Louisville 1, Ky. 
Joseph T. Ryerson 4 Son. Inc.. 10th 4 lluckwell Sts., 
t'hicago. 111 . 

Tennessee Coal, Iron 4 Railroad Co.. U. S. Steel Corp. 

Subsidiary, Browii-Marx Bldg., Birmingham, Ala. 
United States Sti*el Co., SiihsidiJiry nf I'. S. .''tcel Cnrp., 
525 Win. Penn I’l.-ji e Bldir.. I’iltsburgli 3U, Pa. 
Weirton Steel Co., Weirton, W. Va. 


SHAPES, VULCANIZED FIBRE (See FIBRE) 


SHEET, ASBESTOS 

A'fol Div., Rellerial Corji.. 155 I'l. 44lli SI ., N.A'.C. 17 
Aiii-.linr Packing Cl)., 401 N. Bruail Si.. Pliihidelpbiii 8, I’li. 
BcImoiiT, Packing 4 Rubber f.'o., Butler 4 Senviva Sta.. 
Phila. 7, Pa. 

I'hiUp f’arey Mfg. Cd., Lncklanil Cin'ti. 15, D. 

Darcnil Co., Inc... 145-litb ,\ve., N.V.l\ 13 
Durabhi Mfg. Ih).. Ill Liberty St., N.Y.C. (i 
J'lhrct Magnesia ^ifg. Co., Valley I’orge, Pa. 

Felt ] ruducts Mfg. Co., 1508 Carroll Ave., IJiieagn 7, 

lAl. 

Garlock Pae.king Co., 402 Iv Main St., Palmyra, N.Y. 
Ilidliiw fkiiiler Packing Co., Ii52;i Euclid Avi*., I'levelaml 
3, 0. 

JulmH-ManvIlle, 22 E. 40ih St., N.Y.C. 16 [p. 

Kiibt. A, Keiisbey ( o., 13!) W'. lOtli St., N.Y.f!. II 
Ivenabey 4 MattiHnn f’l).. Ambler, Pa. 

Klingerit, Ini-,, Hi Hudson St., N.>'.C. 13 
Linear, Ine., State Hd., iV Levii'l! St., Phila. 35, Pa. 
Melrath Siipjilv 4 Gaskel. )’o., Ine.. I'inga 4. MeiniiliiH 
Sts.. Phila. 34. Pa. 

Ni'vv ^Drk Belling A' l’;ii‘lciiig I'd,, I .Mnrkel SI,, I’iiMsiiir', 

Norristown Magnesia 4 ABhestos f’o., WaNhingtini St. Ije- 
low Foril St., Norristown, I'a. 

ItaylieHtoH-M.’inhal.tan, Ine., bl Willett St,, Passaie, N.J 
Ruberniil Co., 500-5lli Ave., N.Y.C. 18 
Rutland I'drc ('lay 13) , Curbs Ave., Tliil.land, \'L. 
Standard AsliestiM Mfg. (Jo., 8li0 W . Evergreen .\vc., (Chi¬ 
cago 22 , 111 . 

Victor Mfg. 4 Gasket (Jo., 5750 Roosevelt lid., ChiiMign 

1)0. III. 

Grant Wilson, Ine., 3 I (J S. La Salli; St., Chicago 4, III. 


SHEET, BRASS, BRONZE, COPPER 

AmErican Brass Co., Walerbury, Ct. ( 71 . IHH) 

BiTger Mfg. Div. of Repuhlir' Steel I Jnrp., 10.38 Belileii 
.Avr*-, .\.E., ('.'infon 5, (). 

Bristr)! Brass Corn., Bristol, (Jt. 

Central Steel 4 Wire Co.. 3lK)l) W. 51 bL St., Chicago 32, 
Ill. 

Chase Brass 4 Copper Co., 23U Grand 8 t., Waterbury !)I, 
Ct. 

C. G. Hussey 4 Co., 2 H(iO- 2 nd Ave., Pittsimrgb ID, I’a. 

P. H. .Mallory 4 ( Jo., Ine., 302!) J'l. \\ iishingl iin St., 
Iiiilian.'iprili.'^, Inti. 

Revere Cupper Bt Brass, Ini:., 230 Park Ave., N.Y.C. 

17 (p. I HI) 

Sr.nvill Mfg. Cl)., 0 !) Mill St., Walt'rbury 01 , Cl. 
SisulKraft Co., 205 W. Wackcr Drive, Chicago (1, HI. 
Western Brass Mills, Div. of iJliri Industries, Ine., E. .Al¬ 
ton, Ill. 


SHEET, ENAMELING 

Armco Stool Corp., Middletown, 0. 

Berger Mfg. Div., Rcpublii: Htirel Corp., 10.3H Belden .Ave., 
N.E., Canton 5, 0. 

Central Steel 4 Wire Co.. 300 W. 5lBt St., Chicago 32, III. 
Inland Sleel ('n., 3K Dearborn ,)^l. , (Jliir-airri 1.3, 111. 
Republic Sl^el Corp., Republic Bldg., Cleveland 1, (), 
Bigidized Metals Corp., (i5H (Jhio St., Buffalo 3, N.Y. 
Joseph T, Ryerson 4 Son, Inc., Bjth 4 Rockwell Sts., Chi 
cago. III. 

Tcnneiueo Coal, Iron 4 Railroad Co., U. S. Sl-cel Corp. 

Subsidiary, Brown-Marx Bldg., Birmingham. Ala. 
United .Siale.s .Steel fJo., Subsidiary of l\ S. Steel Corp., 
52.5 Wm. Penn Plan* Bldir.. PillHlmrgh .30, Pa. 
Weirton Steel Co., Weirton, W.\'a. 
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Refrigeration Classified 


SHEET, INCONEL, MONEL & NII:KEL 

Inlernational Nifki*l Cci., G7 VVtill St.. N ^'.L' 


SlIEpyr, STEEL (See alan particular type; 

Mli'iclii'liv TiUrlliiin Sli-i'l I'ririi , f>li\i‘i Mhl^r IM t mImh ir|| 

Vrmpo Steel Curp., Middletijwii, H. 
lletlilehein Steel Cd., llellilidiein. I'a 
Central Steel Ai Wire Cti., dOUlJ W. rilsl St.. L'liieaKrj .'lli. 
Ill. 


Inland Si eel Co , S. 1 )i-:Lrlii)rii Si . Cliieafrn i:{, Ill. 
Junes TjauKiiliii Steel Cu., I'lliHliurKli, i'a. 

Ueevea Sleel it Mfn. Cn , i:i7 K. Inni Vve , Dnver, 1) 
Jiepublie Sli‘el ('nrp , Itepuhlie Itlilf? , ('levelaiiil 1,1). 
Joaeph "J'. IlyrrHdn it Son, liie , Ifilli iV Hnekwidl Sl« , 
('lueuKii, 111 . 

'I'l'iinoBBee ('ual, Imn it lluilrnad Cn , C. S. Su-el t'liip 
iSiibaidiary, HruAMi-Marx Hldn . HirmiiiKliain. \la 
I'liili'd Sliilee Slerl ('u , .Siih.sidiai v nf I S Mi 1 
.'iiri Will, remi I'l.iii Midi' , I'lllHlnni'li ■ID. l‘.i 
W ;illiiii;rni il Slei-I ('it , W all ini'! iiiil I'1 
W LMrtnii Steel Co., VVeirturi, VV. Vii. 

W lii'eling CorruKatiiii' Cn., WMieeliiig, W. 'N'a. 

W'liecliiiK Sleel Cnrii., WlieidiiiK, NV. \'ii. 

YouiikbLowii Sheet it Tube ('n , VouiiKatown. (t 


SlIEirr, STEEL, COA'I’EI) OR liALVANlZEO 


Anneo Steel Corp , Middlel nwn, () 

Meinei Mfa. I )iv., Mi‘|juIj1ii .MeelCnip , I D.'ih Mi liieii \\e, 
N.T]., ('ant un Ti, f). 

Mellilehein Steel fhi.. Mellileliiin, I’.-i. 
t'enlral Sti'el A Wire Ci> , .'IDDD W’. 5181 St , ClneaRn 
111. 

.liiiM'H ut LauKidiii Sleel ('ii , I'll iHbiiii'li, Pa. 

\. M. Murriiv Ci'., Ini- , li.'lD Creene Mane, Eli/abi‘lli, N .1 
HeeveH SliM‘1 A Mt|r ('ii,l.l7Ii linn \ \ e , 1 )i»\ el, I) 
Kiipublie Steel Cnrp , Itefiuldie Mldn > Cle\ eland 1. () 
.JnaejjJi T. Kyei.'iiin iV Sun, liie , llitli A Kiielvvvell SIm , 
rincaKii, 111 

reiineasee ('uni, Iiuii \ M.iiliuid ('u I' S Mi- I ( uip 
Snb8nli]ii\. Miiiuii M.ii\ Midi; . Mn niinifli.iin. Mi 
r ml eil Si ill es M ei'l ( n , Snlisidi II i uf C S Sleell'uip 
525 Will I'eiiii I’lai'e Mlih' I'll Islnii i'll III l‘i 
Weirinii Sleel Cii , Weirtnii, W \ ii. 

VVlieeliiiK CnrriiL'utinK Cn , W lieeliii('. W’. N'a 
W lieidinp SI eel ('nr|) , V^ liiM'lini', W \ a 


SHEET, STEEL, EIJ'.CTRICAL 

Alleprlii'iiv laidlniii Sleid Cnrp , ()li\ei Mldn , I'll l.shiirpli 

22 . Pa. 

Aniien ,SI ei'l ('nip Middlel ll^Ml, D 

Central Steel it W iie f'li . MDDI) W 51 s| S( , ('Iiii.li'ii .'12. 
Til. 

llepiililii' Sleel Cnip . Iie|)iiblii' Mlde , ('Ii'\ elaiiil 1,0 
Jnai'pli 'T. lO'i'iaini it Son, liie , Killi it UnekvM’llSiN , f'lii 

eaKii. III. 

'J’eiineHHee ('nal. Iriin it Kailruad Cn . IT H Steel ('nrp 
Siibaiiliary. Mrnwii-IMiirx MIiIk., Minniiiiriiani. Ala 
Ciiili'il Si.lies Sleel ( 'u .Siiltsi li.iiy uT C .S ^| ei-l Cuip 
525 Will Penn Pl.iee Mliltf . Pit I hIuh i'll 111) Pi 
W lieehiiK Sleel Cnrp., W lieeliiii;, W \ a. 


SHEET, STEEL, STAINLESS 

AlleRhenv Tmdlum Steel Cnrp., Oliver HldK-, Pittaburijli 
22 , Pa 

Armen Steel Cnrp., IMiddletown, 0. 

Ilerper A1 £k Div., Repiibln: Steel I'nrp., lO.TH Melden Ave,, 
N.E., Canlun 5, (). 

Central Steel iSt Wire Cn., 3000 W. Slat St., ChieaKD 32, 
Ill. 

T'ai.qlern Stainleas St eel Cnrp , 1*.0 Mnx 1[)75, Malliinore .3, 
Md. 

Ilepubbe Steel Cnrp , llepnblie Midp., Cleveland 1 , O. 
lliKiili/eil Afelnln L'nrp.. l)5S Ohm SI , MulTalu 3, N.V. 
Joaeph 1'. Ryeraun iV Sun, Ine., llilh At llnekwell SLa , 
Chieajin, ill 

TenneHoei* Cual, Irnii A. liadruad Chi , IT. S. Steel Chirp 
Siil) 8 iiliiirv. Mrfiwn-IVI.arx Midi;., Miniiiiiirham, Ala. 

I iiileil .Si-iles Mill I'll , SiiliMidi.Liy id C. S. Sleel Cnrji , 
.525 Uni Pi'iiii Pl.iei Mldj;. PiltMliiirirh 'll), T'n. 

W illiiii'lniil ,S(iel I'u W .■illmi'fnnl, ('1 

.'•IIEET, ZINC 

lllniiiiv Ziiii Cn _''(.5'l W t7lli SI Clneij:n3J 111 
New .lelaey Zine Cn , Hif) Fmiit St , N V.C. 7 

SHEET ME'I AL ASSEMBLY & MANUFAC TLIRINC 
\i keiiii'iiin \1 Il' ( II . W III 1 liiii.' W A :i 
\i nil l]|iiin ('n,2()5l. M’\\,i\, M iiakiii'ee Okla 
Mnr( Mfir (^'o , f).‘l2 S Till'll St.. Akrnn li, O. 
liahlalrnin Aletallie Dniir f'n, 4.35 Ruffalo SC, .lames- 
l nvMi, N 

OiMn ProtlurC. Cn., 1042 Dean .Si , Briiiiklyn 15, N.A'. 

Ip / T I 

line All Mel.il Cn , lf»()2 C IS St., Eiie, Pa (Piirla) 
E\.iiiM Mfu I'n , 41)0 ,S IDlli Ave., Ml Vernrni, N.Y. 
I'.ilsirnin ('n , 1'1 I'.iCtlnlii ('( P.i 88 .in, \ I 

0.i\ Thii'ri'. f'n., 2730 1C lllli St., Lna AnueleH 23, C'al 
C I'’ (iiaininea A Siiria, Ine., 31)5 Cninii St , Mlentown. 

Ceilidh I'an A lllower Cn , 12M Linili’iiSl , Vlli'iittiwn, Pa. 
M;i\ 8 leil Piiiduils, Ini , 710 N. Plankintnii Vve , .Mil 
w Liikee 3, W ih. 

MnlliiiHMIe Cnrp , S Ihlawnrth St., S;ili>m, O. 
Mnlli-Melnl Win Clnlli ( n , 1.1511 CaniHnii \\e,lliim\ 
.5D N A . 

\ew A'nrk lion RnoHni? it Cnrnn.'ntini; I'u , liie , !)4 IhI 
M . .Ii raev I 'll V 2, N ..). 

Pilniei Mee Cn 1701 PI anil \\i , Oi'tinit 12 Miidi 
l( Perliek Mraas Cu.,3110 Wh Memeeke Ave., MilvNaukee 
ID. W’m 

Edw. Meniiebni^ iV Sinus Cu , I’li.'l!) Miiatnn Si , Malliriiore 
2E Mil 

Iteniihlie Sli'i l Cnrp , Ilepublii’ MldK.. Cleveland 1, O. 
Knbiiisnli A\i!itinn. Ine, 'leteilnirn, N .1 
Slaide.N Wks.. l')5 Cake St., New Ilrilain, IR. 

WiCnn Meli ipeial inn Ini' , .M.un ,SI , Sinvrnn. Old 

SHELLS, DRAWN OR SEAMLESS CSee SHAPE.S, 
DRAWN) 

SHELVES, REFRn;ERATDH (See alan RACKS; ulan 
WIRE FDRMINr;) 

M.iiii'i Mills I'll 1771 iSlii'iid.'in Vve , Spniiirfielil, O 
Collls Cl)., Ui)\ 2.H, Clintnn, l.i. In //'4i 

f L' iinmtt i/J 


THE COLLIS CO. 

CLINTON, IOWA 

A^anufacfurers of 

* Refrigerator Shelving ■ Dividers and Separators 

■ Refrigerator Baskets • Wire Guards 

• Freezer Baskets ■ Wire Grills 

■ All Types of Wire Specialties 
Write or Wire Regarding Our Complete Facilities 




Refri^reration Classified 


175 





J. 


do it 

HARD WAY? 


SUB CONTRACTS 
ON WAR GOODS 


Wir hovi r C]B5,DD0 square frpi of 
pinni rquippE!d wilh modern 
machines, dcvaled Id wr;lded 
wire Pabricahan DurFncililies ar»- 
available lo you for your sh(M?l 
melnl, formed wire and wridrd 
wirr assembly r e q u i r c m <? n I s All 
operalions in one pInnI in non- 
slrolegir area, well served by all 
forms of ma|Dr I r a n s p □ r I a 1 1 o n 
Eaplonolory lacililics foldf’r will 
be sen! upon rrqursi 


There is always an easier way to 
get things done and in this case it costs 
Jess, in both time and money. 

As contract suppliers of fabricated wire 
products, welded steel wire shelves, baskets, 
wire shapes, we are completely equipped 
to handle any job. Starting with a design 
engineered for economical production, we 
produce with automatic machines, then fin¬ 
ish in our own plant to your specification. 

We know we can deliver a better 
product and we know we can save you 
money. Why not let us try? 



STEEL PRODUCTS COMPANY 

Wire Prsducli Diviilon ■ ALBION, MICHIGAN 


FibricBlori ol Wsldad Wli« Froducli— MaDulacluriri of ■l■■l wiro PalUii and PALLETAINIRS 
lor malailil blsdliBg and ahlpBanl — WE N D WAT CanvB7aii far plant nlllDlaBBT 
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SIIKLVES, RKFR1C;KHAT0R (i:untlnued) I 

Dsarburn GLubb Gri., 2414 W. 2lHt St., ChicaKo 8, 111. ( 

IJtjQBiE'r Gardinal Gurp., 001 W. Ibrlifd Ave,, Evannvillb' I 
7, Ind. I 

Kentucky Metal ProduftB Go., Preston St. A: Auduhon 
Park, IwOuiHVillc 4, Ky. 

Polar Hardware Co., 1031 S. Michieaii Ave., ChicaKD 10, 

Ill. 

Heyiiitldn MtIhIm ('d , 2IM)0 S. Dili SI , Ijiniisville 1. Ky 
SiiBiith Gians Co., Hartford tvity, Ind. 

\nioH 'I'hiiinpNtiii Gtirij . Ktliulmrirh, Inrl 
I']. II. 3’itcli['iii‘r iV (.'ij , Hirjftliainl.oii. N J 

Unlun Steel Prndui'ts Go., 448 Pine St., Albion, 
Mich. (p. f/Vj) 

U. S. GypBum Cn., .'UHJ W. Adams St., ChinaKU IJ, Ill. 
IJniLod Steel &. Wire Co., rtatlle Creek, Mii’h. 

Wall Wire Prodiii’ta Co., 11333 General Dr., Plymnutli, 
Mifh. 

Tj. a. VouriK SpririK & Wire Curp., n200 lluHsell St., De¬ 
troit 11, Mirh. 


SIlIKLnS, EXPANSHl.N (See ANCIf UKS) 

SHIMS 

Chasr Hrass A; Copper fwi., 230 Grand St , Waterliiiry !)1, 
Ct. 

1) I'I mil Stain |iiim ( o 4 IM Midlninl \ vc , Del i oil 3, Mu-li 
C.eneral 'I'lre Ml Rubber Cn., GarHeld St., Wabash, 
Ind. (p. /;/) 

n. F. Giiiidriuh Cl),, 500 S. Mam St., Akron, I). 
liamiiiatcd Slum (^o., liir.. Union St., Gleiilirook, (^t 
Natirnial Motor HoanriK (’o., Inr.. Hi‘dwood City, fkil. 

\ an CliM‘f llroa , Iiu" . 7H(JU S Wooilliiwu Ave , CliiraKo 
in. 111 . 

SHOCK ARSORHKRS (See VlBRA'IiON ABSORB¬ 
ING BASES) 


SIIUTPERS, AITTOMATIC 

\lleii ViMitiliitinv Div., Pioiluctioii PlaiiiiiiiK Co, 704 
Wooilwiinl, lloi’lientL'r, Mieli 
Aiiierii-aii ('nnliiii t'liip, .thOii Miivllowia ,S| , .Iiii-\siiii 
VIlie 3, l''lii 

Arex (/O., 333 N. MieluKaii Av(‘ , CliieaKO 1, Ill 
Uiirln'r-Ciiliiiiiii Co Itoelvlord, III 

Hishop A^ Ilahi'ork M/r. Co., P.IOl TTiiinilton Ave., N.E., 
ClevL'laiid 11, I). 

Dii'lil MIr. I'll , M.AJ li’inilerne \ve .Soini-rv ille, N .T 
Mleel 1 nveiit l'’;ui A MTr t o , HU li.iLe ,Sl , CliiiaRo 
7, 111. 

GiMieral Mnwer Co ,l'’einM , Moilon Glove, III 
.lohiiBOii Fan ik Ulower Cnrp., 131H W. KakeSt., ('liieaRD 
7. III. 

II. II. Iloberlfinii Co . 2401) I^iniier.^i’ MaiiK Mld|r , Pitln- 
hurRli 22, Pn. 

y. E. Sprnuni’ Co , liir , f^ulumbiiH, Tiid 

K. .1. Wing Mfg Cl) , Ifil W. 1 4Lh St., N.V C II 

SHHIT GLASSES (See LlUlTfO INDICATORS) 

SIGNALS, KI.KCTRIC 

AHhtiin Valve ('o ,4.1 keiulriek SI , \\ reiitli.aiii. Miihh 
A utnniatie Control l’'o , 100.5 ITiiiversity Ave , St. Paul 
4, Minn 

Autoiiialie 'reinpenilure Coiilrnl Cn., Inc., 5212 l^llnBk 1 
AVI-., Pliila. 4-1, Pa 

Railey Meter t o., 10.50 Ivuiilioe Rd., Cleveland 10, O. 
llrowii Inntriimiiit Co., Div., Miniieapolis-Honcywell 
]1«Ku1alnr f'o , 4414 Wayne Avi*., Phila. 44, Pa. 
Colloid Kiiiiip Co , .50 Cliureli SI , N V.C. 

Coral Di'NiRiin, 12-ili Xnloria Plvd , Kdiir Inlaiiil Cily 2, 
N.A. 

Enterprise PriMhirts Co., P.O. Hiiv .577, Freeport, III. 
Fisrlier A Porter Co , Iliilbnrn. Pa. 

Kelvlnaliir Olv., Nasb-Kelvlnatiir C.orp., 1425U Ply¬ 
mouth Rd., Detroit, Mich. (;i ^i) 

AleDoiiiiell A Miller, liie , .3.5IK) N. SpaiildiiiR Vve . 

('bieago IS, 111. 

Mndiietrol, Inr., 2110 S. Marshall Hlvd., Chicago 23, III. 
Miiniiiiig, Ma\^^ell A Moore, Iiii- . 11 Khan SI , Hmlge- 
pnrt 2, Ct. 

Marshalltown Mfg Co., Marshalltown, la. 

Mason Neilaii llegiilaliu Cn , ll!lll \daiiin SI., Ilnstoii 
24, Mass. 


Paiiidlii, Inr., 7212 N. Clark SI., Cliieagu 211 , 111 

H. A. Phillips & Cti., 3255 W. Carrnll Ave. Chimun 
24, III. fp /ijj 

Precision 'J'hermrimelcr A Instrurrient Co., 1442 Praiidv- 
winc St., Phila. 30. Pa. 

Reynnliln Elec. Co., 2050 W. Congress, Chicago 12, III. 

Kusni-ll A .Stoll Co., Inn., 125 Panliiy SI., N.A C. 

Signal Engrg. & Mfg Co., 154 W. 14tli St.. N.Y.C, 11 

Standard Thermoinrter, Ine , [1.52 Drirehester Ave , Don- 
Ion 2.5, Mass. 

Taylor Instrumcnl Cos., 95 Ames SI , rtorlieHler 1, N.A 

'I ork Cluck Co.. Inc., 1 Grove St.. Mt. Vernon. N.Y. 

U. S. Gauge, Div. of American Maehinc A Metals, Sellers- 
villc, Pa. 

Wright-Austin Co., 315 W. Woodbridge St., Detrnil 2 (i, 
Ill. 

A'iiriiall-Waring Co.. Cbcshiut Hill, Pliilu IS, Pa. 


SIGNS (See also NAME PLATES) 

Acromark t^o., 5 Morrell St., Eli/abetli , 5 , N.,J. 

Aiidernnn A Sonn, Iiii* N. Elm SI . Westfielil, Mass 
Artkraft Mfg. Corp., Kibby SI. A D.T.AI. 11.11., Tiima, f) 
Hettinger Enamel Corp., Melal Fal)ricatmg Div., VA al- 
tham. Mass. 

lngrani-Hii-b!ird.siin Mfg Co , Hi-uvit Fiilln, Pa 
Mine Safely Anpliant-ps Co., Uraddnek, Thomas A Meaili* 
Sts , Piltsburgli, Pa. 

Newman Hi os , Irie., Iilili W 4tli SI., Cineiiiiial i 3 I) 
Arnos Thompson Corp., Edinburg, Iriil. 

SILIC:A cel (See DEHYDRAN'l'S) 

SILVER 

Haker A Co , liie , 113 Aslor SI Ni'wark 5, \ .1 
E I. ill! Pont de .N'emours A ('ti , Inr A\ ilmiiigl on !IS 
Del (PnwdiT) 

Handy A Harman, H 2 H'ulton St , N A'^.C 7 
P. H. Mallory A (^) , Ine., 302[1 E, Waslungton Si , 
Tridpls., Ind. 


SLEEVES, CYIJNDER 

MeQuay-N orris Mfg. Cn , 2320 Man-nni Ave , Si T.iiuih 
10, Mo. 


SLIDES, DRAWER 

Hraaeo Mfg. Co., Harvey, Ill. 

Kuape A Vogt Mfg. Go., Grand llnpids 4, Mich. 
Staiidard-Keil Hardware Mfg. Co., Iiic., l>31) H’wav 
N AM) 13 

E H Wagner Mfg Co, 4001 N 32Md St , Milwaukee. 
WlH. 


SODA rOUN I’AINS, FOUNTAINF.ITES Bt EQUIP¬ 
MENT (See alan CARBONATORS, etc.) 

\ee Cabmet Corp , 110 E. 42iid St.. N.Y.C. 17 

Huslian-HleHsing Co., 4201 W. Peterson Ave., Chicago 1 

111 . 

Ilorneu A. Carter, Inc., 10 E. Marshall St., Richmond 19, 
Va. 

Ileat-X-Clianfter Cn., Inc., BreWvSter, N.Y'. Ip J£f)) 

Hudson liiilustrieH, Ine , 441)0 Si. Aiibm Ave . Del mil 
7. Mirh 

.SrieiiUlie Keaeareh Cn , llilH N A aiieiiii\ ei , Purl laud U 
Ore 

Stanley Knight Corp., 3430 N. PuUiski Rd., Chicago 41, 

Taciuid Carbnnie Corp., 3100 S, Kudzie Ave., Chieago 2-3, 

Ill. 

Nelson Mfg. Co., 4010 N. Union St., St. T^ouis 15, Mo. 

Charles Q. Shormaii Corp., 149 Broadway, N.Y.C, li 

Super-Cold Corp., 1020 E. 5!)th St., Los Angeles 1 , Cal. 

SODIUM CHLORIDE 

Pittsburgh Plate Glass Co., 032 Dufiucsne Way, Pitts¬ 
burgh 22 , Pa. 

SODIUM DIGHROMATE (See WATER TRKATINi; 
MATERIALS) 


SOFTENERS, WATER (Sec WATER I'REA'IINf. 
MATERIALS) 
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SOLDER (See also SOLDER, SILVER) 

\11-Sl!*tp WBlding Alloya Cli.. Inc., 273 Frrria Avt'., Whiti* 
I’lama, N.\. 

I)i\imiiii I-encl (’f» . H3ri Kiii/ii' SI., CMiu-iiiin 22, II] 
Ettulc-Pudipr iSalcH Cd., American BldK-, niii'ti. 1, O. 

WclilinK AllfjyB Uorp., 4U Wnrtli SI., N-S^.C. I.'l 
I'l'diTfitiMl Mduls Div., AniiTii'jiii Sini'llinK iV Hi'liiniiK 
('ll . 120 n’wiiy, N.V (’ Ti 
lliiiiily it I larinnii, S2 Fiillftii SI . N.V (\ 7. 

T.ierik Mfn Pu , Ncwtuii Luwer Falla IJ2, Miibb. 

Miiclli'r hniHM Pi) . Iil2.'> Tiapi'i’r \vf Purl llunni, Mirli 
Niitinrinl Lead Co., Ill liroaJway, N.Y.f]. li 
Nurlhcrn Indiana Hraaa Co., fi35 IMum St., Elkart, Ind 
Norlliwcal Lead Cu., 27l)0-ltilli Avc., S\\., Seattle 4, 
Wuali. 

Eiiili'il Wire it Snpplj Pnrp , 1 LI7 ICIiimmhhI \\i‘ , 
Tf f)\ idi’iiiM' 7, K 1. 


SOLDER, SILVER 

Vir Kriliii'l HIM S.ales Po , liO E 42iirl SI , N.^'.P 17 
Vll-Sl.iil[* VViddiiiK klliiya ('u , liir., 273 Ferns VMiile 
J’iaiiiH, N.^ . 

Anii'ni-iin Pl.il iiiiiin \\ kw ,2'll \.l li li . \i«'iik 

N .1 

linker tV Pii , liii- , 11-1 Xstnr SI Neuaik Ti. \ I 
Phase Mrass it I’upper Pu . 2315 I rranil Si., W jiterlniry '•!, 
CL 

l)iVMmii L[*‘iil (‘n , ik.lh Kiii/i[' St , Phieapu 22, 111 
Euluclu- WcUluiK Alliiya Curp , ill Wurth SI., N P. 13 
Ireiienil Plate Div , Metals A PDiitruls PuriJ , Attlehoru, 
Mass. 

Handy tfe Tlarinaii, H2 Fviltoii St , N.Y.P 7 

Ph-iH W Krien Co , 48 Dickeraon St , Newark 4, N.J. 

I ULMS Milli.iupt Eui^rp Pu , .'1051 S L.iki* I)ri\ e, MiIm.iu- 
Kee, ^ IS 

IV It. Mallurj' & Co , liic ,3U2') E Washirtpliin St., Inilpls 
Incl. 

Mui‘lli‘1 Hiass Pu , U)J.5 Lapeer ^vl‘ Purl linruii Miili 
National T/ivid L’o , 111 Hroadway, N.V (L li 
(Tinted Wire di Supply C’urp , 14!I7 I'ilmwoorl Ave , Prnvi- 
deiiee 7, It 1. 


SOLENOID VALVES, REFRICERANT 
(A—Amniunla; B—OthifV rurrlueranta) 

(A,B) Alcti Valve Cn., 855 KlnAshinLl Ave., St. LuuIh 
5, Mo. ( 7 » '''0 

(Ml \ P I'unIruN t'urj) 21.50 N .‘!2iiil SI Milu.iukei 
10 Win 

(\,M) \utonml If Sv\ it eh Pu , 3!ll Lakr-sidi* , Ihanije, 
N..I. 

Dean DaviH iV Pu , .3418 N Milwaukee \yi‘ PhnaKii 
41. Ill 

(Mj Detroit Lulinealoi (’u , .5'M)0 'J ninihull Vve , Delriut 
H, Ml ell. 

CA,B) Frirk Cn., Waynesboro, Pa. (p >!) 

(A,B) Cencrnl (]ontriils t^n., 801 Allen Ave., Clen- 

ilale. Cal. (p- 

(M) Hays Mfg. Cn , 12th iV Liberty SLh., Erie, Pa. 

(A,B) Henry Valve Co,, Melrose Park, Ill. (/i i.i) 
(A,B) llubbell Cnrp., P.U. Bos 700, Hawley Rd., 
Mundelein, 111. (l>- 

l\,M) .laiiii‘H P. ALiihIi Pnrp Skukie, 111 
(B) Penn Elec. Switch (]o., (;n.>ihen, Ind. (71 h.'f) 
RefrigeratliiK Spernillies Po., 728 S. .SiirramenIn 
Plvd., Chiragii 12, Ill. 

Saren lin., Inc , .I50-5lh Ave., N.Y.tL 1 {p. Ifn) 

(A,M) Sporlan Valve fhj , 752.5 Sussex ,Ave., St I.>ouib 17, 

Md 


I Erickson Speiaally Cl»., lit I’liyugii St., Pnliues, N.Y. 

Hays Mfg I’n., 2l8t Ac Liberty Sts , Erie, Pa. 

I Henry Valve Co., Melrnse Park, III. (71 jrt.if) 

I llubbell (iorp., P.O. Box 700, llu\«ley Rd., Munde- 
' leln, III. Ip /.S1P 

j .IiLiiieH P .MurNh Pnrp , .Skukie, 111 

I VV li. Nirhulson ik Cu ,200 DreguiiSt., ^\ ilkeh-Mjirre Pa 
, Penn Elec. Switch Co., Coshrn, Inti. [p 

I I'Ved I). Pfi-iiuig Pu 107.5 V5 .5ih \ve , PuIuiiiIiiib 8, 1) 
Sarco Co., Inc., 350-5th Ave , N.Y.C. I (p. /t>D 

Spuilaji A alvr- Pu , 7.525 .‘^iiMHea Avi* , St Luuis 17, Mn 
I Supremt' Elcc. Prudui'ts Cu., 104 A'lissa: S' , Itnchesti'r 7, 
I N.Y. 

SPEED CllANtH'RS '.See al.si. DHIA ES, AARIABLE 
SPEED; 

AlliH-PhnlmerB Mfg ^'u , Milwuuki'e 1, M’ib 
I hiNluii (li'Hi \\ [irlvH, IJiiiiii'.t 71, M;lhh 
I Phiiagu Die PiiHliiiK Mfg Pu , 2.500 Muiilm SI , 
I 12 III 

DeLaval Steam i'urbini' Pr) , 8,5J Nutliiigbani Way, 
i r.'iilon 2. N..J. 

1 Eleelni Maeliiiiery Mlg. ^ n , l.'i 18 i’yliT ,St \ F 

I Miiiiii'iipuli^ I.{, Minii 

ialiiii Ml iring Pu ,.37 Muutb SI.. Ni‘w Miilaiii, Pt 
Ceiiera) Lire. Po I IIivit Hrl , Si lieneetiLiL' .5, N.A'. 
.Fane'll* Mfg Pu .5.5fi \V Munrui* .St , Phir-agii ti, III 
W. A .! iini-H I'uiiiidry ik Mai-liiiie I'u., 4 101 HuiiBi'vell ltd , 
I 'hieago 24 , III. 

Luna l.lei Mulur I'u . I'lndl.'iv Mil , Lima (t 
T^iiik-Mi'll Pi’ , 201.5 W lliinling Park, Phila 40, Pa 
Melrun liiHlruini iil ('■> , 2.541 >Sii. \\ unIiI eiiuw \\i 

('lilfiigu ,S. III. 

Dhiii deal I u n.i.t 1, 17'l M PleM’latiil, D 
P.iltiii I Mei I'll , 1701 Pul.mil \\i Deliuil 12, IMieli 
riiikulelphin Deal Wks , Itie , D St ik I'lrie Ave , I’hilji 
20, Pa 

llelianee Jdee ik I'-iigrg t'u , 1088 Ivuiihui Md., Plevelanrl 
II), f) 

Speed Puiitriil I'iirji , \\liklini D 

Star Elei*. MoturM Pu , 200 Mlunmheld Ave , Mluiiiiifielil, 
N..r. 

SlepheriB-AilamBun Mfg I'u , Midgeway A\ i . \iiinia, Ill 
() \ Silt I im I urp , 1812 IN . 2iiil .Si , NN n hit i I. Kan 
i win I)iHe Pint eh t'u , HaL'iiii', \N is. 

NN i>HtiiighuiiB(' l')ler. f.,orp , 200 Mef'aiidli BH Ave., Pilts- 
lujrgh 1, Pa. 

SPEED NUTS & CLIPS (See FASTENERS) 


SPDNt;E RUBBER PARIS (See HUBBCR PROD¬ 
UCTS, CELLULAR) 


SPRAY ELIMINATORS 

All ik liefrigi nil lull ’ 'uip , 47.5 ,5lli Avi- , New A urk 17, 
N V. 

I IhiliiiHiiii Pu , lOOl S .MuiHliall .SI , \V iiiHl im-Salein, \ P 
Farr Pu., 2 fil .5 SmilliweHl Dr . Lub Aiigeli’H 43 , I’al. 

Day E/igrg Po., 27.'S0 E I I Lh ,SI , Lub .Angrir-M 2.3. Pal 

Harry Coullnil ’lowers, Inc., West St., Doyleslown, 
Pa. ( 7 ^ 

KiihlenberHer Enilrii- tlnrp., ItiOO W. Cnminon- 
weallh, Fullerton, Dal. fp .‘HP) 

i'rane Co., La Criisse, WIs. (j) IIS) 


SPRAY HUMIDIFIERS (See HUMIDIFIERS) 


SPRAY NOZZLES (See NOZZLES) 


SOLENOID VALVES, WATER, URINE, etc. 

Alco Valve Co., 855 Klnftsland Ave., Si. Louis 5, Mo. 

ip- 

\-P PuiitrulB Pnrp , 24,50 N .'12nd St , Milwfluki*i* 10 VS is. 
AuLumatir, Switch Cu.. 301 Lakeside Ave., Orange, N..!. 
Marher-Pnliiian Pu , llni'kfonl. III 

Brown InstrumBiit Co., Div., .MiniiEapoliB-Hrincywcll 
Regulator Co.. 4414 Wayne Ave., Phila. 44, Pa, 
Putler-Hammer, Inc.,.3 15 N. 12th SL, Milwaukee 1, Wia. 
Davifl Regiilat nr Pn , 2.541 .S. S\ aslit eiiiiw Vvi* (iinagi 
8. III. 

Detroit Lubrii-uLur Du., .5!)O0 Trumbull Ave., Detroit 8. 
Mich. 

Deiieral Elertrir f’u., I River Rd , .Siherieiiady 5, N.V. 


SPRAY PONDS (See COOLINt; PONDS) 


SPRAY TYPE EVAPORATORS (See UNIT COOL¬ 
ER,S) 


SPRINGS 

American Spring ik Win; Speeiulty Po., 81 ti N. Spaulding 
Ave., Chie^igo .51, Ill. 

.American Steel & Wire Cn., Ru^kifellnr lUdg., Cleveland 
13. O. 

Hunter PresBed Steel Cu., BOl Maple St., Lansrlale, Pu. 
L. A. Young Spring k Wire (Turp., 0200 Rubbc ‘11 St., De¬ 
troit 11, Mich. 




SPROCKETS 
17B STAMPINGS 
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SPROCKETS 

f’harleB Bond (Ju , G17-2'i Ari-h Ht , Phiia , Pa. 

HfiHliiii (ii'iir Wuiks, Quiiirv71, 

('liiun-Bi*lt ('i> , 1()(K) W Brun‘ M Milwaukiu 4 \\ ih 
(' yrloiio Fr-rirc Uiv . Amiinriin Stuel dc Wire Co , TJ, S. 
fjtocl (’i)rn tSuhsuliiiry, I’ f). Box 200, Waukpf^an 1, 
111. 

Diurnond Chum Co , lur., 402 Kentucky Avp , liiilpin 7, 
Ind. 

.I('rtn*y MIk Cii , KK7 N -llli SI , f nliiiiiluiH lli H 
Link-Bplt Co., 510 IIolrnc§ \vp., Irid|jla 0, Ind 
Mornp r'lmiii Co, Div of Borg-AV urner Cnrp , Itliuru, 
N Y 

I )liii) 1 ji‘ir ('fi l.i.n li 170 M Cliviliiiil I) 

STAMPINC;S f.See ulsii SIIAPI'.S) 

A[ kLTirjiinii Mfn ( o , VV lieclitiK, W Va 
AL'kJIn Stumping Cii., Hi'l Nebraska \vl*., Tulcdu 7, 
O (P //.sj 

Xr'iin Lr|iii|) Cri , 20.''i L Broaduav, Muakofrir, Oklii 
Mlov IVodiirtH (’iirp , lOl.'i PerlviiiH \vp , Wiiukrahn, AN ih 
M iltiumiin (iiHiilH Mfn Co . ManilDWot- AN ih 
A inerlrun Brass (Ui , Wuterbury HH, Cl. fp l.s't) 

Ann-Ill.Lii Cinliil Mfn Cnrp, Hiv of Avi-o Corp , 
IHIIi ik ('oUiinliiu SIh , Cnriin-rHvillr-, Iiiil 
XiMi-iiriLii ICuilili-in (’o , III! . I* () Bum llfi II IBir-.-i 1, 
N N 

MUntu Slr< U ti , IM) Hii\1714 Allanta l.Ca 
ML'liiiiiKiT Mi‘Lal AN ks , Iiir . lUS .lain*/ Hf , Newark 5, 
N .1 

BiMiiiki-i Cm Lini-1 Cmp, Mitul I'.ihiii-atinj!: l)i\ , AN .il 
lliain M;inh 

Biiiichani llnbi iiul I o , UJ(i2 S T’osL Kl , Tiili-ilo Ji, (J 
Biihhi i I ( o I’ (> 1 )i iw I r .{5h, T’ I ir a 1. N A 
\ S CnniplM-ll ik I'o . lor , I'’ Iloshm 2H. Mass 


ChwBif Bfubb ife Copper Co , 230 Crand St , Waterlmry Q|, 
Cl. 

Colum'na Metal Stamping Co , IMOO Harvard Ave., Clevn- 
land, O. 

I'oiiiinpmal Shearing do SUiinping Co., 1775 Logan St , 
YouiiRStown, L). 

Craiidal-Slnne Ihv , Bn-wei-Tilehciu-r Corp , .330 Courl 
bt , Binghaintoii, N 

Dalilatrom Metallic Door Co , 4.35 BufTalo St., Jauii-N 
town, N.Y. 

Dean Prnduets ('o., 1(142 Dean St., Bnioklyn Ifi, 

, N.Y. (P /!--■) 

' Dilrrnt Sl.iinpiiig ( o 1IH Miill.iiul \\i', iJf-lniil .{, 
Mii-li 

Erie Art Metal Co , 1()02 E 18 St , li^iie, I*a. 

Fox Co , Fox Lane, Cm'ti 23, t) 

(iillinn MFr. Co , 77.50 DubojH Avr , Di-tmil 11, Mich 
(ilolie btarnping Iliv , Ilup]) Coip , 1250 A\ . 70tli St , 
Cli'vehind 2. t) 

I< r rirainineB & Sons, Tnr , 31)5 TTn on St., \Ili‘n1owii, 

Pa. 

(Ireeiie Mfg. t'o , I02K DnughiH \vi , Kaiini*, A\ ih 
(Jrecue Mfg ( o , Iin . 102S Douglas Nvr ItiiiiiM', AN is 
lleiiitz Mfg Co , r nt St iV tllni v Avr , Pliila 2(J, Pa 
IIouBier ('ardinal t 'nrp , (lOl A\ EieJii-I A\ o., Jlvaiisvilli- 7 
Ind. 

Ilnudalllr-llersliry Corp , I'lllll I-ikss Park Avr, 
North ChlcaUi), HI. Ip Ki*) 

Hugo Mfg Co , 4‘l A\t \\ . A Sujiiiior St , Duluth 7, 
Minn 

Hunter PrpSHi-d StiM'l Co , 8t)l Mapli- St , Tjiinsdale, I'a 

IndiiNtrial Wire (^loth Pnuliiels lOirp , Waviie, Mlrli 

(P 

Iiigi.iiii Bu liaidsnii liii I i iiikfiiil liiil 
r.anNing Stumping Co , I15'l S a’■ iiiis> K aiiia \vr , T.un- 
Biiig 2, Mil'll. 


Specify 




CMi&n 


High Quality 


Stampings for your Product. 

^ Pressed Metal Parts and Assemblies Built 

A to Your Specifications 

• Stamped Hermetic Housings 
»• Compressor Bases 

___ • Liquid Receivers 

• Stamped Panels 

f ^ 200 Presses Ranging 

^ From 10 Tons to 1000 Tons 

Complete Die Shop 
Controlled Atmosphere 
Brazing 

Our 130,000 Sq. Ft. Modern Plant is Geographically 
Located to Serve you by Rail or Truck Send us Your Prints and Specifications 
1911—FORTY YEARS OF SERVICE TO INDUSTRY—1951 

The dc^fui Stanp ing Company 

Faclory ft Office: 1 929 Nebroska Ave., Toledo 7, Ohio 
REpiEsentatiVEs' New Yorh—Chicago—Cl evcI and—Indianapolis—MilwauhsE 
Buffalo—Laming—DEtroit—Cincinnati 




Refrigeration Classified 


Mayslffl ProLiucts, Inc., 740 N. I'liinUinion Avc., Mil- 
waviki^e 3, Wis. 

MDlral.li Supply ife lTii.ak.Dt Ck., Inc., Tioga & Mcnipliia 
Sts., Pliilii. 34, Pa. 

M^tal Specialty Co., Kstc .\vc. & HitO R.R., Cin'ti., O. 

Miiinrallac Elec. Co., 25 N. Peoria St., Chicago 7, III. 

Motors Metal Mfg. Co., ri!)3(i Milford Avc., Detroit 10, 
Mich. 

Mullins Mfg. Corp., S. Ellawortli St., Salem, 0. 

Natiniui! Cock Co.. 7lli SI. it 1 Ktli Avn*.. Unckfonl, III. 

Northern Engraving &; Mfg. Co., 4tli it Vine Sts., Ca 
Ci oBHc, W'is. 

Paine Co., 2051 Carroll Avc., Chicago 12, 111. 

Powt‘11 Pressed Steel Co., Hubbard. 0. 

(biolil.v llardwari' it Moi'liine I)iv., .5847 Nmlli Itavi iis- 
wo'irl, ( Oiirago 2 li, III. 

Revere Cupper & Brass, Inc., 230 Park Ave., N.Y'.fC 
17 if). /.'//) 

Meynolils Mi tals Co., 2000 S. !Hli SI,, l.ouisvillr 1, Ky 

Robinsoii Aviation, Ini;., 'I’eterborn N.J. 

.S,-nvill Mfg Cl)., (il Mill St., WalDrlmry 20, Cl. 

Shakeproof, Jnc., 2501 N. Keeler Ave.. Chicago 30, III. 

E. Sprouse Co.. Ine., f ■obiiiibiis. Iml. 

Stanley Wks., 105 T.ake St., New Tlritaiii, fT. 

Superior Spinning it Stiiniping Co., 4057 Fiteli lid., To¬ 
ledo 12 , [). 

Swift Mfg. Co., Iiif., 1455 K. Nini- Mile ltd.. Hazel Park, 
Midi. 

K. II. Til.riiDiier it Co., 711 Clinlon Si., Miiighiiinton. N.^’. 

'i'oiedo Stamping & Mfg. thi.. 90 I’earing Rlvil., Tnli-ilo 
7, D. 

Transue it WilliaiiiB Steel Forging ( 'nrp., Alliaiou;, (). 

E. R. Wagner Mfg. 1001 N. 32iui St., Milwaukee, 
'Vis. 

Wall Wire Products Co., 11333 fJcnpral Dr., Plytnoulh, 
Mich. 

Wheeling Steel Corp.. Whci'liiig, W. \'a. 

V hitfihftad Stamping C-'o., Kilil W. KafayeUD lUvd., I)i‘- 
truit Hi. Mii'.h. 

WnrcRstfir Pressed Steel (^o., HKl Harher .Ave., Wnreester 
l>, Mass. 

Wrought Washer Mfg. (lo., 2253 S. Hay St., Milwaukee 7, 
Wis. 


STANDARDS. SHFLF (See SUPPORTS) 


SI'API.ES 

I’fifllerier Chirp., 8(i0 Fleleher SI., C'hii-ago 14, III. 

Ileller (.'o., 2135 Supi'Hor Ave., N.IO., (hevelaiid 4, O. 

'1 riineHsee I'nal, Iruii k Ibiilroad Co,. C. S. Stei-l Corp. 

Suhnidiary, Hrowii-Marx Mldg,, Hiriniogham, .Ala. 

Iv II. Ih 1 l■lll■ner it Co., 7li Cl in 1 on Si., lb iigliani I on. . 


STARl’ERS, MO I’OR 

Allcii-Hradley Co., Milwaukee I, Wis. 

Allia-ChalmerB Mfg. C'o., Milwaukee 1, Wis. 

Arrow-Hart it Hegi-nuiri i'^h-e. Co.. 103 Hawthorn St,. 
Hartford 0, f.U. (Manual) 

Clark f^nritroller Che, 1140 1 C. 152iid St., CMevelaiid 10, H. 
fhitler-Hamiiier, Ine., 315 N. 12 th St., Milwauki-c I, Wis. 
Flertrir, C’ontrollcr it Mfg, I’o., 2700 IC. 7!iLh St., Cleve¬ 
land 4, 0. 

Electric Macliinery Mfg. Co., 13.38 J’yler St., N.E., Min¬ 
neapolis 13, Minn. 

I'ili-h. Allen A I n., Ii3l4 .\.\N , llighw.iy, I'liir agn 31, III. 
CTencral Elec. Co., 1 River Rd., SeJicncetady 5, N.Y. 
Penn Elec. Switch (hi., (hislien, Ind. f/i. f>-'0 

llUHsell it Si nil l -n.. Iiir., 125 M.in lay Si .. .C- 

Sarcu (^o., Inc., 350 5th Ave., N.Y.C. 1 (p. Kin 

Spencer Thermostat Div., Metals it thnitmls f orp., 34 
Forest St,, Attleboro, Mass. 

Siiuare I) Co., Inc.. liOllO Ilivarrl St.. Detroit I I, Mirli. 
rruinbull Elec. Mfg. Co., 000 Woinlford Ave., Plainville, 
Ct. ■ 

Westinghouse Elec. Corp., Heaver, Pa, 

Wentinghnuse Klee, (hirp., Plane it Drange SIh., Newark 
1. N..r. 


STEAM COILS (Sec AIR CONDITIDNINC; COILS) 


STEAM JET VACUUM COOLINC SYSTEMS (See 
also EJECTORS) 

Croll HeynolclB Engrg f'n.. Iiii'., 17 .Inhn SI.. N.^ .f... 


STAMPINGS 
STEAM TURBINES 179 


I Foster Whenlcr Corp., 105 Hrnadwav, N.Y.C. 

I Cny Engrg. Co., 2730 E. 11th St,, lajs .Angeles 23, Cal. 
i liigersoll Hand Co.. 11 Mroailway, N.Y.C. I 
j Ross Heater A Mfg. Co.. Div. of .American Radiator A 
Staiidanl Sanitary Ci»r|)., HufTaln 13, N.A'. 

Schutte it Knertiiig Cn.. Cornwi'lls Hi-igliKs, Hiick.s Cmin- 
ly. Pa. 

WnrlhliifliDn Pump & Muchlnery (hirp., IliirrlNiiii, 

N-J. {p. mi 

Y'^nrk (]nrp., Y'ltrk, Pa. >p. , 72 ) 


STEAM SEPARATORS 

.American Distrii t SI e/iii, Cn.. Hryunt St., N. 'J’linawainla 
' N.Y. 

I I'liniii.x I'niilrolH Div.. I'Lii-k, .'<iv;;llH A Hr\'niin, Ine., 
I Hiix 1520. Tuba , , Mula. 

I (hiehnine fh»ri)., I7Lli SL, l)eli)w .Alli'glienv Ave., Phila. 
! ;I 2 . Pa. 

. Cvane ( 111 ., N35 Michigan Ave., Chicago 5, HI. 

(p 

.lohnsnn e nrp., 805 Wooil SI . I liree HiverM, Mieli. 
Tichigh Fan A Hlnwer (In., 128 I,indi‘n SL, .Allenlown, Pa. 
W. 11, NiehnlMiiii A t.h)., 20 ;) Dregoii SI., Wilken Harre. Pii. 
Strong, ■ a iisle A IJninninnd Co., 1302 W. 3rd Sl .. Cleve¬ 
land 13, (.). 

Wilson I'h grg. Corp., 122 .S. Miehigaii .Ave.. I'hieago 3, 

I 111 

Wright-.Austin Co,, 3 15 W, Wonrlltriflge St., DiOroit 2 i», 
Mich. 


STEAM TRAPS 

; .Aiiii;rican DiBtrict Steam Co., Hrvant St., N. 'Tonawaiida, 

i N.Y. 

Arnialrung Machine Wk.s., H3I Maple Sl., "Three 
HlverK, Mich. (/». liHij 

V. D. Andi'rHon Ct).. 1035 W. Ollll) SI., t'levidaiiil 2, 11. 

\ Harnes A Jdiidb, Inc., 128 HrookHide Avi\, .himjiii'a Plain 
30, MiiBs, 

HiNhnp A Hahenek Mfg. f'n., 10111 Hamiltnii Avi>., NM']., 
Cleveland 11, O. 

W'. I). ('aHliin I ')).. 1)0 A St., S. HaHto)) 27, Mjihh, 

f‘liiiiax ('ii))ln)ls Ihv.. Illaek Sivalln A lli\'Biin. Jiie., Mti\ 

; 1520. Till,sa 1 , IMila. 

, f.'oehraiie fairp., 17tl) St., below Alli'ghenv Ave., Pl)ilii. 
32, Pa. 

' Crane Co., N3fi Michigan Ave., Chicago 5, 111. 

(p. KiU) 

A. Dunham Cd., 4(M) W. MailiHon Sl , (..‘liieiigo li, HI. 
1101111101) Spi'ciall.v C))., Ine.., 1001 Vorli Sl... InrlplB,, Ind. 
Mai'Hli lli'ating I'hpiip. ('o., 3501 Howard St., Slinliii', III. 

W. H. Nieliol.irni it lh),.203 Dregnn St., Willti*M-harre, Pa. 
Polar Hardware Co., 1(131 S. Miehigan Ave., Chieagi) 111, 

Ill. 

Saren Co., Inc., .35ll-5rh Ave., N.Y.lL 1 (/». If:;) 

Sterling, Ine., 3738 N. Hollnn St., Milwaukee 12, Win. 
Strong, (kirlisle A Hammond Co., 1302 W. 3rd Sl ., Clrtvi;- 
laiid 13, H. 

'Trane Cn., La CruHsc, Wl.«i. [p. / /.S’) 

II. (). 'J'rcricc Co., 1420 W. lififayette Hlvd., Di'troit 111, 
Mirh. 

Warren Webster A Co., Caiinliuj, N,J. 

WilliariiH Caugi^ Cr»., 1 ()20 i'enriHvIvaiiia Ave., l^ittNlnirgh 
12, Pa. 

WVig)iL-.A ubUii Cl),, .315 W'. Wrifnlbridgi* St., DtO.rtjiL 2(1, 
Mii-.h. 

A'arnall-W.ariiig Co., Chi-Htinil Hill, I’liil.i. IH, Pa. 


STEAM TURBINES 

AlliH-ChalmcrB Mfg. Co., Milwaukee I, Wis. 

Dean Hill Pump Cn., 40IM) IL Hlth St., liidplH. 7, Ind. 
DeLaval Steam Turbine Co., 85.3 Nottingham Way, 'Trim- 
ton 2, N..I. 

Elliott Co., Jeannette, Pn. 

(ieneriil Elen. Co., 1 River Rd., Rcheneetady 5, N.Y. 
'Terry Steam 'Turbine l.lo., Hartford 1, fR. 

WcBtinghouBe Elrje. Corp., S. Pliila. 1, I’a. 

L. J. Wing Mfg. Co.. 1.54 W. 14th St., N.Y.C, 11 

Wnrthingtnii Pump dr Machinery Curp., HarrlNun, 
N.J. ip. lU) 


S'TEEI.. (See particular mill fnrniN, I.e., BAR, 
SHEET, ecc.) 





STEEL 

IBO STRAINERS 


.STEEL, COMPRESSOR VALVE 

Athi^nin Steel Div., Naliiinal-Standurd Co., Clifton, N..T. 
Ilethleliern Steel Co., fletlilehem, Pa. 
iSKiiilvik iStfiHl, Inc., lll-Htli Av<r., N.Y.CL 11 (Swedish 
Steel) 


STEEL PLATE FAUKrCATION 

Aerni; Ktjiiiij. f'u., 2l)ri K. IJ'wdy, M UMkoKi r. 
llehririKiir Metul Wks., Inr*., iOS .lube/> St., Newark 5. 
N.J. 

Jlethleliem Steel Co., Iletlileheni, Pa. 

IliKlurH Iluilcr Wke. Co., 101)1) Hauk, Aknin 5, 0. 

Central li'r)n iflc Sleid Cu., llarriHliiirK, Pa. 

Craver Tank & Mf^. 1'u., Ine., -ISO!) 'I'od Ave., E. ChieaKO 
I. fnd. 

I'ilIhIi-iiiii Cii., l.'l PillHl.niin I'liHSiiic, N.J. 

I'lfiri l*i|ie Cf).. liOl ill. I{i‘il Hud .\ve.. Si. I.tiuih, Mn. 

Kiihlen herder Knftril. Cnrp., IfiOO W. Cummiin- 
weallh, PuIIltI nil, Cal. IP. .t'M 

Kiilil-llf»lil Mfg. Cii., (iIIJ K. IIii/.liI St., LariNiiii^ 4 , 
Mli'h. lyj. /.'7.S) 

li. 0. Knvf'ii iVc llrnl.lier, Inc., l.'iJ Dj^de/i Terpcv Cilv 

7, N.J. 

McNiuniira A: Co.. Inc., 2700 Mannkin SI., Haltinrioro .10, 
Md. 

Nooter Corp., 1420 S. 2nd St., St. TiOuiB 4, Mo. 

J'hlw. llenneliui'K &. Soiie (hi., 2(101) Uoetoii SI ., llaltimon*. 
24, .M d. 

Henry Vogt Machine Co., lOth ife Hrmeby St., lonuBville 
If), Ky. 

Wright-AuHtiii I'o., Ol.'i W. Woodhridge St., Detroit ‘2G, 
Mich. 


STEEL, STRlHri'URAL (See SHAPES, SPRUC- 
TURAL) 


STERTLIAERS, AIR (See AIR PURIFICAIION 
EOIJIPMEN'D 


JITEMR"^ 


STRAINERS 



ANGLE STRAINER 


MiiS n-iii fiiri iMl iiiiUK-l ‘it'i cfii, lir.'i.ss sIilJ), 
furgi’d hi.-iss end l;i|is willi inleviral Jillines. 
.Silver hr;i/ed jniiits. luill disUirtion prool 
oiTC.s.s ll.iii^e. .Si-rcL*n 2,1 In 105 si|. in. 

.Si7.i-.s llini 2-Vs" D.l). .solder. 

WHITE FDR CATALOG 

HENRY VALVE CO. 

Mclroic Park, Illinois, Suburb of Chicago 

APPROVED FOR USE BY THE ARMY • 
NAVY - COAST GUARD AND THE 
MARITIME COMMISSION. 


Refrigeration Classified 


I STILLS. AMMONIA 

i Dersch, CeBsweln & Neuert, Inc., 4B45 W. CraniJ 
I Ave., ChlcagD 39. 111. (n. //ij 

I II. K. Porter ife Co., Inc., 4!)th &. HarriBon Sts., Pitl,H- 
1 burgh. Pa. 


I STRAINERS, OIL 

I Alco Valve Cn., H55 Klngsland Ave., St. Louis 5, Mo. 

ip- !*■'') 

American Distrirl Steam Co.. HryiUili ,St., N., ron:i- 
w:i.iid;i, N.V. 

American Flexiljle Coupling Co., IftOK PittBburgh Ave., 
Eric, Pii. 

V. D. AiiderHoii Co., Iflll.') \V. Illilli St., ('lev l-IlimiI 2. I). 

Anthony (.lo., 47-.‘l.J-5th St., Long IbI.'iiicI (lil.y, N.V. 

.■\-P CoiilrolH (’orp.. 24 .''jI) N. :i2iirl St., .Mil\n’aukee II), \\ is 

Bell & CiiNNetr Cu., K2ni) Austin Ave., Morton Cnive, 

111. [p. 

Detlili-hi'fii Sti'i-I Cu., Mi-lhlehein, ]*:i. 

A. W. Cash Co., 540 N. 18th St.. Decatur. Ill. 

W. D. 1/aHhiri Co., liD A St., S. PoBton 27, Maaa. 

Crane Co., N36 Michigan Ave., Chicago 5, Ill. 

(p. /o.'O 

Cuno Engrg. Corp., !)2 S. Vine St., Meriden, Ct. 

Davia llegulator Co., 2511 S. Washtenaw Ave., Cliiengo 

8 . 111 . 

Dolavan Mfg. Co., .JlK)lJ-['»th Avr., Dcb Moines IJ, la. 

Dersch, (iesswelii & Neuert, Inc., 4845 W. iTrunil 
Ave., Chicago 39, III. (p. .^r/) 

Dnllinger Corp., 1 (’’Diitre I’ark, KoLihnHter M, N.Y. 

I'Jliott Co.. Jeannel h-. Pa. 

EiseJier & Porter Ci>.. Ilathnro, I’o., 

Haya Mfg. f'o., 12th it TJberty Sts., F.rie, Pa. 

Inilustrial Wire Cloth ProJuct.s Corp., Wavne, 
Mii-h. (p. ss) 

Meintire Coiiiiectnr Co., 252 Jefferson Si., Newark 

5 , N.J. (p. M/) 

Michigan W'ire f-lnth Co., 20[)8 Howard St., Detroit lO, 

Miidi. 

Mueller Steam Specialty Cq., Jnc.. 4()-2l)-22nrJ St., T.uiig 
laland fyity 1, N.Y. 

Multi-Mi'tal Win' I'lotfi ('o.. Id5l) CarriMon .Ave., Mroii\ 
5(1, N.V. 

Sarco (In., Inc., 350-.5th Ave., N.Y.C. I [/). /r/,‘) 

Selmtte A Koerling Co., 12 Cornwells Heights, Pucks 
County, I'a. 

Sterling. Ini.. N. Ilolinn Si., Milwaukee 12, Wis. 

Strung, Carlisle A Hammond Co.. 1302 W. 3rd St., ( 'levu- 
land 13. D. 

I Walworth t'o.. Ill) E. 42ticl SI .. N.A .( '. 17 

.Nil Ilefrigersiting Co., 1M:)4 W. 5f)th SL.. Chleago 31). 111. 


STRAINERS, REFRI(;ERAN F 

Alco Valve Co., 855 Klngslanil Ave., St. Louis 5, Mo. 

(p. .’Hi) 

.American Flcxihle Coupling Co., 1 81 )lS IMltsburgli .Ave.. 
Eric, Pa. 

Amlnco Rclrlgeratlon Products Co., 14544-3ril Ave., 
Detroit 3, Mich. {p. 14-'^) 

V. D. Anderson f ’o., 1!)35 W. DlUh SL, ('ll.•vr■l!lrll^ 2, I). 
•A-P Controls ('orp., 2451) N. 32iid SI., .MilwiiiiKi'f' 10, Wis 

Baker Hefrlgcratlon Corp., S. Windham, Me. 

(p. '<'T) 

A. W. Cash Cd., 540 N. iSth St., Decatur, 111. 

(’ei'-Kleer Prorliiels, Ine., 1)47 W. lith St.. ('iiieinnati 3, >•- 
(’lino Engrg. Corp., 1)2 S. Vina St., Meriden, Ct. 

Dersch, CeNsweln Si Neuert, Jnc., 4H45 W. (.ranil 
Ave., Chicago 39, Ill. (/i. p'l 

Dnllinger Corp., 1 Centre Park, Ronliestcr 3, N.Y. 
General Controls Co., HOI Allen Ave., Glendale 1, 
Cal. - (p. IJ4) 

Hays Mfg. Co., 12th & Liberty Sts., Erie, Pu. 

Henry Valve C)d., Melrose Park, Ill. (p. 

Hubbell Corp., P.O. Box 700, Hawley Rd., Munde¬ 
lein, III. (p. JS.i) 

Imperial Brass Mfg. (]o., 537 S. Racine Ave., Chicago 
7, III. ip. 107) 

Industrial Wire Cloth Products Corp., Wayne, Mich. 

(p. SS) 

Kelvlnator DIv., Nash-Kelvinator Corp., 14250 
Plymouth Rd., Detroit, Mich. (p. m) 

Kciiniorc Matdiine Prf)diir'.tB, Inc., 15 Depew Ave.. 
I.yons, N.Y. 



RefrigeraLion Classified 


STRAINERS 
STRIP IBl 


KeroteBr Mfft. CJd., 2525 Liberty Ave., PittEiburiih 22, 
Pa. (p. J 

Mi'Intlre CunneirtDr (jO., 252 Jefferson Sr., Newark 
5, N.J. (p. 

Motldrn llniHB Prixlucts 1111 N. Frunkliii Si,, f'hi- 

m»fO 10, II!. 

.I;iiii[*h r. MiiphIi f'lirp., Skiikii . Ill. 

Mirhif^uii Wirf f'lnth L'd., 2008 HuwarJ St , Drlruil Hi, 

Mil'll. 

MoriiiiiL' Prixlui'ts Div., tifii’l, Mottirs f'nrp., T):ivloii 1, 

n. 

MucllcT Brass Pd., Port Huron, Mit'h, 

Mulli-Mi'lal Wire Plntli Pd., lOTiO (iiirriMiui \vi‘ , llniiiv 

fiO, N.V. 

Penn Klee. Switch tin., Goshen, Ind. (p. tUt) 

II. A. Phillips Ai (Oi., .)25.5 W. Garrnll Ave., Glilcai^o 
24, III. (/I P{ 'i 

Nr^friKiTatinK Hpcrialtirs Po., 728 S. Sacramento Blvil., 
Phii’iiKi) 12. 111. 

Kenico, Inc., Zellenople, Pa. (p. 

(^vru.s Shank fi23 W. Jackson HIvil., Phicadfi (>, 

111. Ip. 

.''^IMirliui \ mIvi' ('ll , 7n‘Jn iSu.hmi'\ \vc , SI. Limih 17. Mu 

Vilter Mfft. Go., 2224 S. Ist St., Milwaukee 7, Wls. 

(p. .i.i) 

Wnliash Mln- Pii , J.'IOO Siiiilli WcmIith Ave., (’liie:iKii K. 
111. 

WcalinThi'iid Pn., 300 E. Kllst St., Plevelaml S, (). 

XTj Itefriiri'ratiiiK Pn., 1 K34 W, riOlli SI . Plncano .'{(i, 111 


srRMNKRS, SI'EAM, AIR, WATER, eli. 

Alci) Valve Go., 855 KlnAsland Ave., St. Louis 5, Mo. 

(p. fl!l) 

.‘Virierir'im Tliatricl Steam Pu., Bryant St., N. Trmawanda, 
N.Y. 

\nierican Elexilile PiniijlinK Po., 1 HOH PilInhurKli \vr*., 
lilrie. Pa. 

\ NiiiliTfinii Pn , l.'ktri VV. Ulilli Si , I'Irvi'lanil 2. (1. 
A^mst^on^ Machine Works, H,II Maple Si., Three 
Rivers, Mich. ip Kin) 

hi-llili'lii'iii Sli'i'l Po . hi'llilelii'iii, l';i 
A. W. r'aah Po., 510 N. IHth St., Dt'catiir, 111, 

.laincH B. Glow Ai Sooh, 201 N. 'j'alfnau Avr.. ('liiniKo 12 . 
III. 

('nchrane Porij., 17tli St., bclo'A' .Allenlit'ny .Ave., Pliila. 32, 
Pa. 

Granc Go., 83(i Michigan A\e., Chicago 5, 111. 

(p. I*>!0 

(’uno Eriurp. Ptirp., !)2 S. Vine St., MeriJen, L't. 

Davis Hejtulatur Pu., 2511 S. VVashtenaw Ave., PhieUKO 
8 , 111 . 

Deliivun Mf^. Po., 300.^-(111i .Avi‘ , Des Moines 13, l.-i 
Dullinicer Corp., 1 Pentre Park, llocliCBLcr 3, N.V. 
l']||iiil I ('o., .leiiiiiii'lt ■. P:i. 

loiter Paper Po., 2150 S. MieluKan Ave., I’liieUKn K*. Bk 

Fiflilirr (fc Poiter Pn., llatliorr), Pa. 

l''riHli‘r IniicrK I'u . 835 Lehigh \vi' , Piiiuii. X .1 

(■eneral Gnnirols Go., 801 Allen Ave., Glendale, l<al. 

(p.'' 

Hays MIr. Go., 12 th ik Ijilierty Sts., Erie, Pa. 

Henry V^alve Go., Melrose Park, III. (p. IS'i) 

11 iilTriiaii Specially Po , liii- , 1001 ^ urk SI , Iiifiiaiiafnilih, 

I nil 

Hubbell Gorp., P.O. Box 700, Hawley Rd., Munde- 
Leln, Ill. Ip. tS.1) I 

Industrial Wire Cloth Products Gorp., Wayne, Mlrh. ' 

I /I. .s K 1 I 

0. G. Keckiey Co., 400 W. MiidiBuri St., f'hicaKO li. Ill. 
LbsIId Cd., Valley Brook & Grunt Ave., Lyiiilliurst, N.J. 
Maid-O’-Mist, Inc., 3217 N. Pulaski Kd.. ('liicaKo 41. Ill 
.l;mii‘s P Marsh Porp . Skukir-, III. 

.Ins. .A. .Marl or-ello tk I’o , 22 !) N. 141 li Si. Plnhi 7. Pa 
MaMoii-Neik'iii Bi'fcuhiliir ('n , 1 1 IKI \daiiiB Si . Himlrm 
24. MiiHN. 

Monarch Mlg. Wks., Inc., Salmon A; Wr-Blmorlaiid Sis., 
Phiia. 34. Pu 

Munller 512 W. Cerro Gordo Si.. Decatur 70, III. 
Mueller iJruBB Co., Port Huron, Mich. 

Mueller Steam Specialty Go., Inc., 40-2U-22rid St., T^onk 
Island City 1, N.Y. 

Millli-Melal Wire Plolh I 'o., 1350 GurriHuii \ve . Brrnix 
50. N.Y. 

Neptune Meter Go.. 50. W. 50th St., N.V.P. 20 

W. IT. Nicholson A Pn.. 20.') Drckon St., Wilkes-Parre. I'a. 

Penn Klee. Switch Co., Goshen, Ind. fp. f!H) 


Sarcii th>., Inc., 350-5rh Ave., N.Y.i:. I (p. Itl?) 

I Srliiille A KiH*rlinkPu.,l 'uni« ellh llripliln, Biiekp ( 'iiuiil> , 
I Pa, 

I Spray EnRrp. Pu., IM f’entral Si., Siimerville 15, Mass. 

I SprayniK Systems Pu.. -1021 \V. Lake St., Phuiiitu 24, III 
I SlerhiiK. Ini'-. 3738 N. Hullun Si., Milwaukee 12, Wis. 

I Sti'rins, (’arlisle t\r llaiiinmiul Pu., 13!I2 W, 3r[| St., Pli*vi- 
hind 13, D. 

I Trane Go., La Oosse, Wls. (p. i/.sj 

Walworth I'n., liO E. -121111 Sl_, N A’.P, 17 
I Wilier I'anhiiK Purp., 71 NiiBsau St., N V.P. 7 
I Wuusler BriiMH Pu , 1415 E. BiMMiian St. Wuusiur, D. 

! rikht-Auslin Pu., 315 W. WuiidbridK< S... Detruit 2 li. 
I Mich. 

A'ariiull-VV ariiiK f’n Plu'slnnt Hill. Plul.i IS, l':i 
J. A. Ziirii MIr. Pu., Iuu . Pa. 

I .STRAINERS, WILl 

I A. 1) Pnnk, Inc.. LiiwreneeliiirR, Ind. 

P iitil '• Mfr A Su|i|ili I u , 15.3 U l''iilliiii ,S| Puliiniliiih. 


STRAP.S, TliDE (See CLAMPS) 

STRIP, ALUMINI M 

Ahiniiiiiiiii Pu. uf \miTiea, Pil IbIiui'kIi lH, Pu 
Pentral Steel A ire I'li . 3000 W. 5IbI Si , Phii'.iRu 32. 
III. 

Kairniuiii Alinniiiiiiii I'u , I'airiiiun I, W V a. 

Permanente PruJuetfi I‘u , 11121 Bruarlwav, Dakl’iml 12, 
I all. 

Revere Copper A Brass, Inc., 230 Park Ave., N.V.G. 

17 fp. I!H] 

lli'yiinlds Melals Pn., LM)!)l) S !llli SI., Limisville 1, Ivy. 


STRIP, BERYLLIUM I'.IIPPER 

Atheriia Steel Div., N.iliunal Staiiilanl Pu , Phftun, N.J 
Bi'ryllium I'or))., P.O. Bux l-lf) 2 , IlnnliiiR, Pa 
P. K. Mallury A f'u., liir., 3020 E WashiriRluii SI., 
Indpis., Inrl. 

STRIP, BRASS, BRONZE, liOPPER 

American llra.HS Gi»., Walerbury 88, Gl. fp 
llrislul BrjiHH Pnrp , llrinlul, t'l. 

Peiilral Steel A Wire Pu., 3000 W. 51 hI SI., (3iie:iRu 32. 
Ill. 

('h.'i.'ie Urann A Puppr-r Pii , 2311 (iraiiil SI., Wiiterburv 01 
t:i. 

P. G lIuHsey A Pu., 2KliO 2nil Ave . PillsbiirRh l!l, Pu 
P. U Mallury A Pu , Ine , 302!) 1'^ WaHhiiiRl riii Si.. 
Iiiilpls., Inrl. (Alluy) 

Revere Copper 8i RraN.s, Inc., 230 Park Ave., N.Y.G. 

I 17 fp /'//I 

I .Seiivill MIr. Pu.. !J!) .Mill St., Walerhiiry OJ. f't, 

I U'ewlerii Bras.'i Mills, Div. of Dim liiJiisirir-s. Inc., E Al- 
(• 111 . 111 . 

STRIP, INCONEL, MONEL, NICKEL 

Penlr.il Steel A Wire i:u . 3001) W. 51sl SI., ('IncaRu 32, 
III. 

Driver-llarriB f'u., Ilarrisuii, N..1. 

Iiiteriiatiunal Niekel Pu., fj7 Wall Si., N.Y I'. 5 

STRIP, STEEL 

Acm' Steel Chi., 2840 Archer .Ave., I'hicaRu 8 , Ill. 
Xlli'Rheny Lurlluni Sleel Purji . Oliver BUIr , PillsburRli 

American Sliud A Wire Po., llnckeleller BIJr., fJlevebiiid 
13. 0. 

.Arriiru Steel thjrp., Midilh'tuwn, O. 

Alheiiin Steel Div., Natioiinl-Standurd fh),, Ghrinn, N.J. 
Atlantic Steel Gu., P.D Bux 1714, AtUiiita 1, Ga. 
Bethlehem Steel Go., Bcthlehorn, Pa. 

Pentral Steel A Wire r.'rj.. 318)0 W. 5lHt St., ChicaRU 32, 

1 

' Ilcpublii; SUir-.l Curp., llepublic BIiIr., Gh-vr-land 1,0. 
Josepli T. Kversun A Sun. liic., lOth A Rockwell Sts., Phi- 
raRO, III. 

.Suiiilvik .SUm‘ 1 Ine., 111-81 li .Ave , .N.AMh 11 
.Slaiih-y Wurks. 105 Iwikr-Si , .New Mritain, I'l. 

I (t'(intinurd) 





STRIP 

1B2 SWITCHES 


Refrigeration Classilied 


SrRIP, SriCKL (OntiiiuiHl) 

TenncHBce Coal, Iron it Railro.'ii] Cn., U. S. Stiiul Cor|i 
Subaidiary, Flrowii-Marx RIcIk.. lAirmiiiKban>. Ala. 
Uiiil.nd Sttiti'H SliH'l Cii., .Subsidiary ri.f I'. S. .SIim‘1 Ctirp.. 

.’>12.') Will. I’anii Pliu i- Hliln.. I’il I.MburKli MU. P:i.- 
VV:il|iii»rfijril Si tad ('o.. Wiillimiford, I I. 

Wcirtnn Steel Cn., Weirtnn W. Va. 

WhetsliUK Stefl Cnrp., Wlieidiiic, V\'. \’:l. 


STRIP, STEEL, COATED, CLAD or CALVANIZED 

Acnir* Sli'i'l (Mi., 2840 .^rr-lifir Avi*., Cliirai^n 8 . III. 
Allfiplii'riv Ijudlum Sled Cnrp., Oliver Hldg., PittHbiirKli 
22. Pn. 

Aiiierinuii Siirl c*k Wire Co., lloekefeUei HIiIk . (’levLdaiul 

i;i, O, 

Armen Sleel Curjj., Middleinwii, O. 

Atliiiitii; Sl,i«d Cl)., r.O. Hnx 1714, Al.liinta 1. flu. 
Ciirni'Kie-IlliiiDiB wSteel fbirp., U. S. .'^leel Corp. Subaidi- 
ury, Ciirnenie llld(r., PitlHbiirKh .'lU, Pii. 
tMuilnil Steel ife Wire Co., MOIK) W. Slat Si.. Cbii-ago M2, 
111 . 

•loHepb 'r. l{y>‘i'Hnii it .Sun, liif.., lliLli it Kuf.kwi-ll Sis., ('bi- 

r.iiKii, 111 . 

Superior .Sti‘i.‘l Corp., I'linieKie., Pa, 

Weirloii .Steel Co., VVeirlon, W. Va. 

Wlieelinii Steel Corp., WluuiliniK. W. Va. 


.STRIP, S'l’EEL, S'l AlNLESS 

AlleKbeiiv Liiilliim Steel tMirp., Oliver Hldji., PitlHbiirgh 

22, I'u. 

Ameriiivn Sli-el & Wire Co,, ULidudeller Hldg., ('levelaiid 

Vi. 0. 

Armen Steel Cnrp., Middletown. O. 

Ciirpenler Siei:! Co., llividiiig, Pii, 

Central Steel it Wire CMi., MOOt) W. Gist St., CbieiiKo M2, 

Ill. 

Driver-IIiirria t:o., llaiTiann. N..I. 

Hepublie Steel (’nrp., llepublic Hldg., Cleveland 1 , D. 
IliKidi/iMl Metala Cnrp., lir»H Ohio St., HuITulo M, 

.loaepli '1'. Kyeraoii it Son, Iiii., Kith it Rockwell Sla., 
Cliicagi), 111. 

Saiiilvik Sli“el, liie., Ill-Slli A\( N'."^ .C. II 

Superinr Steel (’nrp., CarneKie, Pa. 

'I’eiineHaee Coal, Iron it Kailniad Co., U. S. Steel (birp. 

Subsidiary, Rruwii-Marx lUdg., Rirmiiigliarn. Ala. 

I'hill'll .StjileM Steel Co., SuliaiiU.-iry of C. .Sleid I'orp., 
Wm. Pi'iin I'liiee Plilg., Pillaburgli Ml), P:i. 

\\ [illingfonl Sl iM'l I'o.. \N nlliiigruril, CC 

SIR IP, ZINC 

llliiiiiiH Ziiir ( 'll., 21l.^i(l . ITlIi St.. Cliie.i'io M2. III. 

New .Jersey Ziiii.' Co., Hit) T'rout St., N.^'.C. 7 


.S TRIP IIKA TEHS (See HEATER ELEMENTS) 

.STRUCTURAL SHAPES (.See SHAPES, .STRUC¬ 
TURAL) 

S TRUCTURAL S’TEIX EAKRU^A'I ION 

llebriiiger Mrdal Wks., Inc., llkS .liiln-z S(.. Neuark 5, N.J. 

Petbleliem .Steel Co.. Helblebem, Pa. 

Uigga PoiliT Wkd. Co., IIJIHJ Hank, .Akron ,'j, O. 

Illiiek. Siviilla it Tlryaoii. l\;ina:is ('il\’ M, .Mo. 

tMiliforiiia Steel Prodiieta Co., Harrctl it “A” Sla., Ricb- 
nicmd. Cal. 

I.. I). Koven it Protbnr, Ine., 154 Ogilen .Ave., Jeraey Citv 
7, N.V. 

Tiebigb Fun it HIdwitCo., 12 S Linden St., .Mlenlown, Pu. 

MeNumara it (oi., Ine., 27011 Manokiii St., Haiti more MO, 

Md. 

I’aliiier-Hee Co.. 1701 I'olaiiil .Vve.. Detroit 12 , Mirli. 

1‘^dw'. lieiineburg it Sona Cn., 2l)M!l Hoaton .St., Hnltiiiinrc 

24, Md. 

STRUCTURE, PREFABRICATED 

California Steel Products Co., Harretl, it "A” .Sis., Hich- 
inoiid. Cal. 

I.inilsav .Strui-ture, Ine., .'ilKM.) M’. Deiiipsler SC, Skokii-, 
Ilf. 


i SUCTION PRESSURE REGULATING VALVES (Sec 
j also TWO TEMPERATURE VALVES) 

! AIcd Valve Cd., H55 Rinvisland Avc., St. Luula 5, Mu. 

ip. UH) 

i Aitiinco Refrigeratioii Products Cn., 14544-.4rd Ave., 

I Detroit 3, Mich. (/). / 4 .I/) 

i A-P (loiitrola ( orp., 24.')!) N. M2nd SI., Milwauki'e 10, Wih. 
! Baker Refrigeration Cnrp., S. Windham, Me. 

' (p- 

I A. W. Caali Co.. 510 N. 18th .St.. Decatur, Ill. 
j Climax CniitriilH Div., Hl:ii-k, .Sivalla it Hryaoii, Inc., 
i Hnx 1,520, Tulaa 1, Dkla. 

! Creamery Package Mfg. Co., 1243 W. WaHhlngtnn 
I Blvd., Chicago 7, Ill. (p. 

I Dcrsch, GpHHwein 8 l Neuert, Inc., 4845 W. Grand 
Ave., Chicago 39, Ill. [p. 41!] 

■ Frlgldalre Div., Gen’l, Motors Cnrp., Dayton 1, D. 

I fp. /7) 

i Tlaya Corp., Micbigan City, Iriil. 

i Hubbell Cnrp., P.O. Box 711(1, Huwlcy RJ., Muiide- 
! lein, HI. (/). 

• .biniefi P. .Marsh ('orp., Skokie. III. 

i MuHon-Neilaii RirgiiliLtor Co., 11!)0 Adams .St., Hoaton 2-1. 
Musa. 

[ Hefrigerating Specialties Co., 72K S. .Sacramento Hlvrl., 
I Chicago 12 , Ill. 

'Tcmprlle Products Corp., K. Maple Rd., Birming¬ 


ham, Mich. Ip. 

Yiirk Corp., York, Pa. [p. 

SULFUR DIOXIDE 

AiiHul Chemical Co., Marin el le, Wis. (p. // i) 

b'.. I. du Pool di' .N'ei III nils it Co., Ine., Wilniingl nii MS, 
Del. 

Cstnii IMicininils, Inc., MIDI) E. 2 lil.li St., Lob Angelea 2 M, 
Cal. 

Virginia Smelting Cn., W. Norfolk, Va. (p. M./j 


^^'eHtern iJiv., Dow ('lieiiiie:il ('o., M.50 .Sajisolin' .Sl., Siiii 
l''r:iiieineo - 1 , C:i,l, 


SUPPORTS, SHELF (See HARDWARE SPECIAI.- 
TIES) 


SUPPORTS. lUBE (See CLAMPS) 


I SURGE TANKS (See AITTIMULATORS) 
j SWING JOINTS 

; Harco Mfg. On., 1801 Winiiciriac .Avc., C.'hicagri 40, III. 
i L. .T. Hnrdo Co., Inc., 11,5 New .St., Uieneide, P.-i. 

Cliiciigu Screw Co., 2701 WiiBbiiigton Hlvd., Hclhvood, 111. 
Cook Idee. LM).. 27011 J^outlijiorl .Ave.. (’bieago 14, III. 
OrcBBer Mfg. Div., DrcBBcr IndiistrieB. Inr:., 4!)0 J''inlier 
Avc., lirarlford. Pa. 

1 Flexo Supply Co., Inc., 4L14!I Page Hlvd., St. Ijouis 13, Mo. 
' Mavami Mfg. Co., 4MM2 lloralio St.. l.)el,roil 10 , .Midi. 

' Walworth Cn., flO E. 42niJ St.. N.Y.C. 17 
; Water Cooling Corp., 71 Nassau St., N.Y.C. 7 


SWITCHES, electric: (See alsu FLOAT 
1 SWITCHES; also STARTERS, MO’IOR; also 
TIME SWITCHES) 

! Allen Bradley Co., Milwaukee 4, Wia. 

.Amerii-aii llday it Controls, Ine., lOOl Hounioy SI . 

Chicago 44. III. 

Arrow-Hart Jb lleguniaii Elcr. Co., lOM Hawthorn St. 
Hartford G, Ct. 

Automatic Control Co., 1005 University .Ave., St. Paul 1. 
Minn. 

.Automatic Switch Cm., MMl Tiakeside .Avc.. Orange. N.J. 
i .Autoniatie TfMiipcrature. Control Co., Im;., 5212 PulaBki 
Ave.. Pliila. 44. Pa. 

Brown Instrument (.:rj., Div., MinneapoliB-Honcywell 
Regulator Co., 4114 Wayne .Ave., Philu. 44, Pa. 
P.ryant Elee. Co.. Div. of WcstiiighouHe Elec. Corp., 1421 
] State St.. Bridgeport 2. Ct. 

' Clark Controller Co., 1141) E. 152Md St., Cleveland 10, O. 
I Clarnstat Mfg. Co., Iiii:., 130 Clinton St., Brooklyn 2, 
I N.Y 

Cook Elec. Co., 27(X) Southport .Ave., (..‘hii-ago 14, 111. 
j Cornish A\'ire (.‘u.. Iiie., Hullaiid. \'i. 


STUDS (See BOLTS) 


( Cf>ntiuurd) 






RefrigeraLiDn Classified 


Hiibbell Corporation 

P.O. Box 700, lla>^le> Kil. 

Mundelein, Ill. 

Dpsignprs and Manufacturers of Automatic Control J alcvs 
For All Rpfrigprnnts 




'I ^ IM 

sv-r., SI- 


I 



l>pc SA I, SA ft, Sr ') and SF 6 B.uk rriNsiiri 

Re^iilatiiit: VhIms hi nf tin l mix l iiIkiii i1 txpi 

IJSl [| to III mil INI l llllislllll LX l|ll I lllll 1 I M 

l>pe SA 7, SA 8, SF a«J SF H I oiiihiiiiiliDii 
Balk Prcf^iirp Rp^ulalDr and Stixp Vil\(» Mils 

itL,ilIi1ni I III till L mix I iliiiii il lx|i iisi i| 1 
iiiiiiilmi I mnsliiil ixipmilm inssiin nnl llu 
iilililniii III I sill ill iliiiiii piliil \ I XI limit II I I 
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will iiiiiiiiil I \ i])i)i il It s with tun III 111 imiiliiiiiii 
niliiiiiip iIiIIliciiI i(lii|ii ml liinpti ilmi llu 

II I lilt u ins III tlu ilii il III 111 111 i\ 111 SI I fin m\ 
Iwn tv i|iiii itiii piissiiits mil xxill iiiliiiii Mil ilh 
I luiH 1 limn mu In llu nlliii 1»\ llu i»iimii|. m 
L Insiii^ ill till iliiliii |iiliil \ ilxi xxliiili 1 liiill 
mill llii III 111 

MiP SAC 0 and SIC 0 valvm iii iif llu ininiuii 
s iiip hii mil 111 tisi il XX 111 11 i I mist ml iiiii 

pi I itiiii Is ill Hill in till niiilmni In nn mil i1 

I 111 SI \ ' \ i s XX ill nil 11 isi III ill 111 isi til I i| I 

I Mm Ills un In imniiiisMi Im tin m n i i m 

II 111 ISI iif I III I mil mi. I mil I I i i x ilx i n i 

III lilt In n| I 1 I It XX illi III III 1 II I 11II It \ 
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lilt r>pr “T” ^lutiiin Nlop valvi i ils I iii in 
sLill Minus xxIiLii iiilmnihi siiiimn Inu iiiMinl i 
iripiiinl It is npt I Mul In Imli pi i siiii f. is m I 
il s 1 niisli III timi III il 1 s I tu III I liisiiii. X ilx I III I 

Ms ill pi ml ilillilx til SIIII issis till iniiXMiliiil il 
III IL III h 1 s|np X ilx I 

\11 iM 111 Xilxis liixi limit III niiiiiin^ ^lun 
XX Mill ilimiiiMis till In pissis nsii iHx iisi d Ini 
in mil il npn itimi \v iilddi xx lli iillni siiixxid 

xxililiip tXjM tl s i»r iin>pii lull i I lllll i tinii 

III si/i s Jiniil i" l» S liiiliisix' 

Snlmimd Valves iiuni ’ i, ^ If “ iiuliisixt Jni 
liijiiiils mil t^isis xxilli iiiinpnsiiiiiii i M ilisis 
nulih iLiuxxd)li Lillis fill iiix lIilUuiI iliii 

iilirisliis limit III lillim siMii si lllll lid IX 111 
Mill xxilli iitliii siiixxiil xxilrlnn IIiiili'- m i np 
pi 1 tiilii i mill' L liijiis 

Straiiipra ill ix ill dill 11) ill i/is fm 1 i|uiil mil 
IS xxilh xirv lii^L siritii irr is niul iiniiKi'l 
til linll iliiiillx In X ilx I nr xxitli sirixxiM xx i Id 

MIL IliiiLi (11 iripjiPt liiliL imitici liiiiis fur iii 
s| ill Minii xxliiiivii sii iinti is niiLSsiix 
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S\I - 0 , SI I -f, 
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WiMl fur Luiiiplili iiifrjniiatiuii nil ilirsr mil iim 
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SWITCHES 
184 TANKS 


Refrifreration Classified 


.SWITf:ilKS, KLEin'RIC (CnntlnuiMl) 

Cutler-HBrniiiBr, Inc., 315 N. 12th St., Milwaukee 1 , Wia. 

Dura Kool, Inc., 1010 N. Main St.. Flllkhart, Ind. 

ril i'h, Allcji & t'lj., liH14 N.VV. Iliip'hwMy, ChicaKii •'{1, 111- 

rii'iieriil Ciinlirnl f 'n,. 1200 ,Si)lr|iiTn I'iuld Kd., Ttuatdii 34. 
MflHH. 

General Elec. Co., 1285 lioatnii Ave., Hrid^port 2 , Ct. 

GenDral Elec. Cu., 1 Flivor lid., Schenectady 5, N.Y. 

Hart Mfg. Co., 110 Darthulomew Ave., Hartford 1 , Ct. 

McDdiiiibU & Miller, Inc., 1310 Wrigley Dldg., Chicago 
11. III. 

McGill Mfg. Cu., Inr,., ValpaniiHii, InJ. 

Magnctrnl, Im^, 2110 S. Marshall lUvd., Chii‘.ago 23. Til. 

P. li. Mallory &, Co., Inc., .1020 E. Washington St., Indpla., 
Ind. 

W. L. MaxBori Corp., 400 W. 34th St., N.V.C. 1 

Mcrcoid Corp., 4201 llelniont Ave., Chicago 41, 111. 

Micro Switch Div., Firnt Industrial Corp . Freeport, Ill. 

MlnneapullB-Honeywell Reftulatnr Co., 2933-4th 
Ave., S., Minneapolis H, Minn. (p fl7) 

Nu-Switch Div., ChaBe-Shawmut Co., 38 Pequit St.. Can¬ 
ton, Mass. 

Ohniite Mfg. Co.. 4835 W. Fluornoy St.. Chicago 44. 111. 

Penn Klee. Switch Cu., CuNheii, Ind. [p. rAo) 

Pent Elec. Co., Int., 034 Michigan Truet lUdg., Grand 
llapids 2, Mich. 

Ph 111 NHwil ch, Inc., 77 IVway. 1'andiriilgc 42, Mass 

Hancu, Ini'., 601 W. 5th Ave., Columbus 1, O. 

(/). US) 

IliinHcll it Stoll Co., Inc,. 12,5 lliirclay SI.. N.V.C. 

Soreng Mfg. Corp , 11555 hlilen Ave,, Schiller Park. III. 

Spencer IdierainstHt Div., Metals & Controls Corp.. 
34 Forest St.. Attleboro, Maan. 

Trumbull Elec. Mfg. Co., !)!)0 Woodford Ava., Plainvilla, 
Ct, 

l'iiinia.\ Swill'll Div. of llir W. I,. Maxsoii Corp., dliO 
W. 341 li SL. N.V.(\ 1 

I'iiil.eil-1'arr Ffisleiier Coi'ii., 31 Ami's t'aiiibridgc 

42, Mums. 

U. S. Gauge, Div. of American Machine it Metals, Scllcrs- 
villo. Pa. 

Westirigbuuse fillec. Corp., Heaver, Pa. 

VN'cnI iiiglioiiMi' Eli'c. I'orp., 4454 Gciii'mci' .'4|., Iluflaln ,5. 

,N.V. 

SWITCHGEAR 

AIlis-Chalinars Mfg. C}(i., Milwauliue I, Wis. 

Autoniatic Switch Co,, 3H1 Eakesidi* Ave., Drfiiige, M.,I. 

Electric Machinery Mfg. Co., 1338 'Pyler St., N.E., Min- 
ncapnlis 13, Minn. 

General Elec. Co.. 1 River Rd.. Schenectady 5. N.Y. 

I-T-E Circuit Rreaker Co., lllth & namilton Sts., Phiia. 
31). Pa. 

'I'rumbull Elec. Mfg. Co., DUO Woodford j\ve.. Plaiiiville, 
Ct. 

WestinghouBo Klee, ("nrp., E. Pittsburgh, Pa. 


SWIVEL JOIM'S (See SWING JOINTS) 

SY .THETIC RUBBER (See RUBBER PRODUCTS) 


TACHOMETERS 

Mailey Meter Co., 1050 Ivanhon Rd., Cleveland 10 , 0. 

Bristol Cd., Watorbu^ 20, Ct. (llecording. Elec.) 

Hrowii Instrument Co., Div., MiniieapoliB-IlDiieywell 
Regulator Co,, 4414 Wayne Ave., Phiia. 44, Pa. 

Corbin Screw Corp., New Britain, Cl. 

Eclipse-Pioneer Div., Bendix .Aviation Corp., Teterlniro, 
N.J. 

General Elec. Co., 1 River Rd.. Schenectady 5, N.Y. 

Ideal IiuliistricH, liu-,., Sycamore. 111. 

Joiii’s Mntrnla Corp.. 432 Fairfield Ave., Slaniford, I’l, 

Manning, Maxwell iV Moore, iiic,, 11 Elias SI.. Bridge¬ 
port 2, Cl. 

xMcIron Lnslruiuent Cu., 432 Tdncnln St.. Denver 0, Col. 

Reliance Elec & Engrg. Co, 1088 Ivanhoe Rd., Cleve¬ 
land 10 , 0 . 

Vecdsr-Root, Inc., Garden & Sargeant Sts., Hartford 2 , 
Ct. (Laboratory only) 

W'estinKhouBB Elec. Corp., Plane & Orange Sts., Newark 
1. N.J. 

Weston Elec'l. Insirument Corp., 014 Frelinghuysen .Ave., 
Newark 5, N.J. 


I TANKS 

I .Ackliii Sl.airipiiig Co., 102!) NebraHka .Ave., ’rii|i*du 7, II. 

I American Diatricl Si cam Cu., Bryant Si.. N., rmi:i 
I watida, N.^'. 

Arrow Tank Co., Inc., 10 Barnett St., BulTalo 15, N.Y. 
(Wood) 

AlbiM Mineral Prodiicls Cu.. Mf'rlztuwii. Ba. 

Babcock 4: Wilcox Co., 85 Liberty St., N.Y.C. li 
Baker Refrlilerarliin Cnrp., S. Windham, Me. 

Bra lin (‘liaiiiiiaii Co., Berlin, Wis. 

Bethlehem Steel Co., Bethlehem, Pa. 

Beitinger Eniiniel Corp., Metal Fabricating Div., Wal¬ 
tham, Mush. 

I Biggs Boiler Wks. Co., 1000 Bank, Akron 5, 1). 

Black. SIvuIIh & Brysiiii. Kaiis.LS City 3, Mu. 

Bossert Co., P.O. Drawer 358, Utica 1, N.V. 

Central Iron &: Steel Co., llarriBburg, Pa. 

Cleveland CopperMniithing Wks., 5500 Stone .Ave., Clevi'- 
j land 2, O. 

j Creamery Package Mfg. Cu., 1243 W. Washington 
! Hlvd., Chieagu 7, 111. (/i. 4'^) 

i Doyle & Ruth Mfg. Co., Foot 23rd St., Brnoklyn 32, 

I ^ N.Y. [p.Si) 

I Ehi-u ('abinel Cu., W chI Clic.MLcr, l*ii. 

■ Evans Mfg. Curp., 4 IpO S. IOlIi Ave., Mt. Vernon, N.V. 

I Fulstroin Co.. 13 k'nlstrom I’ourt, Passaic, N.J. 

Filler Paper C.i.. 24.51) S. Michigan Ave., Cliiriign 111, 111. 
Filtrlne Mfg. Co., 53 Lexington Ave., Brooklyn .5, 
N.Y. [p. :in) 

Frick Co., Waynesboro, Pa. (/i. i/ i 

Gay Engrg. Co., 2730 E. 11th St., lios Angeles 23, f 'al. 
Graver Tank ik Mfg. Co., Inc., -ISOII Tud Ave., E, Chicagii 
1, Ind. 

i Knhlenberger Engrg. Cnrp., Ifillll W. Commnn- 
j wealth, Fullerton, Cal. in. .iin 

i Joseph Kuppcrmiiii ik Sliiih, 312 Ni.'w St., Pliila. li, Pa. 

! L. 0. Koven & Brother, Inc., 1.54 Ogilcii .Ave,, .Icrsev f'ii v 
7, N.J. 

Lehigh Fail it Blower Cu.. 12H Lindi'ii Si.. \llriiln\Mi, 
Pa. 

McNamara ik Co., Inn., 2701) M.-inrikin St., Baltimore 31), 
Mi. 

Maysleel PrinliiitM, Inc., 741) N. Plankintoii .Ave., Mil¬ 
waukee 3, Wis. 

Natiiin:il Hefrigcral urs Cu.. K27 Korin Avi'., Si. I.mii,'* I i, 
Mu. 

Nootcr Curi»., 142li S. 2nd St., St. Louis 1, Mu. 

Nuki'iii PruduclH Cur|).. Ill Culgalr .\\e., BiilT.ilu 211, 
N V. 

n’Bricn Indlislrir's, H4 Bisliup St . .lerHey City 1, .\..l. 

Patterson-Kelley Co., Inc., F.. Slrouilsburg, Pa. 

{p. uA) 

Pittaburgh-Dcs Moines CoiiBtruction Co., Neville iahind, 
Pittsburgh 25, Pa. 

Pillsburgh I’ipc Coil ik Bending Cu., Iil Bridge Si. 

Eliia P.l)., I’ittHbiiirli. 23, Pa. 

Unco Products Div., licfrigeratiiin Engrg. f!urp., 20211 
Nauilaiii St., J^liiia. 4li, Pa. 

! Edw. \AC Renneburg iSc Sons t.K)., 2li.'l!) Busluii .Ave., Balti- 
i mure 24, Md. 

I Reynolds Mfg. Cu., liie., Springliild, Mu. 

Emil Steiiihorst & Sons, liic., (}12 South Sl... l.Uicii 3, N.A'. 
Stokes Molded Products, Inc., I'nylnr at Webster St., 
Trenton 4, N.J. (Hard Rubber) 

N'iclor ITiiducts Cnrp., llagerstiiwii. Mil. 

Vlller Mfg. Co., 2224 S. Ist St., Milwaukee 7, Wis. 

ii>. a.i) 

WbitlncU Mfg. f’u., 81 South St., llarlfuril If), f.'l. 
Wildinuii Boiler 4. Tank Co., 3021) Carroll .Ave,. Cliicagti 
12 , 111 . 

York Corp., York, Pa. (p. /ii*) 


TANKS, HOT WATER 

.Aiiiericaii District Slcani ( ii., Bryant St.. N., Triiia- 
wanda, N.V. 

: Bettinger Flnamcl Corp., Metal Fabricating Div., AVal- 
I tham. Mass. 

I Biggs Boiler Wks. Co., BUM) Bank, Akron 5, □. 

Davis Engrg. Corp.. 11)54 E. Grand St., Elizabetli 4, N.J. 
! Ii. D. Koven & Brother. Ini'... 154 Ogden Ave., Jersey City, 
I 7. N.J. 

! R. Munroe & Sons Mfg. Curp., 23rd & Smallman Sts., 
Pittsburgh 22, Pa. 

Nootcr Corp., 142G S. 2nd St., St. Louis 4, Mo. 

Patterson-Kelley Co., Inc., E. Scroudsburg, Pa. 

(p. 5 A') 


I AGS See NAME PLATES) 
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Rhecm Mlg. Co., 570 Lexim^ton Avp.., N.Y.C. 22 
Sl.over Steel Tank & Mfg. Co.. 100 S. IlancDck St., Free¬ 
port, III. 

VVhilloek Mfg. t’n., K1 Simlli SI., llarlfijrd 10. Cl., 
Whitlock Mfg. (]□., Drawer 3!10, Hartford 1 , f/t. 

TANKS, MILK IIOLIIINC 

hl.-ifk. Siviills it Drysoii, Tviuibiih l^ty .‘i. Mu. 
Chcrry-Burroll Corp., 427 W. Rantlnlph St., riiiniRn 6 , 

Crcanipry Fankafie Mfft. f^n., 1243 W. WaNhlnfttoii 
Blvd., (^hliraUD 7, 111. (p. 

tfiiy KriKrg. Co.. 273 ) E. l]th St., Liia AnKeies 2 . 1 , Cal. 
liuBtav OliiHer Co., Inc., 2 Wait St., Patprson 4 , N..I. 

'rill- llei] C'n., MilwiHikpi; 1 , V\'is. 

MiiyBtccl Procliiets, Inc., 740 N. Plankinton Avc.. Mil¬ 
waukee 3, Win. 

Nnoter Corp., 1420 S. 2 nrl St., St. Louin 4 , Mo. 

Emil Steiiiliurat & Sdiib, Inc., C12 South St., Utica 3, N.V. 

TANKS. PRESSURE (See PRESSURE VESSELS) 

TANK HEADS 

.Aekcrrnann Mfg. Co., Wheeling, W. V'a. 

Rcthlehein Steel Co., nethlehom, Pa. 

CL-ntrul Iron it Steel (’n., llarriaburg. Pa. 

Ojinnicrcial Shearing ik Stamping Co., 1775 Logan St.. 
YoiiiigHtowii, ( 1 . 

l)i-lrnil Siainping ('ii.,41H Micllaiirl ,\vi-., Detniil Mii-li. 
Frick Co., Waynpahiirii, Pa. f/i. />/i 

L. 0. Kovuii it BruLher, Inc., 154 Ogden Avc., .IcrHcy City, 
7, N.. 1 . 

LukeiiB Stnel Co., Coatcsvillc, Pa. 

Mayflteel Products, Inc., 740 N. Plankintnn Ave., Mil- 
waukt’c 3, VVia. 

A. B. Murray Co., Inc., Q.'lO fireeii l^iarie, Elizabeth, N.J. 
Nootcr L.a)rp., 1420 S. 2nd St., St. Louis 4 . Mo. 

TAPE, FRICTION (See FRICTION FAPE) 


I APE. PLASTIC 

Miniieai)La Mining A Mfg. Cii., |.)IJ() Fnu(|uii-i St., Si. 
f’liiil li, Minn. 


TAPE, RUBBER 

Anr-liiir Pui-kiiig fii., 4111 N. Itniiid Si.. Pliilaih-liilii.'i H, 

I'll. 

Boston Woven Ifose <t Rulilie.r ('o., P.li. Box 1071, Boh- 
ton 3, Mass. 

H. N. Cook Belting Co., 401 Howard St.. San Francisi-n .5, 
Cal. 

Firestone Industrial Products Cn.. 1200 Fircstoiie Pkwy.. 
Akron 17, O. 

Ij. II. CilniiT t’n., I)iv. of V. S. lluhlicr f 'n., 72.10 Ki-y- 
stiiiiii ,St., 'I'iit’ony, Pliila. .35, Pa. 

B. F. Coodrich Cn,, BOO S. Main St., Akron, O. 

New York Belting it Packing Cn., 1 Market Si., Passaie, 
N.J. 

U. S. Rubber Co., 1230 Aye. of the Americas, N.V.fL 20 

Van fJleef Bros., Inc., 7800 S. Woodlawn Ave., Chieagri 
10, Ill. 


FEES, (See Fin iNGS, PIPE) 


TERMINALS & TERMINAL BLOCKS 

Arrow-Hart & liegeman Elec. Co., lO.i lliiwiliDrii Sf 
Hartford fi, Cl. 

Buchanan Elec. Prod. Corp., 225 Rt. 29, Jlillsidi-. N' .f. 

Burke Elec. Co., Erie, Pa. 

f-'oriiioh Wire Cn., Inc., Rutland, Vt. 

(iRiieral Control Co.. 1200 Soldiers Field lid., Boston 34, 
Mass. 

ClciiBral Elec. Co,, 1 River Rd., ScIiEnectady 5, N.Y. 
Marathon Elec. Mfg. Corn., Wausau, Wis. 

Shakepmof, Inc., 2501 N, iCeclnr Ave.. Chicago 39, Ill. 
Soreng Mfg. Corp., 9555 Eden Ave., Sehiller Park, Ill. 
Amns 'I'hompson Corp.. Pidinburgh, Ind. 
Thompson-Bremer A Co., 10-40 W. Hubbard St., Chicago 
22 , Ill. 

United Mfg. A Service Co., 405 S. Gth, Milwaukee., Wis. 
^^’cstillghouBe Elcc. Corp.. 4454 Ceiicsce Si., Buffalo 5, 
N.V, 


I TERMINALS, HERMETIC 

I Fusite Corp., liOL’S T'emvit-M -Xvi-,, t'iiii-iiiiiati 13, l>. 


TEST CABINETS (See HEFRICERATOHS, LOW 
TEMPERATURE) 


I THERMOMETERS, ALARM 

Bailey Meter Co., 1050 Ivanhoc Rd., f Jt-vpi.aoii 10 (). 

Brislni (3»., Wulcrhiiry 20, I'l. 

Brown Instrument Cn., Div., Miniu.-apolis-lloncywcll 
Regulalor (’o., 4411 W'ayiip .4 vb , Phila. 44 , Pa. 

Carroll Class Iiistruinenl 15742 Lebanon Ave., Pliila. 
3l, Pa. 

Electric .\uto-liitc Cr- InstruniL-ui A (.iiiuge Div., 'rnledn 

1 . 0 . 

j Enterprise Products Co.. IM). Box 577, FrLM'porl, 111 . 

I*ih!-hi-r \ Porter f'o., Ilalln.iro, Pa. 

I JI B InMlruiiii-iil Co . 2li-Hi 'rn-nlhu Avi-., Philadi-ljiliia 

I Kelvinatnr Olv., Nash-Kelvlnatiir Curp., 14250 

j Plyminilh Rd., Oelrult, Mich. 

I Maniiii , , Miixwi-H A Morin-, Im-., II Elias ,S(.. Briilgi- 
porl 2, Ct. 

I Mlnneapolls-lloiieyivcll Reflulator f^o., 2033-4tli 
Ave., S., Minneapolis H, Minn. (p. ft/) 

Nurnberg Thermometer Co., Inc., 124 IJvingstnn St.. 
Brooklyn 2 , N.Y. 

I)hio'riierinmni-li-r ('ii..33 B'almil SC. Springfir-ld 09, D. 

I’ri-ciHiioii Thermoineter A Insiruini-iit Cm., 1442 Brnnd.v- 
wiiu- St., 1‘liila. .30, Pa. 

Charles Q. Sherman foirp., 149 Broadway, N,Y.f\ ti 

Slarnlanl 'riii-riiiiiiin-l i-i. Inr-,, !)52 I )ori lii-sl i*r .\vi-., Bos- 
hill 25, Mush. 

'I'agliabue InHiriiiiii-nl Cnr|i., \Ni-h1oii I'ilerlrii-al liiHlrii' 
ini-iil Corf)., 014 h'ri-linglMi.isi-n Ave,, .Newnrlt 5, N..i, 

'J'ayll)^ liiHtruiricnl, Cos., 95 .Aiiu-s St., lloi-.liitHter 1, N.^’. 

U. S. fiuiige, Div. of American Macliiiie A Metals, Sellers' 

ville. Pa. 

Wekslcr'I'licrmometur Cbirp., 52 W, Iloustrin St., N.Y.C, 
12 


THERMOMETERS, CON I HOl,LINC: fSi>e HECIi 
I.A'I'ORS, TEMI^ERATUREj 


THERMflMEl'ERS, INOlCATINf. 

AC Spark Plug Div., fleiiM, Mritrirs Corp., I'Mint 2, Mir-h, 

Aiiilersoii A Sons, Ini-,, N. I'iliii St., Wi-sl,lii-ld, Mans. 

Bacharanh IndiiHtrial liistrimienl Co.. 7IKI0 liennctt St., 
Pittsburgh 8 , I’a. 

Bailey Meter Co., 1050 Ivanhoe Bil., Clevidiiinl 10, O. 

Bristol Cl)., Wiilcrbury 20 , Ct. 

Brown Iiistruirieiit Co., Div., Miiiiieapolis-H oney wcl I 
Regulator Co.. 4414 Waym- Ave., i'hila. 4-4, Pu. 

('arndl (ihiss liiNlriiiiiiiil I'd., 0742 Lr-banon .\vi-,. Pliila, 
.31. Pa. 

Colloid I'bjuip. fbj., Inc., .51) Cliurcfi ,SI,., N.'S'.C. 7 

Defender Instruinent A Regulator Cn., 815 Clark Avi:., 
St. Louis 2 , Mo. 

Eleetric .Aiito-Iiite Co., [iistruini.oit A, (iaiigi- Div., Tolerli) 
1 , 1 ). 

Fee A Stcrnwedirl, Inc., 2210 W.-ibarisia Avi-., I'hicago 47, 
Ill. 

I’oxlioro Crj., 38 .Neponw-l ,\ve., l-'rixbnru, .Mass. 

Fullnn Svljilioii Division. IlnbiTtshaw l-’ullnii CiiiiImiIn 
< )o., Knoxville 4, 'rr-iiii. 

Chiude S. (iiirdijii Cn., 3000 ,S, VV:i,llai-i- Si., f'liii-jign |ii, 

I III. 

I il-B Jnntriinieiit f 'u., 2040 Tn-iilnii .Avf-., Pliili,rli-lplii;i 
2 , Pa. 

; Hays Corp., Miehigan City, Ind. 

I Instrument A fiauge Div., Eleetric Aul.n-Lilw foj., 

j f'hainplain 8 t., Tolcflo 1. I). 

Johnson Serviee Co., 607 E. Michigan St., Milw'aukee 22, 
WiH. 

! Manning, Maxwell A Miiore, liu;., 11 Elias St., RrjiJgi-. 

I port 2, Ct. 

James P. Marsh Cdij., Skokie, Ill. 

Marshalltown Mfg. Go., Marshalltown, la. 

i MlnncBpollB-Honeywell Redulator Co., 29t'L‘-4ih 
Ave., 5., MInneapollB B, Minn. ip. f!7) 


( Continued) 






THERMOMETERS 
1B6 THERMOSTATS 


THERMOMCTER8, INDICATINC; (Cnntlnuiiil) 

Miiclltir Iiiatruinerit Cn., Trie., 132nil St. & 8 Dth Ave.. 
liiclimnnij ITill 18, N.Y. 

NurnlitjrK Thnrrnf:iiiinLcr Cn., Iiii:., 12-1 EivinKntoii St., 
llrarjklyn 2, N.Y. 

lMii(j 'i^htTiiinmi'liT f' d.. HIT VValiml, ,St., iSprinjrfirld DU, (). 
T^alraer ThermijinetGrH, Inr;., Norwood Avi;., Ciri'ti 
12. O. 

1‘iirMow Corp., 2 Curnpioii UrJ., New Tliirtford, N.Y, 
PmcisitMi I'hiirriiunieti'i (Sr Tiislnimcril. IVj., 1442 Hniiidy- 
wiiii; St., PhiLi. .'in. l"ii. 

11 ncheetiT Mf^. I'o., Ini-., 1()(J lioekwuoil SI.., HoLdiesler 
ill, N.Y. 

SarcD Inc., 35()-5th Ave., N.Y.Cl. I (p. 7^*7) 

Standard Tlierinoiin'ter, Inr,.. ‘I.YJ 1 lorrhiistrr Avr., Bris¬ 
tol i 2 .'i, Maps. 

TaKlialnii' IriHlniinciil Div.. Wcsliiii, I'lli'clriral liiBlru- 
nii'iil I'(li p.. (il4 Krr liiiuliiiysc'ii .Ave . Newark Ti. N..I. 
'I'nylor liistruiiiioit (Ins., il.’i .\iiii.‘b St., Ilnnhestpr 1, N.Y. 

II. (). Trnrino (In., 142(1 W. I..!ifayetlB Blvd., Detroit 1 (>. 

Mirh. 

IJ. S. fraujjf!, T^iv. nf .Anierirain Maoliine tie Metals. Sudlers- 

ville, l^a. 

Wcltsli:r 'J'herniDineter dorp., ,')2 VV. Hoiistuii St., N.Y.(3 
12 

Weslon Kler'I. Instruiiiiait Corp., (514 ErLdingliuyacn 
Ave., Newiirlv .5, N.,1. 


TIIERMQMEIERS, linilSEHOLn REFRICERA- 
TOR 

( 'arndl Tflass rnstriimi'ii t (^k>., (5742 Tit'baiion -Avt\. Phil.a. 
m, Pa. 

(lidliMd Eiiuip. Co., Inr., r»() Cliiirrh St,. N.A'.C. 7 

( 111 liiinmiT, Inr,, .'(l.'i N. 12(h Si., Milwiiiikee I, Wis. 
tit Stiniiwedid, Iiu;., 221(1 VValniiisia Avi*., Clhirajto 47, 
III. 

Il-B Instrunir'iil Co., 215415 Trciilnn Aviv, Pliiladrlpliia 
2 .^. IVi,. 

MiLiiniiii', Ma.vwell Aliioff, Im-., II I.lins SI., BridKi*- 
port 2 , ( 'I. 

Nurnherg 'I’liiinnrimeier Cn., Inc., 121 laviiiKRton St., 
ilrouklyn 2, N.Y. 

Oliiii 'riiLTinomiiter Cu., Tl Walnut St., Sprinufiidd, (I. 

Palnii'r 'riiiTiinnni’l ith. Ini-., 2.'il)l Norwood .Avr*.. Cin- 
einiiati 12, II. 

Taylor Instriiiiiiait Cos.. Hri Anitas St., HoiIm'hIit 1, N.Y. 

B. S. ClauiEC. Div, iif Aincrir.an Marhiiit' tt MrUals, Sidlers- 
villc. Pa, 

Woksler Therm nineter Corp,, ri2 W. Houston St., N.V.C. 
12 


rilERMOMErERS, HECORDINC; 

Bardiararli IniluHtrlal liisLruiiinnt Co., TUOn lleiiiiett St., 
PittsburKh 8. Pa. 

Biiiley MctiT (yo., 1 (I'll) Ivaiilioe ltd., Cltividand 10, 0. 

Bristol Co., Walerhury 20 , Ct. 

Brown liistrumi'iit Co., Div.. Mijiiit;apoliB-IIrin[\ywcll 
IleKulator Co.. 4414 Wayne .Ave., Phila. 44, Pa. 

Colloid Kouip. Co., liu .. fiO ('livirrli St., N.V.C. 7 

Defender IiiNtriifiii>nt ik UeKulator (’i.i., 815 Clark Ave., 
St. Couis 2 , Mn. 

IdiM-.trir .Aiil.n-liiti* Cn., Iiistriiineiit tk UauKe T)iv., 'ridedo 

1 , 0 . 

Charles Cuiielhard, Inc., 850 I’lissaie .Ave., E. Newark. 
N..T. 

Er-p Instrument Co., 1M5 S. WasliiiiKloii .Ave., BerRtmfield, 
N..I. 

I'iselier ik PorliT Cip., Il:illioro, Pii. 

I’oxhoro Co., .'IS Ni-ponset .Ave., Poxhoru, Mnss. 

Friez Inalrunient Div., Bendix Aviatiim Corp., Taylor 
Ave. at Ijireli Haven Blvd., 'I'owHon, Haltimore 4, 
Mrl. 

I'laurl S. finrdim Cm, 11000 S. Wallace St., ChicaKo 10, III. 

Korh Bulrhers’ Supply Cm, (500 E. 14th Ave., N. Kansas 
(’iLy 115. Mo. 

Peecls tk Northriip (’o., 4SI70 Steiitoii A vs., Phila. 44, Pa, 

MaiiniiiK, Maxwi‘11 tt ,'VIiinre, hie., II JOlias Si.. BridKe- 
port 2, I 'l. 

Marsh Instriimeni Co., .'1501 Howard St., Skokie. HI. 

Masoii-Ni'ilan lleKulalnr Cm. IIDO AilaiiisSl., Boston 24, 
Mass. 

MiiiiieupollN-lluneywell Rcflulator Cu., 2IP33-4th 
Ave., S., MliineupollH B, Minn. (p. nT) 

Moore ProduclH (^o., 11- ik Iiyeomin^ Sis.. Phila. 24, Pa. 

Niirnbnrn Tberinometer Co., Inr., 124 lavinKstoii St., 
llrooklvFi 2 , N.A^. 


Refrigeration Classified 


tihin 'rheniiometer fW.)., .'{.'I Walnut Si., SpriiiKfieltl DO, (). 
Palmer Thermometers, Inr., 2501 Norwood Ave., Gin’ti. 
12, O. 

Partlow Corp., 2 Campion lid., New Hartford, N.Y. 
Standard Thermorneter, Iiie., H52 Dureliester Ave., llns- 
toii 25, Mass, 

Tagliabiie Instrument Div., Weston l'"ileelrieal TnsLru- 
ineni (a^rp., (514 Frelinghuysen Ave., Newark 5, N..I. 
Taylor Instrument (^oa.. 95 Ames St., Iliichcster 1, N.A'. 
Tilwung-Albert Insiruinent Cm, Ppiin St. ik Pulaski Ave., 
Phila. 44, I’a. 

H. O. Trerice Co., 1420 W. EafayeLle Blvd., Detroit 1(5. 
Mieh. 

Wekaler Thermometer Corp., 52 W. Houston St., N.V.C 
12 


THERMOREGIJLATORS 

•Anierii-an 1 nstruiiieii I Co., 8010 (leorgia .Ave., Silver 
Spring, Mil. 

Brown Instrument Co., Div., MinncapDliB-Honeywcll 
Uegulator Cm, 4414 Wayne Ave., Phila. 44, Pa. 

Carroll CIubb Instrument Co., 0742 Tiobanon Ave.. Phila. 
31, Ptt. 

Clifford Mfg. Co., Div. of Sid. 'rhonison Co., Grove SC, 
Waltham, Mass. 

ll-B Coiitrrds Co.. 2(5411 Trim I on .A\'i:.. Pliilaileliihia 25, 

Numberg Thermometer Co., Inc., 124 Livingston Si., 
Brooklyn 2. N.Y. 

PreriBiou 'riiermorneter ik. Iiistrumeiit Co., 1442 Brari(l.y- 
wine St.. Phila. 30, Pa. 

Refrigerating Specialtioa I'n., 728 S. Saerameiitn Blvd., 
Chicago 12 , 111. 

Siirco Co., liic., 350-5lh Ave., N.Y.C. I (p. IfHj 

Taylor Instrument Cos., 95 Ames St., llindieBler 1 , N.Y. 

THERMOSTA’nC BI-MEI'ALS 

Baker ik Co., Ini:., 113 Astor St., Newark 5. N..I. 

Brown Instrument Co.. Div., Minneapolis-Honey well 
Regulator ( ’o.. 4414 Wayne Ave., Pliila. 44, Pa. 

WC M. Chare Co., 1(591 Beard Ave., Delroit !), Mieh, 

(ieneral Plate Div., Metals ik Controls Corp., .Attleboro. 
I Mass. 

i TIIERMOSTAI’IC EXPANSION VALVES (See KX- 
j PANSION VALVES) 


thermostats (See also CONTROLS, etc.) 

AllRu-Hradlcy Co., Milwaukee. 4, W'is. 

Barbcr-Culman Co., Rockford, 111. 

Bridgcporl Idiermoslat Div. of HiduTlHliaw-Fulioii 1 oii- 
(nd.H ('ll., 1225 ('riimi'i'l ii'iit .Ave., Bridgeport I, (!t. 

Brown IiiBtruiiiimt ('o., Div., MiniieiipoliB-lJ nney w cU 
llegulatiir Co., 4114 Wayne Ave., Pliila. 44, Pa. 

Carroll Glass Instruiiiioii Cm, 15742 Lebanon Ave., 
Phila. ;n, I’a. 

ClifTord Mfg. ( u., Div. of Sid. TIiniiiHon Cm, (..Irove Sc, 
\Valth;iiii, Mass. 

Detroit huhrieator Co., .5999 Trumbull Ave., Detroit 8 , 
Mieh. 

Fricz Instrument Div., Bendix Aviation C'orp., I'aylor 
Ave. at Loch Raven Blvd., Towboii, Baltimore I. 
Md. 

Frlgldalre Div., Gen’L Motors Corp., Dayton I, O. 

(p. 7 7) 

Fulton Sylphon Div., UobiTlahaw-Full on CniitrnlH Cm, 

I ICno.xville 4,'I'enn. 

; Cencral Cuntruln Co., BDl Allen Ave.., Glendale 1, 
Cal. (p. i!4) 

General Eloc. Co., 1 River Rd., Snheneeliidy 5. N.Y. 

Hart Mfg, Co., 110 Barthnlomew' Ave., Hartford 1, Vi. 

Johnsnii Service Co., 5D7 IC. Michigan St., Milwuiukee 2, 

Wis. 

Mercoid Corp., 4201 IlGlmont Ave., Chinagi) 41, Til. 

MinneapollB-llnneywell Refiulator Co., 2933-4rh 
Ave., S., Minneapolis 8, Minn. (p. 5'7) 

Penn Elec. Switch Co., Goshen, Ind. (p. fUf) 

! Precision Therm nine ter & luBtrumeni Cm, 1442 Brandy¬ 
wine St., Phila. 30, Pa. 

, Ranco, Inc., 601 W. 5th Ave., Columbus 1, O. 

I (p. 

Sampsel Time Control, Inc., GOO N. Strong Ave., Spring 
Valley. III. 

Sarco Co^ Inc., 35D-5th Ave., N.Y.Ii. 1 (p. 7(77) 

Spencer ThermoBtat Div., Metala & Controls Corp., 
.34 FnrpBt St., Attlrborn, Miibb. 



RefTigeiatioii Classified 


I'aylor Inatruinoiil Uoa., 95 Amea lSI., HochL'sler 1. N.V. 
H. A. Thruah & Co., 21 E. Itlv-urflido Dr., Peru. Ind. 
United Elec. ControlH Co., 71 A St,, S. TloHton 27, Mnes. 
VVehix Blei:. Hejiler l^)., IlDO-let St., Sun FninpiHno 5. Ciil. 
WeBtinKhouHR Elui:. Corp., Mefidvilli*, Pii. 

VVhite-IlodKBrB Elec. Co., 1209 Cobb .Vvt., St. Enuin 11. 
Mo. 


I’lIERMOSTATS, llUUSEIinLD refri(;i:ha'i or 

CuMer-IIftminBr, Inn., .115 N. 12th St., Milwaukee 1, Win. 
Ranci), Ini-., 601 W. 5th Avc., Colunnbu.s 1, O. 

(?•■ 6'.S’) 

THREADED SPECIALTIES (See SCREW MAllHINE 
PARTS) 


IIME SWITCHES (See also CONTROLS. PRO¬ 
CRAM, etc.) 

Aijiil Shnwers Co., Ini'., 11li SI., S.W., W :iBliiiiel im 
11, D.C. 

Arrow-Hurt »t. liegeman EU-i-. Cii., I Hit Mawl.liurn St., 
Hartford 0, Ct. 

.Aiilniniitie Control Co., 1005 iJiiiverHity Avn., St. Paul 4 , 
Minn. 

Aiitomalii: Elen. Mfg. Co., lU State St.. Mankalo. Minn, 

Autoiuatin 'rL'inperatiiri; C'untrol Co., liir., .5212 PiiliiHki 
Ave.. Phila. 44, Pa. 

Marbi*r-( ojlinan Co., Itoi'Kfiiril, III. 

Mristol Co., Waterbury 211, Ct. 

Hrowii IiiHtriiinenl Co., Div., .Minneaiiolis I loneywell 
IleRulator Co., 411-1 Wuyni! .Ave., Pliila. 14, l*a. 

Colloid Eiiuii). foi., Ini'., 5U Cliuii.li St., N.V.C. 7 

I'oo!\ Mlor. ( 'o., 270(1 Soulli|iorl .\vt'., I'liicago 14, III. 

11. \V. (Vanii'r I'o,, P.O. Jto.\ 2.5, ('in I i‘rbiiiiik. Cl. 

Ceneral CotUruls Cm, BOl Allen Ave., Clendale I, 
Cul. (/». 

Cencral lillen. Co., 1 River ltd., Selienri'tady .5, N.V. 

llaydon Mfg. foi., 245 E. I'.lin SI., 'rorriiiKl im. Cl. 

Iiiloniiilional Mi'glsli r t 'o., 2li20 . W.-i.sliiogl un P.lvil., 

I 'liifagii 12, 111. 

f’. R. Mallory tk Co., Tne., .'1020 E. \N aBhington St., 
Indpla., Ind. 

Miller llarri,'^ Iiislr. (oi., Sill llli St.. Milwauki-i'.‘'i. \N is. 

MliineapuliN-IIoneywell Regulator Cu., i43.3-4tli 
Ave., S., Mliineapulls H, Minn. (p. r/;) 

ParaBoii Elei;. Co., iri0l)-12tli St., 'Fwo Rivere, Wia. 

I’lioloBwiteh, Inrr., 77 Uroadway, CarnbridBo -12. Mass. 

lleliaiii't'Autoniatii; liighting Co., 1927 Mead St., Rar.ini', 
Win. 

Reynolde J'dei'.. C’d., 2G5U W. CoiigroBB, Cliii-aieo 12, 111. 

M. H. RliodeB, liit;., 20 Marlioluinew. Hartford, Ct. 

SainiiBel Time lojutrol, Inc., (100 N. Strong Ave., Spring 
Valley, Ill. 

SaiiBiiiiii) CIn-. Cn , .SpiinmCu.lil, 111. 

J'agliabui' liustniiiienl Div.. VN'e.^lnii JOli'i'triral In.strii- 
ment (,'orp., 1114 KrelingliiiyMrii .\vr-,. Newark 5, N..I. 

I'aylor IiiBtrumeiit. Cob., 9.5 Aiin-a St., llocheHter 1 , N.V. 

Tork Clock Co., Inc., 1 Lirove pSt., Mt. V'emon, N.Y. 

VVesix Elec. Heater Co., IDO-Ist St., iSaii PraiiniBco ,5, ('al. 

Wi'HliiiKliniisi' J'diT. Ciirii,, 44.54 IJeiicHei- .'■ll., Itii.Tiilo .5, 
N.5 . 

AN bile-Rodgers I'^lee. f 'li., 1209 Cass .Ave., St. Louis (1, 
Mu. 


I'IN 

Relriioiit Smelting A, Refining Wkfl., Inc., 1.40 Helmoiii 
Ave., Hrnoklyii 7, N.Y. 

DiviHioii la'ad Cii., Hid Kinzie .Si., I bii-ago 22, III. 

J‘5'derateil Metjils Div., .AiniTii-aii Sinelling A liefining 
Co., 120 H'wiiy, N.V.('. .5 
National Lead Co., Ill Rroiidway, N.A'^.C. fi 
NiirtbwKsL T.eari Co., 2700-(ltb ,Avf., SAV., Senttlo 4, 
WaBb. 


riN PLATE 

Helinont Smelting A Refining Wks., Lie.. .110 Heliiiiiiit 
Ave., Brooklyn 7, N.Y. 

Hebblehein Steel Co., Betblcbcm. I’a. 

Republic Steel Corp., Republic Rldg., Cleveland 1 , D. 
United States Steel Co., SubBirliary of U. .S. Sled ( oirp., 
.52,5 Win Penn Place BblK.. PiUsburgb .10, F*a. 
Weirton Steel Co., Weirtijn, W. Va. 

^yhedirlg Steel Corp., Wheeling, W. Va. 

A'DungBtown Sheet A Tube Co., Youngetown, 0. 


THERMOSTATS 
TRIM 1B7 


tracers (See LEAK INDICATORS) 

TRACK, SLIDINI: DOUR 

American Hard Rubber Co.. II Mercer St,. N.5M '. 12 
Kriapc A V'ogt Mfg. Co., (iriiiid Hapide 4, Midi. 

Kocli Rutdicrs' Supply Co., 1*00 E. 14tli Ave., .\. I\aii.'*at 
City Id, Ml). 

W ii'kwire Spencer .Steel Div., ( iilDrailn I'lid and Irun 
Corp.. 500-5Lli Ave , N,V.t\ IS 

i TRANSFORMERS 

I vXinie I'ller. Cul p., CiiDii. N 5'. 

I .AIliB-C'halinerB Mfg. Cu , MilwiiuKei' 1 , AN is. 

I Aiiierii-an TraiiBfunnci Co , 172 Eniinet St., Newark .5 
I N..F. 

[ Rarbcr-Cdman f'o., Ri»i kforJ, III. 

Itel.tcr t atilB, liic., Cniiillaiid, Ind. 

Di'.iii W. Davift iV Cl).. 14IS N. INIilwaiikn- Aw., i.'Iiii iii.-n 
41.111. 

Eialer Engrg. Co.. In ., 740 S, Ilth St., Newark .1, N.,). 
I'iflterline-.AngUH ('n., Inr., P.f). Ibix .59d, InilniH. Il, Inil. 
FurbcB A Myers, 17,1 Union St., WareeBler, MaHH. 

France Mfg ('o., 10125 Berea Rd,, Cleveland 2, I). 
Cencrai L.Ii;e. Co., 1 llivcr Rd., Si'lu'iiertady 5, N.,J, 
.IdTeraon Elec. Co., 25 Ave. A MadiBon .Si., Bdiwood, HI 
Rex W.iil-r A Engrg. In, 1.1111 E. lOlh ,Sil\;inM!is l ily 
(1. Mo. 

. N\ agniT I'uler, ('nip., 11400 I'Uoniiulb Av i' , ,S| . Lniiis 11 
i Mo. 


I HAPS, REFRICEIIA I’OR DRAIN 

IviiBon Hardware Cnrp., 127 Wallabnut St., Brnnklv'ii H 

N.Y. 


I'RAPS, S I'EAM (See S I’EAM I RAPS) 


I TRAPS, WAIER, FOR AIR IJNES 

Arm.stronil Muclilnc Wks., H1I Mu|ilt' .Si., I'hrrc 
Rivera, Mirh. Ip. Idd) 

(^'liniax ('oiilrnliH Div .Blnek .Siv-nlls A Bi'\’siiii, hie , Ih.x 
1529. riilHii 1, Okla. 

De X'ilbiH.s I 'll., 101) Pliillijjs .Avi-., ’rnleiln I . I ). 

Mnri Pipe (‘n., HOI E. Red Hull Ave., >S|. Louis. Mo. 

1 W. IL Nddirdaiin A (’o.. 299 Dregnn St., VVilki's-Marn;, Ua. 

I Sari'o Co., Inc., .N5l)-.5th Avc., N.V.C. I (;*. HJ/) 

\ Strong, (oirlinli! A llaimimiid Co., 1192 W. .'Iril SI., ('leve- 
laiid II, D. 


j TRAYS, DKFROSlINt; 

tioni'i'al liiduHl rii'.s (n,, I (live A 'ra.S'loi' .Sis., Elyria, O 
I Mack Molding Vo., R.vi'rBnn Ave., Wayne, N.J. 

! Premium PliiHtii'H, Inc 1127 .Salem .Ave., iJaylori d, I). 

|{|•ynolllH M it a l.H ('ll,, 2[)l)0 .S. Ill h Si . , l,ouis\'ille 1, Ky 
i .Siieatb (IhiHB Cn., Hariroril City, Inil. 

I Aiiio.h riinnip.siiii Ciir[i.. I'iilininiigli. Inil. 


TRAYS, DISPLAY CASE 

lintlingcr Enamel ( 'nrp., Melal 1'alirie.al.nn/ Div., Wah 
tbarn, M.'ibb. 

CuHl.:Lr ClbiHer (aj., Inc., 2 Wail. .S|,., PntiTHnn 4, N.,I. 
liigrain-RidiardBon Cn., .■{2nd St., Beaver I'allh, I’a. 
Md'ray Bi'lngcrator Cn., Kendallvilli-., Inil. 

I’reinium PlaHtieH. Int;., (127 Salem Avr-., Daytnn H, f). 
Amns riinnipBiiii I'i)r|)., Edinbiirgdi. Inrl. 

TRAYS, ICE CUBE (See IflE CUBE TRAYS) 


TRAYS, WIRE (Sec SHELVES; hIbii WIRE FORM- 
INfi) 


TRIM, BREAKER (Sec BREAKER STRIPS) 


' IRIM, CABINE’I (See uIhu NAME PLATES) 

j .Anitirican Emblem Co., lire., P.(.). Box llfi-H, TJlieii I, 

N.V. 

; Braaco Mfg. Co., Harvey, HI. 

CmniiiriB, Inc., 1701 N. liavcriBwood, Chicago 1.1, III. 
i DahiBtrnm Metallic Door Co., 415 Buffalo St.. James¬ 
town, N.Y 

j f Continued) 




Refrigeration ClasBified 


TItIM 

IBB TUBES & TUBING 


TRIM, CABINET (Continued) 

Dearborn Glasa Co., 2414 W. 2let St., CliicaKO 8, Ill. 
Diitroii StimipinE t'n . 418 Midland Avl‘., Did,mil :i, 
Mich. 

L. F. CrammeB & Sona, Inc., 305 Union St., Allentown, 

Pa. 

Grand RapidH llraBH Co., 00 Scribner Avc., N.W., Grand 
KapiaB 1, Mich. 

Greene MIe. Co., Inc., 1028 DoukIuh Avf*., Hacim*. Wis. 
Kent PlaBticH, 1528 N. Fulton Ave., Kvanaville, Ind. 
John Lbeh Div., Serrich Corn., Muncic, Ind. 

National Lock Co.. Uockrord, 111. 

RiKulized Metala Corp., 658 Ohio St., Buffalo 3, N.Y. 
Sandee MTe. Co., 5050 W. Foater Avc.. ChicaEu 30, 111. 
iScDvill MFe. Cd., 00 Mill St., Waterbury .01, Ct. 

Stanley Wka., 105 Lake St., Now Britain, Ct. 

.Ainoa ThonipBDii Corn., EdinhurE, Ind. 

U. 8. Gypaum Co , 300 W. Adama St., ChicaEO 0. III. 

R. D. Werner Co., Inc., 2.05-6Lh Ave., N.Y.C. 16 


TROLLEYS, OVERHEAD CONVEYOR (See CON¬ 
VEYORS) 


TRUCK & TRAILER BODIES, REFRIGERATED 

Dean Prciducta, Inc., 1042 Dean St., Braiiklyn 16, 

N.Y. (/j. l/iif) 

Diven Corn., 22000 Hoover Rd,, Detroit ,5, Mich. 
Franklin Body A Eiiuipincnl C'lirp., 1042 Dcjiii St., 
Bruoklyii 10, N.^■. 

Frui'h.'iuf 'I'railcr I’n., 101125 Harper .\vc., Didmii. Mirh. 
Robhina A Burhe. Inc., 20 Lanadowno, (^arnhridEe, Maan 
Stokea Cn., I'llat & MurEnii Sta., Blue lalaiul, III. 


TRUCK & TRAILER REFRIGERATION SYSTEMS 

Advance MTe- Co., Inc., 2700 Buclianaii St., Detroit 8, 
Mich, 

.American MIe. Co., Tnc., P.O. Bo.\, 080, MontEinnery 2, 
Ala. 

Carrier Corp., 302 S. Gedtlca St., Syraruae 1, N.Y. 

ip. ^'.i) 

Cold Control, Inc., Ill Broailway, N.V.C. 0 
Dean Producta, Inc., 1042 Dean Sr., Briioklvn 16, 
N.Y. r„. //-.i') 

Doll! linfriErTiitiiiE Co., 5010 N. Pulaski Rd.. (’liicaEO 30. 

HI- 

Franklin Body A lOnuipini'iil ('orp.. 1042 Divui .S(., 
Broriklyii Hi, N.V, 

Frlrk Cn., Wayne.'«linrii. Pa. l/i. .7/) 

FrlHidalre Div., Gen'l. Mninrs Corp., Daytuii I, O. 

(/'■ I") 

InduatnahMrE. A liiigrE. Co., 3845 .N_ Ilavo'iiBwood .Avc., 
ChicaEO 13, Ill. 

liitcniatiiiiiiLl Iliirvcatcr (Yj., 180 No. Mii'iiiEaii .Avc., 
I'liicuEo 1. Ill 

l\iMM> Inc., 2510 Gilbcrl Avc., ('iiii-iniiali 11, <). 

Knld-IInld Mfil. (ai., 60.1 K. Hazel St., Lanaiiift 4, 
Mich. (p. /,78) 

P^npaiiB Development Corp., 41 Murray St., N.V.t'. 7 
Stokea Co., l.'Hat A MorEan Sta., Blue laland. III. 

'I'rane Co., La Croasir, Wls. I71. 11St 

U. S. Thermo Control Co., 44 S. I2tli St., Miniieupolia 4, 
Minn. 


I'RUGK CASiERS 

Boaaick Co., 437 Howard .Ave.. BridECjinrI. 2, I’l. 

Colaoii Corj).. Cedar St.. I'lyria, O. 

Danicll t'orp., f.trl,, P.l). Box 4027, Sta. B., T.ijiie Beach 
4, Cal. 

Fairbanka Co., 303 Lafayette, N.V.C. 3 
Menaalia Wood Split Pulley t."o., 1174 Tav'coSt., Menasha, 
Wia. 

NuttinE Truck A Caater Co., liic., 1125 W. Diviainn St., 
Fairbault, Minn. 


IRUGR PLATES 

Dean Producia, Inc., 1042 Demi .St., Hrnuklyn 16, 
N-Y. (p. iojj) 

Dole llefrigcratinE Co.. 5010 N. Pulaaki Rd., ChicBEO 30. 
III. 

Kiild-Hnli Mfij. Co., 603 E. Hazel .St., I^analng 4, 
Mich. (p. loti) 


TRUCKS, MATERIAL HANDLING 

Buda Co., 151 Ii A Commercial Ave., Harvey, Ill. 

Colaon Corp., Cedar St., Elyria, 0. 

FairbaiikB Co., 303 T.<afayetta, N.Y.C. 3 
Fulalrom Co., 13 Falatrnin Court, PaBauic, N.J. 

Lift 3’riickB, Inc., 2425 Spring Grove Ave., I'iiiciiiutili 

14. r>. 

Menaaha Wood Split Pulley Co., 674 3’ayco St., M enaslia, 
Wia. ^ 

Nutting Truck A Caater Cu., Inc., 1125 W. Diviainn St., 
Faribault, Minn. 

Edw. Renneburg A Sons Co., 21130 Boston Si., BalLirnort; 
24, Md. 


TUBE BENDING (See also PIPE COILS, BENDS & 
BENDING) 

Acme Equip- Co.. 205 E. B'way, MiinkoEi'c, Okhi. 
American Brass Go., Waterbury 88, Ct. {p. IS!)) 
.American Di.HtricI Steam [!^o., Bry/inl St., N., 'rnn/i- 
w'andti, N.V. 

Belz Corp., 445 State St.. Hammond, Tnd. 

Capitol MIe a Supply Co., 153 W. Fulton St., nolurnbus, 

0 . 

Chaac Brass A. C'f>ppiT Co.. 23(1 Grand SI., Watnrluirv 20, 
Ct. 

Dole llefriEerjiling f'o., 5010 N. I’ukiski ltd., CliicaEii 31), 
III. 

Duyle & Rnth Mfpl. Co., Font 23rd Si., Bronklvii 32, 

N. Y. 

Flori Pipi' I‘o., 1101 1C. lliol Bud .Ave., St. Louis. Mo. 
Griiinell Co., Ine., 2(10 W. Excliange St., Providence 1, 
R.I. 

Knhleiiberiler Knilr^. Cmrp., 161)11 W. (^nnimon- 
wealrh, Fullerinn, (lal. f o 

C. F'. Moorea Co., Inc., Ivy Hill lid., Wyndmnnr, Phila 
18, Pa. 

MuelliT Brass (’o.. 1025 Lapeer .Ave., Pori llumo, Mieli, 
Njitioinil |{efriEer:i I ors I'o,, 827 ICnelii .Ave,, ,Sl . Lmiis 11. 
Mo. 

Parker Appliance Co., 17325 Euclid Ave., C^evelanil 12, 

O . 

V. 1C. Sprtuisc I 'o., Ini ., 18l)L22nd Si., Ct)liiiiilniH, liiil. 
York (]nrp., Y’ork, Pa. (;i, .7 ') 

TUBE ICE MACHINERY (See IliE MAKING MA¬ 
CHINES) 


lUBES & TUBING, ALLOY 

American Brass Cn., Waterbury 88, Cl. (/». ISH) 

Babcock A Wilcox Co., 85 I.iberty St. N.Y C. 6 
Chnac Brass A Copper Co , 23G Grand St., Waterbury 01, 
Ct. 

t'olumbia Steel A Shafting Co., P.O. Box 1557, l^ittaburgli 
30, Pa. 

Globe Steel Tubes Co., 3830 W. Burnham, Milwaukee 4, 
Wis. 

Mueller Brass Co., 1025 Lapeer Ave., Pori Huron, Mieli. 
.A. B. Murray Co., Inc., 630 Green Lane, Elizahelh, N..I. 
National Copper A SmoltinE (’ 0 ., 1862 E. 123rd Si.. 
Cleveland 6. 0. 

Nutiniiiil Tube Co., U. S. Steel Corp., Subsidiary, P.l) 
Box 266, PittaburEh, Pa. 

Ohio Seamless Tulic Co., 132 W. Main St., Shelby, 0. 
Pacific Tube Co.. 5710 Smilliway St., Los Aimeles 22. (Oil, 
Republic Steel Cnrp,, Steel A l ubes Div., 224 E. 131 hI 
S*., Cleveland, I) 

Revere Capper & Brass, Inc., 230 Park Ave., N.Y.C. 

17 ip. mij 

Joseph T. Ryerson A Son, Inc., IGth A Hock well Sts., Chi 
BBgO, Ill. 

Superior Tube Co., 2100 Germantown Ave., Norristown, 
Pa. 

United Wire A Supply Corp., 1407 Elmwowl Avc., Provi¬ 
dence 7, R.I. 

1 WalliiiEford Steel Co., WalliiiEfurd, Ct. 

TUBES & TUBING, ALUMINUM 

Aluminum Co. of America, Pittaburgli 10, Pa. 

I American Brass Go., Waterbury 88, Ct. (p. is;)'. 

I Central Steel A Wire Co., 3000 W. Slat St., Chicago 32, 

; 111 . 

I Colonial Alloys Co., Ridge Ave. A Crawford St., Phila. 20, 
■ Pa. 

; Everhot Products Co., 2001 Carroll Ave., Chicago 12, 111. 

j (Continiird) 



Refrigeration Classified 

AnacondA products for the 

REFRIGERATION INDUSTRY 



ANACONDA COPPER 
REFRIGERATION TUBES qu.l.t,cs th.i 

assure b dependable ready and easy to use refriger 
ation tube 


RESTRICTOR TUBE 


they are dehydrated to eliminate troublesome 
moisture 

they come to you in single coil cartons with un 
usually clean and bright inside surfaces 

they are sealed to protect the inside of the tube 
from the point of manufacture to the point of installa 
tion 


FORMED TUBE PARTS 

HARD COPPER TUBE 
CUT TO LENGTH 

COPPER WATER TUBE IN COILS 
AND STRAIGHT LENGTHS— 
TYPES K AND L 


they are uniformly soft easy to bend and may be 
readily flared without cracking 

Anaconda Refrigeration Tubes are 99 9^0 pure coppc 
made to A 5 T M Specification B6B They are available 
in all standard sizes up to and including O D in 
50 foot coils Longer lengths on special order 

PRECISION-MADE TUBES m Copper Brass 

Bronze and Copper Nickel Alloys m sizes from 0 15' 
O D to I" O D with wall thickness down to 004' 
round square or irregularly shaped 


TUBE FITTINGS 

VIBRATION ELIMINATORS 

CHARGING HOSE 

FLEXIBLE REFRIGERATION 
TUBING CONDUIT 

DIE PRESSED FORGINGS 


COPPER BRASS BRONZE IN SHEETS WIRE, RODS, TUBES AND SPECIAL SHAPES 

THE AMERICAN BRASS COMPANY, General Offices Walarbury 20, Connechcul 
In Canada New Taranto Ontario 



190 TUBES & TUBING 


TUBKS & TUBINt;, ALUMINUM (Uuniinued) 

l.iiirlFintii' 'rubii Go.. ISIX) E. 21!)th Ht., Glf;vrUiuirl 17. D. 
Revere Gfipper & BrasH, Inc., 230 Park Ave., N.Y.U. 

17 [p, un) 

IliwnnldB Metals Go., H. (Itli 8t., T.,iiuiHville 1, Ky. 
I'liil.ful Wire. A: iSuniily rurp., l'diii\viM>rl Avi-., 

Proi'iileiii'i; 7. H.l. 


J'UBKS & 1 UBINU, BRASS & BKONZi: 

American BraHs Go., Waterhury 8H, Gt. (p. txa) 
tvEfiitral Steel ilc Wire Co., 3000 W. filst St., CMiieiiKo 32. 
Ill. 

GliaHt! hrasB A Copper Co., 23G Grand St., Waterlniry 01. 
Ct. 

C. Ci. IliiHHi'V A Go.. 2S(iO 2iuJ Ave., Pil.1 slnirsli 10, Pii . 
Ijovviii Metals Div., Lewin-Muthes Go., 1111 (vhouteaii, 
St. LoiiiEi, IVTo. 

Tiindenne Tube Co., 1500 E. 21'Jth St., Cleveland 17, O. 
.Ma eKen/.ii'-Walton Go.. 480 PawtaekeL .\ve., PawLuckel. 
IM. 

NaLitjiial (!)Lippi‘.r A Smelting Co., 1BG2 E. 123rd St., Cleve¬ 
land G, (). 

Penn IlniBH A Copper Powell Ave., Erie, Pa. 

Revere Copper & BraHN, Inc., 230 Park Ave., N.Y.G. 

17 (p. an) 

Seovill Mfg. Co., on Mill Ht., Waterbary 1)1, Ct. 
Slienango-Peim Molil (oi., Dover, (>. 

United Wire A Supply C^rp., 14!)7 Elmwood Ave., Provi- 
diMiee 7, It.l. 

Willv'erilie 'I'libi* Div., I '.'ilunii'l A IIeela Conn. ( \i|ipi‘r ( oi., 
1850 Guardian UIdg., Di-lroit 2(1, Midi. 


TUBES & TUBING, CAPILLARY 

American Braan Co., Waterbary HH, Ct. (p. / S'.o) 

Bundy 'ruhlnii Co., E. Jeffersnii St Parker Ave., De¬ 
troit 4, Mich. {p. ms) 

MaeKen/ii‘-Wal(.()n 4K0 Pawl.iieket .Ave., Pawtucket, 
III. 

A. P*. Murray Co., Inc., 030 Cn;en I-ano, Elizabeth, N.J. 

National t'ripper A Smelting Co., 1 K(i2 E. 123rd St., 
Cleveland 0, D. 

Penn Urasa A Gnpfier ('ii., Pnw'ell .Ave., Eric, Pa. 

Revere Copper & BraBS, Inc., 230 Park Ave., N.Y-(]. 
17 (p. mi) 

Superior'i’ube Co., 2 I 00 (.forinaritown .Avi?., Norristown, 
Pa. 

United Wire A Supply Corp., 14[I7 Elinwnoil Ave,, Provi- 
denee 7, 11.1. 

Wabash Mfg. t'o.. 2042 S. Midiigan .Ave.. Cbicago HI, 111. 

Wolveriiio 3'ubii Div., Caluniet A Tleda f’rms. Copper 
Co., 18,50 Ciiiardiiiii Uldg., Del roil 2li. Mii-li. 


rUBES A TUBING. GAPILLARY (ASSEMBLIES) 

Allin Mfc. Cii., 11,53 W. Grand .Ave., Cbicago, III. 
Central Stiu*! A Wire Co., 3000 W. ,51sl St., Chicago 32, 
111 . 

Keiiiinire Maeliinr I'nirbiel ,m. Ine., 1,5 Di-pew Ave.. 
UyiiiiH, N.A’. 

N oil liwesl .A 111 I nil a I ie I'rodud .s I 'nrp., I jinn rule A l.iiiden, 
IMinne.'ipnliH, Minn. 

Wabasli Mfg. Co., 231K) Siuitli Weslcrn Ave., Chicago 8, 

111 . 


l UBES & TUBING, COPPER 

.American Brass Co., Waterbary SB, Ct. (p. IS.'/) 

Hailey Meter Co., 1050 Ivanlioe fid., Cleveland 10. D. 
Central Stiud A Wire C’o., .'1000 W. Slst St.., l.Tiicago 32, 
111 . 

Cliase Ilrass A CoppiT t'li., 231! (rraiiil St., W.aterbury Ml, 
Ct. 

Evcrbnt Products Co.. 2lK)l Carroll .\vc.. Chicago 12. 111. 
C, ti. Hussey A Co., 28G0 2iid ,Ave., PiliBbnrgh 10, Pa. 
Kensici) 'Tube Go., Mt. Kiaco N.V. 

TjCwin Metals Div., Ijewin-MatheH Co., 1111 Chouteau, 
St. LouiB, Mo. 

Lindermc Tube Go., 1500 E. 21l)lh St., Cleveland 17, O. 
MacKen/ic-Walton luj., 480 Pawtucket .Ave., Pawtucket, 
11 . 1 . 

Mueller Brass Co., Port Huron, Mich. 

National Copper A Smelting Co., 18G2 I']. 123rd St., 
Cleveland G, 0. 

Penn Brass A tbipper Co., Powell .Ave., Erie, Pa. 

Revere Copper & Brass, Inc., 230 Park Ave., N.Y.G. 
17 (p. mi) 
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Seovill Mfg. Ihi., 0!) Mill St., Waterbury 1)1, Ct. 

United Wire A Supply Corp., 1497 Elmwood Ave., Provi¬ 
dence 7, R.I. 

Viking Copper Tube Go., 10700 St, Glair Ave., Clevclaml 

10, O. 

Wayne BrasH Go., Inc., 230 W. Main St., Port Wiiym 
Id ’ 

Wolverine Tube Div., Calumet A llec.Ia Cons. Copper 
Co., 1850 Guardian Bldg., Ddrnil, 2li, Midi. 


TUBES & TUBING. FIBRE (See FIBRE, SIIEEI, 
ROD & TUBE) 

TUBES & TUBING, INGONEL, MONEL, NIGKI.I. 

Babcock A Wilcox Co., 85 liibcrty St.. N Y.C. G 
Bundy TublnH Co., £. Jefferann & I’urker Ave., De¬ 
troit 4, Mich. (]}. u/s) 

f^hase Brass A Copper Co., 23G Grand St., Waterbury 91 
Ct. 

Driver-Ilarris Co., Harrison. N.,1. 

Everhot Products (hi., 2001 Carroll Ave., Cliieago 12, III. 
Globe Steel Tubes Co., 3839 W. Burnliam, Milw'aukee -1, 
Wis. 

Hayiips Stellite (.hj., Unit of TTnion Carbide A r^arbon 
Corn., Kokomo, Ind. 

International Nickel (’□., 117 Wall St., N.Y.C. 5 
MacKcnzie-Walton Co., 480 Pawiui-kel. Ave., Paw'tuekel, 
ll.l. 

National Tube Co., U. S. Steel Corp., Subsidiary, P.l). 
Box 2GO, Pittsburgh, Pa. 

Pacitic 'Tube (hi.. 5710 Smithway St., IjOh .Angclns 22, L>,il. 
Superior 'Tube Co., 2101) Gitim;i n I own Ave., N iirrisl own, 

Pa. 

United Wire A Supph' Cni’i)., 1497 Ihmwnoil Ave,, Prnvi- 
deiii e 7, 11.1. 


TUBES & TUBING, IILIBHEK 

111 erica II Hard IBibbio Go,. 1 I Mercer Si., X.^M '. 1:1 
ContiiiRiital llubber Wks., 2000 T-ibcrty St., Erie, Pa. 
DeN'ilbiss Gii., .‘{()l) IMiillifiH Ave., Tiilr'do 1,1). 

Tdexiblo 'Tubing Gtirp., New Whitfield St.. Guilforil, Gl. 
Oarlock Packing C^o., 402 E. Main St., Palmyra, N.Y. 
General Tire & Rubber Go., Garfield St., Wabash, 
Ind. [p. 171) 

B. F. Goodrich (h)., 500 S. Main St., Akron, D. 
Goodyear 'Tire A Hublier (Jo., 1144 E. Market St., Akron 
10 . 0 . 

I GohIii'ii Bobber Gii.. Ine., Box .517, GiiHheii, Ind. 
i llcw’itt-llobins, liie., 240 Ivensingl on Ave., BufTalo .5, 
! N.V. 

I New York Belting A I’ackiiig Go., 1 Marki'l Si., PaHs.-ii" 

N..). 

j (iiinker llubber Corp., 'Tacony A Miliior Sts.. Phila. 21, 
Pa. 

Bu.vbc8tiis-Miinhatt.ari. Inn., Gl W'illett St.. Passaic, N.J. 
Be.HisI iillex ('nrp., 39 Plaiisocii Si,, Belleville 9, N.,1. 
StokuB Molded ProduetB, Inc., Taylor at Webster St.. 

'lYcnton 4, N.J. (Hard llubber) 

U. S. Rubber Co., 1230 .Ave. of the Americaa, N.Y.th 20 


TUBES & TUBING, SPONGE RUBBER 

General 'Tire & Rubber Co., GarHelil .St., Wabash, 
Tiid. (,i. 171 \ 

B F. OorMlrich Co., 5(K) S. Main St., Akron, O. 
ITewitt-BobiiiH, Inc., 240 KiMi.'iington Ave., BiilTali) .5, 
N.V. 

Jarrnw Products, 420 N. I^a Salle St., Chicago 10, 111. 

(p. ,S’,7) 

S|iiMi|ce llubber Pnidiii Ls I 'li., 1 (iOO Derby Plaee, SliiBrni, 
Ct. 

U. S. Rubber Co., 1230 Ave. of tlie Anicrii uB, N.Y.C. 20 


TUBES & TUBING, S'l'EEL 

Babcock A W'ilcox Cn., 85 liibcrty St., N.A'.fJ. G 
Bethlehem Steel Co., Bethlehem, Pa. 

Bundy I'ublng Go., E. Jefferson &: Parker Ave., De¬ 
troit 4, Mich. (p. ms) 

Central Steel A W'irc Co., 3000 W'. Slsl St., Chicago 32, 
Ill. 

Columbia Steel A Shafting C"o., P.O. Box 1557, Pittsburgli 
30. Pa. 

; Everlmt Products (ai., 2001 Carroll Ave,, Gliieago 12, 
HI. 

: f Conlitiiirii) 
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Revere Dryseal 

COPPER REFRIGERATION TUBE 


HANDY Paekage 



Revere Dryseal Tube comes in SO-foot double 
layer flat coils, packed In individual cartons. These 
sturdy cartons protect the tube, keep it clean, 
may be conveniently stacked for storage, and are 
easier to identify and to unpack. 


PROTECTIVE Seal 



Revere Dryseal Tube has a d DublE-groovr 
mechanical seal. It is compact enough to pass 
through any opening large enough for the tube 
itself. It permanently keeps the interior of thr 
tube clean and bone Jry. 


Standard SIZES 


Revere Dryseal Tube comes in economical dimensional standards as follows; 


Size O.D. 

Wall Gauge 

Pounds per 

Approx. Weight 

in Inches 

in inches 

Linear Foot 

per 50-ft. Coil 

'/b 

.030 

.0347 

1.74 

3/16 

.030 

.0575 

2.BB 

'/4 

.030 

.0B04 

4.02 

5/16 

.032 

.;o9 

5.45 

ye 

.032 

.134 

6.70 

Vi 

.032 

.IB2 

9.10 

% 

.035 

.251 

12.55 

% 

.035 

.305 

15.25 


Revere Dryseal is 

the Standard of Quality 


Revere Dryseal Tube 

is dead soft, so that you can bend It easily . . . and the ends won't 

split when flared. 

Exterior and interior s 

urfaces are clean, smooth, and free from mechanical defects. It Is made of deoxidized 

copper pure 

] and is kept oxide-free by 

special processing methods. 



Revere Dryseal Copper Refrigeration Tube is available from leading distributors throughout the country. 
Revere also manufactures aluminum refrigeration tube. 


REVERE COPPER AND BRASS INCORPORATED 

Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, New York 
Mills: Baltimore, Md.; Chicago, Ill.; Detroit, Mich.; Los Angeles and Riverside, Calif.; 
Clinton, Ill.; New Bedford, Mass.; Rome, N.Y.— 

Sales Offices in Principal Cities, Distributors Everywherp 
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I'UBES & TUBING, STEEL (C.iintinued) 

Flori Pipe C[>., 601 £. Red Bud Avb., St. I^nuia, Mo. 

niobB Steel Tubea Cu., 38.'in W. Burnliani, Milwaukee i, 

WiB. 

Jones & Laughliii Steel Co., Pittsburgh, Pa. 

Ijacledc Steel Co., Arcade Bldg., St. l^ouiH 1. Mu. 

Michigan Seamless Tube Co., S. Lyon, Mich' 

Michigan Steel Tube Products Co., !J450 Buffalo St., De¬ 
troit 12, Mich. 

A. B. Murray Co., Inc,, 030 Creen Lane, Elizabeth, N.J 

National Tuoe Co., U. S. Steel Corp. Subsidiary, P. 0. 
Box 266, Pittsburgh, Pa. 

Chip ScainlesB Tube Co., 132 \V. Main St., Shelby. 0. 

PacificTube Co., 5710 Sinithway St., Ijuh AiigelcB22, f-itl. 

Pittsburgh Pipe Coil die Bending Co., 01 Bridge St., Etna 
P.O., Pittsburgh 23, Pa. 

Republic Steel Corp., Steel it Tubes Div., 224 JO. Lllat 
St., Cleveland, D. 

Kevore Copper & BrasH, liir., 2.40 Park Ave., N.Y.fL 
17 ^ ip. 11)1) 

Joseph 7'. Ityerson 4 Son, Inc., 10th 4 Rockwell Sts., 
Chicago, Ill. 

Siipcrior Tuhe Co., 2101) tleniiaiittiwii Ave., NnrriHtiiwii, 
Pa. 


rUBCS & TUBING. STEEL, STAINLESS 

Allegheny T^udlum Steel Corp., Oliver Bldg., Pittsburgh 

22, Pa. 

Babcock 4 Wilcox Co., 85 Liberty St., N.Y.C. 6 
f^arpnnter Steel ('o., Reading, Pa. 

Central Steel 4 Wire Co., 3000 W. 51fit St., f^hir-agu 32, 

111 . 

Columbia Steel 4 Shafting C^i., P.O. Box 1557, Pittsburgh 
30. Pa. 

Globe Steel Tubes Co., 38.39 W. Burnham, Milwaukee 1, 
Wis. 

A. B. Murray Co., Inc., 030 Green Lane, Elizabeth, N.J. 
National 7'ubc Co., U. S. Steel Corp. Subsidiary, P.O. 
Box 200, Pittsburgh, Pa. 

Pneilic Tube Co.. 6710 Srnithway St., Los .Angeles 22. Cal. 
Pittsburgh Pipe Coil 4 Bending Co., 61 Bridge St., Elna 
P.O., Pittsburgh 23, Pa. 

Rcpuhlic Steel Corp., Republic Bldg., Cleveland I, O. 
Republic Steel Corp., Steel 4 Tubes Div., 224 E. 131 bL 
St., Cleveland, 0. 

Joseph T. Ryerson 4 Son, Inc., 10th 4 Rockwell Sts., 
Chicago, Ill. 

Superinr Tube Co., 2H)0 Germantown Avc., Norristown, 

Pa. 

Wallace 'rube Cn.. Sidi. uf Wallace Suiiidies Mfg. Cu.. 

l.'JOO Diveracy Pkwy., Chicago 14, 111. 

Wallingford ,StiM*l VN iilliiigfurd, Cl. 

Wooster Rruss Co., 1415 E. Bowman iSt., Wooster, f). 


TUBES, BOILER & CONDENSER 

American Brass Cii., Waterbury H8, Ct, [p. /.V.u) 

Babcock 4 Wilcox Co.. 85 Liberty St., N.Y.C. 6 
Bethlehem Steel Co,, Bethlehem, Pa. 

I'arpi’iiter Strrl Co., Re;idiiig. Pji. 

Central Steel 4 Wire Co., 3000 W. 5181 St.. Chicago 32, 
Ill. 

Chase Rrass 4 Cupper Co., 230 Grand St., Waterbury 91, 
Ct. 

Columbia Steel 4 ,Sharting t’o., P.O. Box 1577, Pittsburgh 
30. Pii. 

Globe Steel Tubes Co., 3839 W. Burnham, Milwaukee 4, 
Wis. 

A. H. Murray Co., Inc., 030 Green Lane, 1‘jlizabeth, N.J. 
National 'Funii Co., U. S. Steel Corp. Subsidiary, P.O. 
Box 206, Pittsburgh, Pa. 

Ohio Seiiinli-SH 'I'ube Cu., 1.32 W. Main St.. Shelby, O. 
Pacific 'rube Co., 5710 Sinithway St., Los Angeles 22. Cal. 
Pittsburgh Pipe Coil 4 Bending Co., 01 Bridge St., Etna 
P.O., l^ittsburgh 23, Pa. 

Republio Steel Cnrp., Steel 4 Tubes Div., 224 E. ISlst 
St., Cleveland, 0, 

Revere Copper & Brass, Inc., 290 Park Ave., N.Y.C. 

17 ip. an) 

Jnsc'ph 'P. tt.vcraoii 4 Son, Inc., 10th 4 Rockwell Sts., Chi¬ 
cago, 111. 

Sn.vill .Mfg, Co.. 01 Mill St.. Walerburv 2J, 17. 

Superior I'ube Co., 2100 Gurmanlowii Aviv. NnrriMuwn, 
Pa. 

Wolverine I'ube Div., Calumet 4 Hocla Cons. Copper Co., 
1411 Central Avo., Detroit 9, Mich. 
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TUBING, BEER 

Acroriuip Corp., .300 S. East Ave., Jackson, Mich. 
Bunny TublnU Go., £. Jefferson fit Parker Ave., De¬ 
troit 4, Mich. (yj. HKf} 

Division T^ead l.ai.. 8,')(j Ivinzie Si., LJiicagu 22, 111. 
Eiigle-Pichcr ShIcb Co., Ainericaii Bldg., Cin'ti. 1, 0. 

B. E. Goodrich Co., 500 S. Main St., Akron, 0. 

Uudsoii Products Co., Inc., 4400 St. Aubin, Detrnil 7, 
Mich. 

Pcrlii-k Brass f n., 3110 W. MeinurUi' .Aviv, Milwauket 45. 
Win. 

Raybestos-Muiilittttan, Ijic., 61 Willett St., Pass.ai.?, N.J. 
UniliMl VVirr 4 Supply Corp.. 1497 IHinwiiud Aviv, 
J'riividenri* 7 R.I 

TUBING, BLOCK TIN 

Division Tii-iid Co.. S.'Ili Kin/ii* St., Cliii-ago 22, III 
Eagle-Picher Sales Co., American Blilg., Cin’ti. 1, (), 
National Lead Co., Ill Broadway, N.Y.C. li 
Northwest Lead Co., 2700-16tli Ave., S.W., Siiattln 4. 
Wash. 


TUBINC., FINNED (See FINNED TUBING) 


TUBING, FLEXIBLE METAL (See also CHARGINi; 
LINES, alsn FLEXIBLE CONNECTIONS) 

Acrof|uip Corn., 300 S. East Avrv, Jackson. Mich. 

Allied Meial llose. .37-'1(i Dili St., Lung iHland City, \.5 . 
American Brass Co., Walcrbiiry 88, 17. (n. 

Atlantic Metal Hose Co., Inc., 123 W. filth St., N.i'.C. 23 
ChifUigo Metal Huee Corp., Maywood, Ill. 

Clifford Mfg. I'n,, Div. of Sid. 'riioniHoii Cu., Grovr Si.. 
Waltham, MasB. 

Eclipse Aviation Metal Muse Dept., Div. of Bendix .Avia¬ 
tion Corn., Phila, 44, Pa. 

Everhot Proaucts f'o., 2001 Carroll .Avfv, Chicago 12, 111. 
Federal Metal ITosc Corp., 277 Military Ud., Buffalo 7, 
NY. 

I''li‘\ibli‘'I'libing f'lirji.. New Whitfield Si., CuiUniil, C'1. 
Johnson Metal TTosc Co., 226 Mill St., Wutnrhury SB, Ct. 
PaekJesB Mi-ljil Producl H Corp., 31 Win I hr op .Avi-.. NTi'W 
Rui hfllr, N.5’. 

Rcsistollex Corp., 3!) PlaiiHuen St., Belleville 9, N.Y'. 
Seaiiihix Co., Inc.. 4123-24 th SC, T.orig IsJaiid (7ty 1, N.Y' 
'rileflcx, Inc., 500 Frclinghu.vsen .Ave., Newark 5, N.J. 
Unillex Mclal IIuBe Go., 52 Rubber Aviv, Naugatuek, Ct. 


TUBING, LEAD 

Rridgeport Thermostat Co., Inc., 1225 Connecticut .Aviv 
Rridgeport 1. Ct. 

Division Ijoad f’o., 830 Kiii/.ie St., rjiicugn 22, 111. 
Eagle-Picher Sales Co., American Rldg., Cin'ti. 1. D. 
National Lead Co., Ill Rroadway, N.Y.C. B 
Northwest Lead Co., 27lX)-lfith Ave., S.W., Seattle 4, 
Wash. 


TUBING, PREFABRIC.A I'ED & TUBULAR PAR I S 

.Acme Ei|uip. Cu., 20.5 IC IVw-iy, Mu.Bkugin*, f)kla. 

W. R. .Aiiimh Co.. 1.50 Ilouper St., S:iti i'’raiicinci» 7, f^i.I. 

Bundy Tubing Co., E. JelIer.sDn & Parker Ave., De¬ 
troit 4, Mich. ip. Ilhi) 

Capitol Mfg. it Suppl.v Cu., 153 \V. Fulton ,S1., CulumbuH. 

(». 

Eutectic Welding Alloys Corn., 40 Worth St., N.Y.C. 13 
Everhot Products Co., 2[)()1 Carroll Ave., Chicago 12. Til. 
Fitzsimons Mfg. Co.. 3775 E. Outer Dr.. Detroit 12. Mich. 
Flori T*ipe Co., lUll E. Hud Riid Avov, St. Louis, Mo. 
Gay Engrg. Co., 2730 E. llth St., Tios Angeles 23, Cal. 
Griunell Co., Inc., 260 W. Exchange St., Providence 1, 
H.I. 

Kenmore Machine Products, Inc., 15 Depew Avc., liyons, 

N. Y. 

Mirhigan Steel Tube I’roducts Co., 9450 Buffalo St., De¬ 
troit 12, Mich. 

Mueller Brass Co., Port Huron, Midi. 

A. B. Murray Co.. Inc., (330 Green Lane, Elizabeth, N.J. 
National (.dipper it Smelting Co., 1862 10. 123rd St., 
Cleveland fi. □. 

Northern Indiana Brass Co., 935 Plum St., Elkhart, Iiid. 
Ohio SeamlRBs Tube, Co., 132 W. Main St., Shelby, U. 
Parker Appliance Co., 17325 Euclid Ave., Cleveland 12, 

O. 

( Continued) 
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It’s Bundy weld for better refrigeration! 


In coils or condensers. In compres¬ 
sors, evaporators, or refrigerant lines. 
Whatever your application, Bundy- 
weld spells more advantages than 
any other tubing. It's double-walled 
from a single strip, copper-brazed 
through 360' of wall contact . . . 
stronger, lighter-weight, easier-form¬ 
ing, easier-handling. 

Too, Bundy weld’s double walls mean 
thinner walls for faster heat con¬ 
ductivity; finer, more dependable 
performance for the life of your 
refrigerators, home or commercial 
freezers, display cases, refrigerated 


cars, whatever you make that calls 
for refrigeration tubing. 

Foiled by a coil? 

Then bring that tricky bend to 
Bundy, where exclusive, patented 
bending machines can roll out 
formed tubing parts to perfection, 
ready for your assembly lines. When 
a given bending fixture doesn’t exist, 
Bundy engineers will often design 
a new one to lick the knottiest 
bending problems. For the com¬ 
plete Bundyweld story, write; Bundy 
Tubing Company, Detroit 14, Mkh. 


Bundynifeld Tubing 

DOUBLE-WALLED FROM A SINGLE STRIP 


NOTE rhe exclusive patenred Bundyweld beveled edge, which affords 
a smoother joint, absence of bead and less chance for ony leakage. 



SIZES UP TO O. D, 
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PREFABRICATED (Continued) 

Edw. JlunncburK ^ Sons Ud., 2(33^ Ilratoii bL.. BfilLiiiiorr 
24. Mfl. 

Republic Steel Corp., Stocl & Tubes iJiv., 224 E. 131 rL 
3t., Cleveland, O. 

VVliiLlur'k MfK Cl) , HI Soulh SL., ]riJ.r1fi)rd 10. f'L 

Wolverine Tube Div., Calumet & HccLa Cons. Copper Co., 
1411 Central Avc., Detroit !1, Mich. 

TUNNEL FREEZERS (See FREEZERS) 

rURBINES (See STEAM TURBINES) 

TURBO COMPRESSORS (Seealsu COMPRESSORS, 
CENTRIFUGAL; aUo CONDENSING UNITS, 
CEN’rniFUGAL) 

AIliH-ChalinuTH MIk. Co.. Milwaukee 1. Wia. 

I'3lii)1l ('■) , .leiiiiTiL'tti*. I’a. 

I n|c ITS oil-Hand Co., 11 Ilrnadwny, N.Y.C. 4 

UiiotB-Cunneraville Hlower ('nrp., P.O. Box 327, ConnerB- 
villo, Ind 

Spencer Turbine Cu., ITurtford li, CL. 

Trane Co., La Crosse, WU. (}i. / /A) 

Worthington Pump & Machinery Corp., Harrison, 
N.J. (/* tU) 

York Corp., York, Pa. (p >3) 


TURNBUCKLES 

Rpthlehem Stppl Ci> . Retlilelipm, I’a. 

Ht. Lrniis Sitbw & Holt Co , U.'^lOO N. Broadway, KL. T.ouih 
15, Mo. 

IT. iS. Expansinn Holt Co , York, Pa. 


TURMNGS (See SCREW MACHINE PARIS; also 
'i ■ 11HI: A D E I) SI * E CIAI /IT E S) 


TWO TEMPERATURE VAl.VES, SNAP ACmON 
(See also SUCTION PRESSURE REGULAT ING 
VALVES) 

Aim Valve Co., H55 KlnUsland Ave., St. Louis 5, Mo. 

ip. !f!*) 

Amlnro Hefrlderatlon Produrts Co.. ]4.'$44-3rd Ave., 
Detroit 3, Mlrh. (p. f 41 >) 

\-l’ ('iiiilnilH ( 'mi p . 245(1 N 32im1 Si .Milwautpi' ip 

Derseh, (vcssweln & Ncuert, Inr., 4H45 W. Grand 
Ave., ClilcuAo 39, 111. (p. 4t!) 

Frlftidalre Dlv., GlmiT. Motors (3orp., Dayton 1, O. 

(p V7) 

Miii'llir ('m 1 l/imi“iT Sve Pori Ilui iiii. Mnh. 

llpfriKuratinK SpiTiallios Cu., 728 R. HaiTiufirnto Illvd.. 
CliioHKi) 12. Ill. 

T'emprlte Products I'.iirp., E. Maple Rd., Birming¬ 
ham, Mich. Ip S!h 


ULTRA-VIOLET HADIAITON (See LAMPS, ABC- 
TERICTDAL) 


UNDERCDATEHS (See COATINGS & COMPOUNDS; 
also FINISHES) 
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I (A) Oeamery Package MfU. Co., 1243 W. Washinn- 
Infttnn Blvd., Chicago 7. Ill. (p. 

(D) Curtis Refrigerating Machine Dlv., Curtis Mfg. 

f3n., 1949 Klenlen Ave., St. Louis 20, Mo. (p. 7) 
(A.D) Drayer-llanson, Inc., 3301 Medford 3t., Lus An^p- 
les 33, Cal. 

(H) Evans Mfg. ITorp., 400 S, 10th Avff., Mt. VernDii, 

N. Y. 

(B) Fedders-Qulgan Corp., 57 Tonawanda St., Buf¬ 
falo 7, N.Y. i/j. .j.'O 

(B) Frlgldalre Dlv., CenT. Motors Corp., Dayton I, 

O. (p. 7 7) 

(A,D) Clay Eiigrg. Co., 2730 E. 11th St., Lon Angclps 23, 

CJal. 

(B) General Elec. Co., Air Conditioning Dept., 5 Law¬ 
rence St., Bloomfield, N.J. (p. J'^) 

(H) C. \ . Hill ik Co., Iiic., 300 PpiLuinglnn Av'P., 3'roiilim 
1. N.T. 

(A,B) Howe Ico Machine Co., 2825 Montrose Ave,, 
(Chicago 18, HI. (p. 

(H) I lusMiiiiinii l{i*frigi‘riil nr f'u., 210J N. LeThiigwi ll, 
SI Louih 0, Ml). 

(4,11) Industrial Mfg. it Eiigrg. ('o , 3845 N. Hiivduhw nod 
Avl‘., Chinign 13, III 

, (A.B) Kennard (iOrp., 1819 S. Hanley Rd., St. Louks 
17, Mo. (p. /fJ) 

(A,H) King Co., 002 N. Cedar St., Dw'atnrina. Minn. 

(A) Kuhlenberger Engrg. C.nrp. HiOD W. I'ommoii- 

weath, Fullerton, f^al. ip. 3//) 

(A,Bj Kramer Trenton Co., Olden & Bruening 
Aves. T'rentnn 5, N.J. Ip. If).A 

(A,B) Larkin Colls, 519 Memorial Dr., S.E., Atlanta 
1, Ga. (p. 4/) 

(B) McCord Corp., Rlopelte & E. Grand Blvd., De¬ 
troit 11, Mich. (p. mm) 

(A,B) McOuay, Inc., 1600 Broadway, N.E., Minne¬ 
apolis 13, Minn. (p. HHi) 

(A,B) Mario Coll Co., 6135 Manchester Ave., Si. 

Louis 10, Mo. ( 7 >. 7in>) 

A,11) D. .f. Murray Mfg. f/ti., l(J24-3rd St., W auBjiii, Wim 
A,B) Niagara Blower Co., 405 Lexington Ave., 
I N.Y.C. 17 (p !f7) 

(A.B) Refrigeration Appliances, Inc., 917 W. Lake 
I St., Chicago 7, Ill. (p JfU) 

I (A,B) Hefrigcratioii Economics Co., Inr., 1231 E. 

Tuscarawas St., Canton 4, O. (p. 1H7\ 

' (A,B) Refrigeration Engrg., Inc., 7250 E. Slauson 
I Avc., Los Angeles, C^aL (p. 

(A,II) llpiTipe I'u., 341) N. Samimpritii HIvd , CJiirago 12, 

111 . 

(4,Hj Higidbilt. Inr.. 2H5t) W . Tultnn St , ['hiragr) 12, Til 
(A,T1) Stewart lee Machine Co., 1282 W. Ist St., Pomona, 
Cal. 

( V.H) Supei I’lilrl r'nrj) , Il)2t) F. 5»tli M , I.hh \iigi h-p 1, 
Cal. 

(TI) Teniipy Engrg., Inr.. 25 Ave. 71, Newark 5, N..1. 
(A,M) Trane Co., La Crosse, Wls. (p. /YiS) 

|A,B) II. S. Air Conditioning Cnrp., C^omo Ave., S.E. 

at 33rd St., Minneapolis 14, Mltin. (p .i7) 

(A,B) Vilter Mfg. Co., 2224 S. Ist St.. Milwaukee 7, 
WU. (p. a.v 

(A.B) Worthington Pump Bi Machinery Corp., Har¬ 
rison, N.J. (p. 744) 

(A,H) XL Tlefrigerating Co., 1834 W. 5.t)tli St., Chirago 
30, III. 

(A,B) York Ct>rp., York, Pa. (p. .7.0 


UNIONS, PIPE (See FITT INGS, PIPE) j 

UNIT COOLERS ABOVE 32“—CEILING MOUNTED ' 

(A—Ammonia; B—Other refrigerants) 

(A,11) Advanced Engrg. Co., 2545 AV. Fond du T.ac Ave, 
Milwaukee. Win. 

(II) Anienraii Coils Co., 25 Lexington St , Newark 5. N..T. 

(A,n) Baker Refrigeration (hirp., S. Windham, Me. 

(p. t!7l) 

(H) Hct* Corp., 445 State St.. Ilammoiul, Ind. 

I \ ,11) IlufTalo Forge ('u ,217 M nr( inii’r SI , HuITeiIo. N V. 

(A.B) Bush Mfg. Co., 179 South St., W. Hartford 1», 
Ct. (p. 40 ) 

lA,B) Carrier Corp., 302 S. Geddes St., S 3 rracuBe I, 
N.Y. (p. J,-*) 

(.\) Cherry-Hum'll Curp .427 AA Huiiiliilph Si . i'hii-agii 

11 . 111 . 

(A.B) Ciiiiditlonaire Unit (io., Dlv. of Huwe Ice Ma¬ 
chine Cn., 2815 Montrose Avc., I'.hlrago 18, HI. 

(P. L'W) 


UNIT COOLERS ABOVE 32“—FLOOR MOUNTED 

(A^Ammonla; Brother refrigerants) 

(A,D) Acme Industries, Inc., Mechanic & Ganson 
Sts., Jackson, Mich. (p. i’ll) 

(A.B) Baker Rcfrlgratlon Corp., S. Windham, Me. 

(P 

(11) Ilctz Ciirp., 445 State St., Hanmiond, Ind. 

(.4,11) Huffalo FurgL* Cn , 217 MurlnniT Si . HufTali) 10, 
N.Y. 

(A.B) Bush Mfg. Co., 179 South Si., W. Hartford) 
ID, Cl. (p. 

(A,B) Carrier Corp., 302 S. Geddes St., Syracuse 1, 

N.Y. ip. 2.7) 

[A) Creamery Package Mfg. Co., 1243 W. Washing¬ 
ton Blvd., Chicago 7, HI. [p. 4^0 

(.A.B) Droyer-Hanson. Inc., 3301 Medford St , Los An 
geles 33, CbI . 

(H) FfVans Mfg. Corp , 4lU) 8. lOth Vve , ML. V’eriinn. 
N.Y. 

f C niitiliiii’ii ) 
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CUHVETTE 





. 'Trenton 5, N.J. 


KRAMER TRENTON CO 
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fUMiunMrcipl and indiwtrlal rofrigarotlon equipment 
for t e m per a turet abeve and below 34** F. Air com 
diHonlinQ oqolpment for cooling, heating, humidi¬ 
fying ond dohumkiifying. 


I 



Evaporative Condensers 
Cooling Towers 


fri^^an Evaporative 


•aw-a 

Condensers and Cooling 
Towers, Copodties from d to 
IjK) tons* 



Air Conditioning Units 
Multizone Air Conditioners 
Cooling and Heating Coils 


Water Defrost Blower Units 
Refrigeration Blower Coils 
Ceiling and Floor Type Units 


l|£COti0 Ail* Cendhiolwn end 
d Rffrlgerelton Unit*. 
*|nts Air GmdiHonen 
li.te 38 t&nt. tndudrial 
fe 15 tom, 






■-1RIECOLID 


WrtH br informoHen Mby 


tiiaii««maivk ivko* 


e/AU^CnctiOK EN GINEER INC, INC. 

MMMctg AWCNM • lot Ahan^ n. CAittoniiA 
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Refrigeration Economics Co., Inc. 

1231 Tuscarawas St. E., Caiituii 2, Ohio 
Recoy ProtluclB 






<- ( . T. l OILS 

CorUiiiiiQim tulie down fliall linioils ait ^llll uii 
surpa'ised for iioal lookm, oi oilier piodiuts n 
qiiiiin^ high hiiniii]il> anilgrnllt an in iiluMon 

CVAFORATiVL ( OM)F I\S1 RS ^ 

Evaporalivt (und(n<^trs fioni 2 In lOll Inri'? lliiiu 
s|ira\ I nnling In iS Inns 


fl HIM, DIFFINIR 

Ceiling difliiseis disirihnlp ihe loolid air 
at loss ilip ppiling ‘.n tin diafl dors nol 
sliikt ihi pioiliiils sinird oi oiiinniiils 



( . F. ( OII.S 

( niitiiiuoiis fin (Dlls foi mill loolirs 
1)1 isl hpaler‘> an i oiiililioiiing anil i mi 
dpMSLrs 


<- AIR CONDI!lOMNL 

All londilioning iinils of iLiling oi flooi 
ly])L in all lapanlips for i ooling hi il 
ing, Di both 

ACJTOMATK DFI ROST UNITS 

( oniplrtp rrady for pit dm, liquid sur 
tiOM and hot gas tonner linns One poil 
working always, hnlli 9 B pi r 11 nl of tiini 

^ WALI UNITS 

Rprny “All Spasons” wall iinils piovidi 
a dainppi foi dtflrrhng the rold an 
down along lliL wall or nut hnn^nlallv 
into iht lODin thus providing prnpi r an 
i nr Million foi “All Srasnns” 

SHELL (ONDFNSER ^ 

Slitll and tube, also shill and fin loiI 
rnndeii'-prs Bolli lypis havi lubes ar 
ranged for thaning wi'h merhaniral 
lube I leaner 






^ WATLR COOlING 
Stlf Lonlaiiiid lompktr nr wain and 
biinr [orilers rnniplett with high anil 
low sidr s, pirciilaling fiumps rnnlrols 
and insiilalion S In dO hp 

FLOOR UNITS ^ 

Fluor Iinils with CDnling Burfaer ex 
posed to view have a definite advantage 
over those with coils hidden Design pei 
mils water defrosting 
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I'NI’I' COni.KHS AHIIVK .12^ (Coniiniied) 

fA,R) Frick tin., Waynesboro, Pa. (p. .j/1 

(Bj Frigidalri* l)lv., C^en’l. Mntnrs (^nrp., Hayton 1, 

n. (p. 17) 

(\,H) liny JOfiKFK I'n , L’T.'KI K lllli Si., ],ow Angi'lna J3, 
fill. 

(A,B) IIowe Maclilne fo., 2N2.S MoiitroNi* Ave., (Chi¬ 
cago 18, III. (/>. tJtS) 

(Aj IiiiIuhIIII)I Mln iV, fi) , :iK4rj N ll;ivi‘iiaviiiDfl 

\vf‘ , I liiciiKii I'l, III 

(A.B) Kennard liorp., 1819 S. Hanley Rd., 8t. Liiuls 
17, Mn. Ip. ft) 

f\.ll) King fo , f)02 N. fi'iliir SI., OwalDima, Minn 
I A) KohliMiberger Knftril. (iiirp. IbUO W. (inminiiii- 
wealth, FulliTton, fiiil. 1/U 

[A) Kramer Trenton liu.. Olden & Breunlng Aves. 

I'rentnn 5, N.J. (p I't.'t) 

(A.B) Larkin (iolls, 519 Memorial Dr., S.F., Atlanta 
1, Ha. (/j. /,!) 

fA,Bj McQuay, Inc., IbOO Broadway, N.R., Mlnnr- 
apiills 1.4, Minn. (p. I't't) 

(A,B) Marin full Cio., 6135 Manchester Ave., .St. 

Louis 10, Mo. (p. ^uii) 

(A,H) Niagara Blower tio., 405 Lexington Ave., N.Y.f. 

17 Ip. U7) 

I Mj Ki'iiil Miii'Iiiiiim V I)i\ iShiiiil.ii [| Miilvi‘1 I'ti . Iiii., 
^ nik, Pii. 

(A.Bi Herrliieratinn Appllaiires, Inc , 917 W. Lake 
St., f'liicHi^o 7, 111. (p vpl) 

lA,n) Hefriiteratlon Rcnnnmics fii., Inc., 1231 K. 

Tuscarawas St., fantuii 4, O. (p. rn) 

(A,B) Hefrliieratlon Kndril., Inc., 7250 F. Slausnn 
Ave., Los AiiAeles, (ial. Ip I'HS) 

(A,H) Itigulbill, liii* , 2H.'il> W. I’ull nil SI., f im-iign 12, 111. 
(A,11) Sttwnrl Iri'Miichmc I'n , 12M2 W. lat Kt., Pomona, 
(^al. 

(\ 11) Siijii'i I'lilil fiMii null I rilMli SI IniH \ligi‘li‘H I, 
fill. 

(M) I'lMiiii'y lOngrg , Inc , 215 Ave 11, Nc^viirk Ft. N.J. 

|A,B) 'Irani* fo., La frusse, WIs. (p //Sj 

I A,Hi f. S. Air tiOndltloiiiiiU (iiirn., f oniu Ave., S.l'.., 
at .4.4ril St., Mlnneitiinli.s 14, Mliin. (p .i,) 

(A,n) Vllter Mrg. fo., 2224 S. Isl St., Milwaukee 7, 
WIs. (yi. 

(A,B) Worthington Pump & Machinery forp., Har¬ 
rison, N.J (p I'f'f) 

(A,Il) XT/ llcfrigiTiil mg I'n., 1 K.'l I \V. .AlUli SI , flnciigo 

;iii. Ill. 

(A.B) York forp., York, Pa. (/». 'i.-') 


UNIT fOCiLKRS ABOVE 32°—WALL MOHN'I'ED 
lA—Ammonia; 11—Other refrigerants) 

(11) Anipricftn foils fn , 2.') I/i'Miiglrjii SI. Newark 5, N.J 
(A,H) Baker Refrigeration forp., S. Windham, 
Me. (p. (1‘)) 

ill) Hi'l/ forp , 445 Sliiln St , 1 liiiiiiiiond, Iml. 

I \,Hl lliilT:ilii Fnrgi- I 'n 217 Miiiliiiii'i Sl , Mufr;i|n, N A 
(H) Bush Mfg. fio., 179 South Sr., W. Hartford 10. 

. f.t- [p. 

(B) farrier forp., 302 S. feddes St., Syracuse I, 
N.Y. (p. J./j 

l.A) f/reaniery Package Mfg. Ini., 1243 W. Washing¬ 
ton lllvd., Chicago 7, 111. ip 


(A.13) Druyer-lliiiiBon, Inr.. JMHl A1f>dfnnl St., T/ns \ii- 
gelefi .13, f'nl. 

IH) KviiiiH Mfg ft)r|i , 4I5H S HUli Ain , Ml \rintni, 
N A’. 

iBy Fedders-Ouigitn forp., 57 I'onawanda St., Buf¬ 
falo 7, N.Y. (p BH) 

(B) Frlgldalre Olv., ficii’l. Moliirs linrp., Dayton 1, 
O. (p. 17) 

(11) Hussmanti Refrigerator fio., Inc., 2401 N. Lef- 
lingwell, St. Louis 6, Mo. (p iS.‘3) 

(B) Kennard forp., 1819 S. Hanley Hd., St. Louis 7, 
Mo. (p. i<>) 

(A) Kuhlenherger l/ugrg. tiiirp., 1600 W. f oninion- 

wealih, Fullerton, fal. ip dH\ 

I |A,B| Kramer Trenton fo.. Olden & Breunlng 
I Aves., Trenton 5, N.J. lyi. t'fB] 

I (B) Larkin (iolls, .519 Memorial Or., S.E., Atlanta 1, 
Ca. (p. 41 ) 

(B) Mcf ord forp., Riiipelle & E. Grand Blvd., Detroit 

II, Mich. (p. .5,5) 

(A.B) McDuay, Inc., 1600 Broadway, N.li., Minne- 

I apolls 13, Minn. (;j. Ili'i) 

(A,B) Mario fioll fo., 6135 Manchester Ave., St. 

l/ouls 10, Mu. (p. JOO) 

(A,H) D, J. Murriiv Mfg. fn., in21-3iil SI., Wausiiu, 
Wis. 

(A,B) Niagara Blower fiu., 405I.,exjngton Ave., N.Y.f. 

17 (p. ;>7) 

lin Hi-r-Mr A l/img |{f-li igri ;i I inn I'rnilui-lH, Ini-., i8<ll 
l*;irk \vi \ \ f .'.5 

|A,B) Kefrigeratiun Appliances, Inc., 917 W. Lake 
.Sl-, lihicagn 7, 111. ip JfH) 

(A,B) Refrigeration Kconuniics tin., Inc., 1231 K. 

Tuscarawas St., lianton 4, D. (yi. l.'H) 

(A,B) Kefrigeratiun Engrg., Inr., 7250 E. Slausun 
Ave., Lus Angeles, fal. (p. I'P>) 

(\.H) Ueinpi* fn , 311) N. Sacrann-nln Hl\d , fliiciigu 12, 

III. 

(Hj Slcrling Mfg fn , 2.52.'l I'.'irnani St , Dmivlia, Ni-h 
( V.It) Slcwjirl Ice Miiclnnt ft>., 1282 W Ist St , rnninna, 
fal 

I A,II) Supi t f i»lil I'll! J) , 1 DJI) li .5!)| Ii M , I/iiM Viiinli''], 

fill 

(H) Tenney Engrg , Inr., 2(5 Avr U, Nev\:irk ,5, N J. 
(A,B) II. S. Air (londitiuning forp., fiomu Ave., 
S.E., at 33rd St., Mlniieapiills 14, Minn, f ;> B'l) 
(A,B) Vllter Mfg. fit.. 2224 S. Isi St.. Milwaukee 7, 
Wis. (/J. ct.i) 

( V,ll) Xli Ilefrigcr.'itiiig fu., 1831 VV. .51)11) Sl , fJiicagn 
3(5. III. 

York forp, A'nrk, Pa i p 


IINTI f DULEKS BELDW 32“—CEILING MOUNTIJ) 
(A—Ammonia; B—Other refrigerants) 

(a—Reverse cycle; l>—Electric; c—Brine spray; d— 
Water; e—Glycol; 1—Warm air; g—Others) 

(H li) Aiiirricaii foils fn , 25 T/cxiiigton SL., Ncwaik 5, 
N.J. 

(A,B:a,r,c) Baker Rcfrlgeratiini f.orp., S. Wind¬ 
ham, Me. (p. li.i) 

lU :\,h,il ) Hri/t'nrp , 445 SI ill i* SI . I liiininiind , liiiL 

( I'linliinii (1) 



CONDITIONAIRE UNIT COOLERS 

Cwiling Typm, far ALL Commerciol Uibi 


■ I'sc Ammnni.i, Mcrh>l, Krcnn, Brine or 
AN .Iter with a L'Diiilitinnaire. Its all .steel, 
welileil, hot galvaiii/eil coil is suitable for 
an> relrlgcranr. Other Conililinnaire le:i- 
turcs: Sweat-proof, corrosmn-lree housing; 
.silent mutiir; ailjustahlc ilericcrors, an> 
angle; thermo or float valve eonrrol. Si/cs 
for ever\ necil. // erVe dt'tailt'd itfcniHift'! 


^ CondUlBniltB iiulillBllBn-g. C. HIppCB . BrBwnsvilla.TBi. 

CONDITIONAIRE UNIT CO. 

5a/ai Diviiian — Howm lew Machinm Ca. 

2B21 MONTROSE AVENUE-CHICAGO 18. ILLINOIS 



MbiIbI 216-DBublB Fin CBniitiinairB 
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proven ^ " 

ffl/^Zf'UUf PRODUCTS 

MANUFACTURERS OF EQUIPMENT FOR 
ALL PHASES OF AIR CONDITIONING 



Two-Way Unit Coolers. A sniall compact 
unit ripsiyncd for reach-ins, back bars, anil 
tliifct draw bars Avhcrc spacp is liiiiilL-il. All 
nniiipctiniis arc on the nnlsiilc fur case of 
valve iiiuunlinj;. 




PACEMAKER 
UNIT COOLER 



Model "L" 


Radial Unit Coolers. \ iniiL slyleJ fur iisi 
wlu-i L' minitniini rirplli and liL‘ij::ht are re 
i|iiiii-il. Il may be iimmI fur eillier relriv;eia 
tiiin or ciiiuruil cuidiiiB applicaliuiis. 

Pacemaker Unit Coolers. An iiieal unii im 
vvalk-iri cooleis, back bars. i \. Coiisti iicicd 
liir life aiul service free iipci ai iuii 

Panel Type Chillators. A iinuhin allraclivi 
niiil i sin i'ially ailaplalile fui wall iinuinl inr. 
ill leacb-in cabinets and small biw ceiliiij: 
walk ins. 

Model "X" Zeropak. J)evelii|inl primaiily 
fur birker jdaiils as .-in cnicienl ruider :iiiil 
sliarp fii ezer cunibined. Tins liiiil lias bi cii 
luiiiiil \ ei y .suitable fur all lyi'i s id luw 
I empi i a I III f si urngi*. 

Mode] "L” Zeropak. Tin- liadi i in tin I iw 
l i-iii|ii ral in e lield tur bicker idanls, meal 
liei /iii*; ruunis. ami ice ci i ;im bai iH niiit: 
riiuins. Types “t‘" and *‘( A” slmanc ("id 
CIS fur extra bcavy piuJucl luads in lari;i' 
riiums abiive .xS 1' arc ;ilsii available. 

Multi Louvre Coils. I'm use where liiyli Im 
niiilily anil slow iirijluiiu air iniivenuiit is 
n-rjiiired, as in dural boxes ur cliei'se runins. 




EVAPORATIVE CONDENSER 


Special Coils. All lype.s uf special cmTs sin'Ii 
as hcav.v duly cvapuralms .’iinl cnndciiscrs 
fur n frirri rat ed Irncks, rail rars. ele., as 
well as ■'(!" inbe i vapur.ilurs and rmi 
ilcnscrs fur lij,dil tmiiia«e applicaI iuiis. 

Evaporative Condensers. .Avail.ible in 
h and 12 lun sizes. Cupper cuils uf .ill ju imi 
sill f.'lie. iiiiii|ii;‘ pan lyi'c "alei ilisivilnil ui 
ami aiiluiiial ir w.ilei swirlemn;; jimvidi 
fur eeiiinmi) uf npiralimi. I nils ran be 
Mmi;! ur reiliiii' inuiinterl wilb linriznntal m 
vertical air il iscb.'irge. 

RH Air Conditioners. This unit may be in 
stalled in the curilitifjned space ur in an 
adjarent area with ur witliunt ilncl work. 
Ill additimi to llie freon coil they are avail 
.ible with water ami .steam mils fur year 
ll•lIml applieatiun. 

Dpifriptit'c bulli-'liut u/ ail AIciJuaY 
producti arailablv upun rt’c/ucj;. 



RADIAL UNIT COOLER 



CHILLATOR 
(Panel Type) 



ZEROPAK 
Model "X" 



MULTI-LOUVRE COIL 



RH AIR CONDITIONER 


McQuay, Inc 1600 Broadway, N.E., Minneapolis 13, Minn. 
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Industrial Coolers—Unit Coolers—Evaporative Condensers— 
Law Temperature Units—^Air Conditioning Units—Heating and 
Cooling Coils—Cooling Towers—Diesel Engine and Oil Evap¬ 
orative Coolers 

Quality Heat Transfer Equipment Since 1925 




INIlirSlRIAL 

LO(III'Hi) 

1S unil sizes—1000 
Id 26,400 cfm—1 loor 
type Dry Coil and 
Spriy types Dullthn 

403 

Ain LOISUI HONING 
LNlIh 

CoDlnig — Healing — 
DLlniniidifymg — Hu 
miilifyini:! 14 sizes— 
1 ti) lili Inns 640 Id 
l7,JUl)lflll I Llllll^ BUS 
iKiiiliil Hihu mil mill 
li/i)iii IV pi s Hull I n 
IfU 100 M/ 



UNii Lfiniiiis—irt 

AND Ul ( 

11 unit sizts f 7i In 111 0 
[fm JIlow till OLU h in I I*i II 
rlirmikh t>pis II tite f i 
liulletws an I in 


iiiLiRir Di<i-Hrisi 

II 1 Nils 

(I 's I'llfiil I 171 ) 

/ si/Ls Aiiiiiiiini i 111 
1 non to 2 Inns 

it 12 tlet, ID Bull f n 
l(}\ 

III \S| COILS 

\ir I omlitifining InrliiMiul 
Kr frigeralion llLilmg Any 
inifinil All rtfngLi'lilts 
T very npplicition I’rtssuie 
L^pnnle(l sliggeipj Inlie 
Lontinuoiis pliti tvpL tin 
Hitllthn 



1V\P011AII\1 

CONDLNSLHh 

1 Id 100 tons- All rcfrigLrinr 
—All piimL surfue coils 
No tins yuiLt—Motor Itiii 
drive Indoor or outdoor unit 
Diii'ilile Lonsliiution Hul 
It tin 404 



I \ APIIHil IVI 
DllSIl 
LODI I^H 

2 Iir to 4000 III' 


COOLING lO^LHS 

Induced Drift Welled Decl 
Surface—W-iltr Spny Loin 
I ict in spiLC mil WLiglil 
Outiloor Indoor 1 to 100 
Ions Section'll constniLtiiiii 
H rttr for Biillettn 406 





w?.r« ''Transfer 


COIL CO. « 6135 Manch«sttr Rri. • 


St. L»uls 10 
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KRACK QUALITY 

REFRIGERATION AND AIR CONDITIONING EQUIPMENT 


STRAi-h-i-tx J.uvv vdoLity ceiling I’ljiuilar uriccil all- I'AN-t-FKX 

■ iiiiil vvilli 360” air puriio.sr rciliiiK iiniL 

cliscliarfte. Biiill-iii cooler wiLli ailjusl- 1."FF I 

lieat exchaiiRPr. S able louvres aiul I j K^SI I 

sizes for ajiplica- full size lieal ex- I J 1 1^11 I 

lions rcfjiiirin^i liii- rlianger. For frenii. M J I 

inirjily anrl low air vclmritv. Ran^u- 150- ainninnia, or lirinc L 

13(10 irrU/HR/rFTn. 12 sizes. RaiiRc 

1)0-1400 irn ).cr 
hour rF'lD. 

OTHER HIGH TEMPERATURE UMTS: Juiudi nnulels fur specific lixlure ai>iili- 
l alioiis. FLO-F-FEX : Panel cooler with ])aleiiieLl jivraniiil ilelleclor. DRAFT-l'.-h'l 'X : 

V rrv 1 Fhmi drai I uniL rt>oler for liinileil space. M AI IN-E FEh^X : 

Heavy tliily twin fan iiioilel fr-r big Iniigh jol.s. SLlR-E-h'h.X : 
Miarle gravily coils. 

O'lie original aulomalic eleclric ilefrosL low Iciniu ralure nnil for 
^ sloragi‘ or fast freezing, ('oinplelely insnialeil housing. Raiigi*: 

. J .■ m M-3 Ion. For use with freon or animoiiia. 


EVAPORATIVE 

CONDENSER 

h'loor type, 9 sizes, 5-50 Ions. 
12 ga. channel formed waddeil 
steel eonslriietioii, hoi ilip 
gaKaiiized uftcr fahricutitm. 
Iiilahe eliminaiors positively 
contain siini]i splasli. De¬ 
ni onntalile sections facililale 
handling. Turnover blower 
scclioii for top, left, or righl 
air [liscbarge. L'eiliiig l\'pe in 
."inaller sizes. 




COOIJN(; TOWER 

h'loor l.\pe, H sizes, 5-40 tons. 
12 ga. channel formed welded 
sli'el eonslriiclion hoi ilip gai- 
\ anized ajtrr (tihrituiiim. De¬ 
mountable sections, liiriiover 
blower si'ctioii and intake 
eliminaiors. Removalde iloors 
[irovide eas_\' access to iii- 
terirjr. Separate motors for 
pump anil blow^TS. 


leavy duly Hour type iiidiisirial 


1 

blower 

nnil for bigb or 

low' tempera- 


tore e 

ipplicatioiis. 12 

ga. rliHimel 

r_ 

forniei 

1 steel lionsin; 

;. .Sectional 


tnrnov 

r*t- 1 itf»\ii'r>r 

1 brepliona.l 


hooil.s 

with adjustable 

louvres op 

1 ■ 

lionah 

Arressibh* iiilerior. h or 

IB 


^ I fNin tj r*i- l*w-i 

n e 12 s! / e s 

Jfil 

1 reon, 
Range 

11.^1 lA I'l ■ 

: 1-15 Ions. 



DTHER AIR CONDFl IDMNH KyUll’MENT; BREh:/-h:-FEX, Consfjle comfort 
cooler (44-D/j tons). COMb'-E-Fh'..X, ceiling comfort cooler loii.s). Also ceiling 

(5-25 tons) and Hoor (5-50) central station air cr)nditioiier.s as well as custom marie 
air conditioning coils. 

■ Srierifi/iru/Iy Engineert^d ■ Ppprininn Mar/p • Ralancml Ppr/ifrmanr»» 
Sueeifii-aliimts anil Dula SheelK on any Unit Avuilablp on RcquPMl 

REFRIGERATION APPLIANCES, INC. 

901-923 W. Lake Si., Chica^u 7, Illinois, U.S.A. 

Pirineer Manufacturers of Quality HpmI Transfer Equipment 
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UNi r rOOLKRS HKLOW (Ccintinued) 

lA.UrF) ItufTiilrj I’liriri" Cn., 217 MiirliniFir S(., Huffiilfi, 
N.V. 

iA,B:[:,e.) BunH MfA. fli)., I7>l Sriuth St., W. Hart¬ 
ford ID; C^t. iji, If*i) 

(A,B:d) l^arrler Curp., 302 S. Geddca St., Syracuse I, 

N. Y. (p. i!*) 

(A,B:dj Giindltiiiiialre Unit (in., Dlv. of Howe Ice 

Machine (in., 2B15 Mniitruse Ave., (ihlcaitu IM, 
111. [p. I.'f.S) 

(A;u,c) (ireamery Package Mfft. (in., 1243 W. Wash¬ 
ington Blvd., lihlcaftii 7, III. [p. 4'/) 

fB:d) (iurtLs RcfrlUcratliifl Machine Dlv., (iurtls 

Mfft. Co., 1949 Klenlen Ave., St. Louis 20, Mo. 

(p. 7) 

f.A,11 :u,b,r,il) Drnycr-IIariHfin, Inc., 3301 Medford Si., 
Ldb AiiKoles .33, Ctil- 

I'iviiuH Mfic. finrij., 4(10 S, lOtli Si., All. Vi-rnnn, N.V. 
fBj Prlaldalre Dlv., Gen'l. Motors Curp., Dayton I, 

O. {p. 17) 
f A.ll:ii,b,r,[l) fiuy I'iiiKrK f3i., 2730 I'i. 11 Lb Si., TiOS Aii- 

peles 23, Cal. 

(M) C. V. 11 ill t'll., I III-., MliO l^‘ll iiiiijUEl (III A \M‘.,'I'n-iil nil 
1, N..I. 

fA,B:B,d) Howe Ice Machine (io., 2025 Montrose 
Ave., (ihlcailo IK, 111. (p. Jpi) , 

iD:dj llussmanti ReFrlUeratnr Co., 2401 N. Lef- 
tinilwell, Sr. Louis b. Mo. [p. ,S3) j 

( All,f) Kinn ('o., !M12 N. (’r-dur S(., I )w:i.l oiiiia, Minn. i 
lA:a,c) Kohlenberiler Kn^rA. (iorp., IbOO W. (iom- i 
monweallh, Fullerton, Cial. (p. .4.'^ | 

[A,B:Aj Kramer 'I'renton (io.. Olden & BreunInA i 
Avea., 'I'renton .5, N..I. (/>. IPii) J 

(A,Bid) Larkin Colls, 519 Memorial Dr., S.E., At- 1 
lanta 1, (^. (p. 4 I) 

(A,Bib) McOuny, Inc., 1600 Broadway, N.F.,Minne¬ 
apolis 13, Minn. (p. llfH) 

(A.B:h,c) Mario Coll Co., 61.15 Manche.Hter Ave., 
.Si. Louis 10, Mo. (p. J!m)) 

(A,M) I). .1. Miirniv Mf)i. Ci»., Il)24-3rd Avi-., Wausau. 
Wis. 

(A,Bic) IVlaAara Blower Co., 405 LexInAtoii Ave., 
N.Y.C. 17 (p. H?) 

(\,H;n,b,i;,il) llecn Prndui l.H Div., Hi-friKeraLion I'inicrK 

Ci)rp., 2020 Nauilain St., 1’liila. 4(i, Pa. 
fA,B:b,d) HerrlAcnitlon Appliances, Inc., 917 W. 

Lake .St., ChIcaAo 7, 111. (p. 2M/) 

fA,Bia,li,J) RefrlAeratloti Kconoinlcs (in., Inc., 1231 
'ruBcarnwas St., (iuntoii 4, O. Fp. 1^7) 

(A,Bid) RefrlAeratlon KnArA-. Inc., 7250 E. Slauson 
Ave., Los AnAcles, Cal. (p. ).%') 

fA,H:u) Rcmni; Co., 340 N. Sai'ninii'iiln Hlvd., ('liicaKO 
12, Ill. 

(.\,M:imI) HiKidbilt, Ini;., 2850 . r'ullon SI.., Cbicapn 12, 

111. 

(A.H:ii,ii,i-,(i,c,r,K;i siijifi-ri.iii Curii.. 1020 i-:. .5 !mii si.. 

Liih .Aiiiri'li'H 1, ('al. 

(u) Surfiici' Ciiiiibu.sliiiii Cnrii,, 237.5 Dnri Si., I'ulnln 1,0, 
lHiil,r,|i;.l 'I'l'iiin’V I'iiiartE■. liu'., ill vi-. P . Newark 5, N ..I . 
(A,B:h,c) Vllter MfA- Co., 2224 8. Isl St., Milwaukee 
7, Wls. (». SS) 

(c,c) WorthlriAton Pump Si Machinery Corp., Har¬ 
rison, N.J. (p. 144) 

(.\,ri ::i,f,d,f) XL llefriKeruliiiK Cn., IS3-1 W, .5'Jth .SL, 

I 'liii-aKii 3(i, 111. 


IJNri’ COOLERS BELOW .32“—FLOOR MOUNTED 

(A—.Ammonia; B—Other refrlAerants) 

(u—Reverse cycle; b—Electric; c—Brine spray; d— 
Water; e—Glycol; f—Warm air; A“Ulhcr) 

(A,Bic) Acme Industries, Inc., Mechanic & (iansnii 
Sts., Jackson. Mich. Cp. :3JI) 

(A,Bia,c,e) Baker RefrlAerallon Corp., S. Wind¬ 
ham, Me. (p. ri’.ir) 

(IV.d) PijLk Corp., 44.5 .Slate St., Hammond, Iiid. 

(.\,M:ri MulTtiln I'n., 217 MnrliiniT SI., IlufTuln. X.V. 
(A,B:dF Bush MfA- (io., 179 South St., W. Hartford 
10, Ct. i p. 40 ) 

(A,Bid) Carrier Corp., 302 S. Geddcs St., Syracuse I, 

N. Y. ip. 3r,) 

lAic) Creamery PackaAe MfA-. Co., 1243 W. Wash- 

liiAlon Blvd., (ihIcaAo 7, 111. (m. 4'^) 

(.\,P:a,b,r.,d) Drayer-HanBon, Inc., 3301 Medford St., 
Ldb AnseleB 33, Cal. 

(A,B:a,c,d,r) Frick Co., Waynesboru, Pa. (p. HI) 
(B) FriAldalre Dlv., Gen’l. MotorB Corp., Dayton 1, 

O. (p. 17) 


I (A,B:a,b,c,d) Clay Eiigi'K. Co., 2730 E. 1 llh St., Lob AngcleH 

! 23, Cttl. 

j A,B:B,d) Howe Ice Machine Co., 2K25 Montrnse 

I Ave., ChlcaAo JB, 111. Cp. lOM 

! r.A:i') liuluBtrial Mf^. ife EiierK- L'n., 384.5 .\. HaviMiH- 

wond Ave., CMncann 1.3, 111. 

I lAHif) King tin. 002 N. Cedar .St., OwatnniiM, Miiiii. 
(A.c) KohlenberAer EiiArA-Corp. 1600 W. Cummiiii- 
wealth, Fullerton, Cal. Ip .'t.'/) 

(A.Bid) McQuay, Inc., 1600 Broadway, N.E., Min¬ 
neapolis 13, Minn. (p. ipp) 

>^A,B:b,c) Mario Coll Co., 6135 Manchester Ave., .St. 

LouIb 10, Mo. (p. 20fi) 

(A,B:b) NlaAara Blower Co., 405 LexlnAton Ave., 
N.Y.C. 17 ip. <t7) 

lUj Head Mar-Iiineiy Div.. Staiirliinl .SinkiT Cn , Iiie., 
'N'ork, Pa. 

(A,ll:a,b,[:,d) IL'cn PrniliietH Div., lii‘fri|£rTal.inn Enurji. 

Corp., 2020 Niiiiilain .SL, Phila. 4li, Pa. 

(A.Hid) KefrlAeration Appliances, Inc., 917 W. Lake 
St., Chicnjjti 7, ill. (p. Jnl) 

(A,Bia.b,c,d) RefrlAeratlon Ecopiimics (in., Inc., 
1231 E. 'PuHcarawaN, .St., Canton 4, 1). (p. IU7f 

(A,B,u,d) RefrlAeratlon EnArA-. Inc., 7250 E. Slau- 
Hon Ave., Los AnAeles, Cal. fp. 

(A.Hie.d) HiKiilbilt, Ine., 2H.50 W. Fultnii SI., ('liinaKn 12, 
Ill. 

(A,H;d) .Stfw'art lee Machine Cn., 1282 W. IhL .St., Pi>- 
luoiui, lial. 

(A ,M:a,b.i-,tl,f,f,u) SupiM’-l'nlil finrp. 1020 Iv .5'ltli Si. Ltis 
Aiiki4i‘h 1, ('al. 

(k) .Surface Coiiibu.'^tiiMi Corp., 237.5 1 )nrr .St., 'I'nleiln 1, D- 
iH:k) 'reniie.v I'iiiuri;., liii-.,2ip .Avf. IL Newark .5, .N..). 

(A,B:a,c) Vllter MfA- Co., 2224 S. 1st St., Milwaukee 
7, Wls. (p. 

(c,d,B) WorthlnAton Pump & Machinery Corp., Har¬ 
rison, N.J. ip. 144 ) 

(.A,n:B,c) XIj RefriKnratini;' Co.. 18.34 W. .5!)lli .St., Clii- 
eaKo 30, Ill. 

(A,B:c) York Corp., York, Pa. ip. 


UNIT CUOLERS BELOW 32'’—WALL MOUNTED 

fA-Ammonia; B—Other refrlAerants) 

(a—Reverse cycle; b—Electric; c—Brine spray; d— 
I Water; B—Glycol; f—Warm air; A“Other) 

(H:b) American Coila (>□., 2.5 l.exijiKtmi .St,, Newark. ,5, 
N.J. 

(A,B;a,c,c) Baker HefrlAt^ratlon Corp., S. Wind¬ 
ham, Me. (p. 

j (M:!Lb,d) Hetz f'f>rp.,44.5 Sluir'.Sl., Maniinniul, liirl. 

I (A:c) Creamery PackaAe MfA- 13».. 1243 W. Wash- 
InAlon Blvd., ChlcaAo 7, ill. (p. 4 I 1 ) 

i (A,I3:a,b,r-,d) Drayer-Hanson, Ine., 3.301 Medford St., T.ns 
AnaeleB 33, Cal. 

(11) FrlAldulre Dlv., (H*n’L Motors Corp., Dayiim I, 

i D. (p. 17) 

I (A,H;a,b,c,d) Gay Engrg. Co., 2730 IL 11th .St., Los .An- 
geles 23, Cal. 

f.A,H;f) Iviiig l’i>.. 002 N. f'(*ilii.r .St.. I.)w!i 1 iiiniii, Minn. 
|A,c) KohlenberAer EnArA- Corp., 1600 W. (^lom- 
monwealth, Fullerton, Cal. I ij..'?.'>) 

(A,B:d) McQuay, Inc., 1600 Broadway, N.E., Min¬ 
neapolis 13, Minn. (p. J.'fO) 

(A,B:b) Mario Coll Co., 6135 Manchester Ave., St. 

Louis 10, Mo. (p. ^0(7) 

(A,H) D. J. Murray Mfg. Cn., 1024-3rd .St., Wausau, 
WiB. 

(A,Bie) NlaAara Blower Co., 405 LexlnAton Ave., 
N.Y.C. 17 ip. U7) 

: (.\,H:tt,b.c,d) Heeo PriniuctB Div., HefriKeratiDii Eiigrg. 

Corp., 2020 Naudain St., Phila. 40, l\i. 

(A,Bia,b,d) RefrlAeratlon Appliances, Inc., 917 
W. Lake St. ChlcaAo 7, Ill. (p. 

(A,R:a,b,d) RefrlAeratlon Economics Cii., Inc., 
1231 E. Tuscarawas SI., Canton 4, D. (p. 1})7) 
(A,B:d) Refrigeration EiiArg., Inc., 7250 E. Slauson 
j Ave., Los Angeles, Cal. (p. ]f)fl) 

fArd) Sterling Mfg. Cd., 2.523 Furnam St., Omaha, Neb. 

I (-A,H:a,b,e,d,f,f.B) Siiper-I'nld Curp., 1020 E. .5mh .St., 
i liOB Angidi'S 1, Cal. 

I (k) Surface Conibustion Corp., 2375 Dorr .SL, Toledo 1,0. 
|Hid,r,K) Tenney Enarg.. Iiii-., 21) Ave M. Newark .5. N..I. 
(A,Bib,c,d,e,f) Vllter Mfg- Co., 224 S. 1st .St., Mll- 
I waukee 7, Wls. (p. 33) 

' (.A,B:b,c) XL HcfrigcrntinR Co., 1834 AV. 53th St., Chi- 

i cago 36, III. 

Ynrk Corp., York, Pa. 


(p. 62) 






Refrigeratiun Classified 


UNIVERSAL JOINTS 
VALVES 


IINIVI-RSAL JOINTS (See FLFXIDLF I OlTPLINl.Si 

V-BFLIS (See BELlS & BCLTlNf.) 

VALVL DISCS, FLAPPERS, RFFOS, WAFERS, etc 
Arme IndiiHtnal Ct) 205 N T aflin St rUiiann 7 Ill 
V III Diiiatir 1 11111)1 r tl uri ( iiiitn 1 t Iiii 5J1J Pul mki 
H Phiiudi Ipliiii 44 P i 

CliiraRo Seal Co ^12 S Hovul Avb Cliii-aBO 20 Ill 
l)[la\aii MIk C iirp iODH (i(li A\i D^h Muiiuh H Iil 
D ilnut Stamping ( n 4 IK Miilland \vi Dilruil t I 
Mich 

Henry DisHlnn A Sniii Inc Tacrinv Pliiia 35 Pa I 

Hammd Dahl C □ 24J Richmond St PrnvidcncL t R I 
I r»lip ( o \ alltv Brnuk A (irant Avi I vnilhurnt N T 
‘‘lanrlvik SIllI Ini 111 Ktli A\r NA ( 11 

I H H \ DBH r D 785 E 144th St N \ C 54 I 

VAlVr PAI KINGS (See (MSKIIS) 

\ALVI POSITIONERS 

\uloiiiitii 1 emppratiiri ( niitrul ( u Int 5212 Pul uiki 
AVI .Phili 44 Pi 
ItriBtol r u Walcrburv 20 Ct 

llrown IiiBtruineiit ( o Uiv MiiinDapolifl Honoywell 
RcRulalorLo 4414 Wayne Aye Pliila 44 Pi 
t urinfliji^ t orp 2100 Arch St Phila 2H Pa 
I I HI III r iV Pm 1 11 ( II 11 ithm II P i . 

IlimiiiLl Dahl ( □ 241 Richmond St Proiideiiip i 11 I I 
liihiiHiiii Sir\ni I I 507 I Miiliigiii A\i Milainkii 
22 ANih 

\l iHiii NI iliii Hi gill il I r I I I I 'Ml \il iiiiH M MuhI i i _ 4 

M IHfi 

MlnneapnllB-IIoneywell ReHulatur ( o , 29T3-4th 

Ave , S , MlnncapullN H, Minn (p < ) 

Moort? Products to HAT ycomiiie Stu Phila 21 Pa 
I ivlnr liisl riimi 111 ( iin 15 Anita St Hut hi el tr I N \ 

A hi elm liiatruini iita L ii llurriaoii A Pi ona SIh f In 
cagD 7 111 


VaI \FS (See pariUular type under type name or 
following) 


VALVES, AMMONIA I INE 

\slitiiii \ il\i ( f 41 KLiidni k M Wn Mill nil M ihh 

Baker Relrlgeratlnn (^orn , S Windham, Me 

(p ti) 

f ranc Co , HJ6 Michigan Avc , I hlcagn 5, Ill 

(P ifn) 

I reamery Package Mfg Co , 1243 W WaRhlngton 
Blvd , Chicago 7, III (p ^ 0 

OersLli, Geaaweln & Ncuert, Inc , 4H45 W Grand 
Ave , Ghlcago 3<l, III fp 40 

Frick Go , Wayneaboro, Pa (p /I 

Iliiirimtl Dahl to 241 Riihmoiid St Pro\uhnrt 1 R 1 

Henry Valve Co , Melrose Park, III (p fi'^) 

Kcroteat Mfg (^n , 2525 Liberty Ave , Plttaburgh 22, 
Pa [P ' ) 

Klingerit Inc IG lludaon St ( 11 

Kohlenberger F ngrg ( orp 1600 W ( iimmoiiwcallh 
Fullertiin, I al (p ^ J 

I uni I iilii iriirr ( n LiniinnLtil4 0 

H A Phlllipa fli ( D 3255 W I arroll Ave , I hlrago 
24, Ill fp /4-") 

I vruN Shank I o , 623 W JaikHon Hlvd , 1 hlcago 6 
III IP / 

Vllter Mfg Go , 2224 S lat St , Milwaukee 7, Wls 

(P 

Henry Vogt Machine f » 10th A Orniahy St T ouibmUl 
10 Ky 

Wataon-Stillman Go , Roselle NJ ip III 

Worthington Pump & Machinery Corp , Ilarrlaon, 

NJ (P lU) 

XL Fit frigerating Co 18.14 W SOtli St t hicago 30 111 
York C^orp , York, Pa (p *') 


VAL\FS, ANGLE, GATl , f.EODF etc, for AIR 
SIEAM, WAIFH, etc 

^ D Andcraoii f ii 1115 \V 'Mith st I IimIlihI 2 H 
Ashtnii A il\ t L □ ,41 Ki iidi it k \\ n lit h mi, Muhh 
A utomatic Temperature Control t o Inc 5212 PulaHki 
Avb Phi III 44 Pa 

Bailey Meter Co 1050 Ivanhoe Rd Cleveland 10 O 

( Continued) 


i^ENR'^ 

Balinced-Action Di^thrigm 
Packless Valves 

BLUE BANTAM TYPE 

I M II M I) llil ‘.hill nil 
V iK I Hill III iiIiIl I 
1 iiiiiiLL Lion 1 mil I II 
Mill 111 I I I I 0\ I II III 
Liii L s IS S I A \ 11 \ K I) 
hill L \i 11 I ill il 111 

|il I 1Ill L linn L III III 

spt U I 01 111 1 i 1 M liil V ih i s 111 tin hi i i l s 

Mill I'l SlIUl sill III I IIII ill 1| 111 I^IIIS Hill 
1 il lining ilniiiiil \Mth ^ il\ r in rlnsi 1 ]insilinn 
SI I /I s ' 1 " Il ni ■' 'Hill 111 I I t I) s I ill I 


STANDARD TYPE 

I w I w i\ It im 11 si III 

I If mil 'iin It tipis 

II III II I I U I 11 mil 
Il II s H n I I \ | HI I n 
1 ni^i in 1 11 Ilk'";- >N P> 

Is I 1\ III ll II I I I L i I 

I I iss 1 l\ HI I 1 I Hill L 
] ris III liiu HUH In i 
h III il 1 I HI 1 IIIIH h I 

II I I I Ill 111 I I I mil s 1 11 1 I nip H I 

It I I I II I I I in I II I I fn I I 

t n n I 11 i III lit un I I 11 in Si k 1 

I/I s ' I 11 I II s Hill ll Ml I III) 

S| 1 Ili ’4 11 I II I 111 


WING CAP PACKED 
VALVES 

I'loii/i mill s ll It I 
I Diim 1 1 Hill MI kI *1 ' 
till mi,li I V I 1 s 
si/i s ' llirii ‘m 
t) I) ^ 1 H I si f ( I 

will I I* 1 L 011111 

III II III jIu Hill 

iiif.li tvjis si/LS llirii - Sirtiisiiil 

vMlh hiillL 1 hnmiMs mil si|IIlil Mini] miiiii 
11 iiikt s VM ill hi iss l 111] III i s I () h Siilih I ) 
I'm" thiu i’h" I 1 ingiil \ ilvts ilsn iv ill 
iMi with sttil liil|iiiLis fill wlIiIhUk Id pij i 
I 4 tlini s" J P S 

Noil I ol itlllf, M I 1 Ll lllll SWIM I SUlll llisi 
1 I k s( ihiif. ti)][timl IL] iikiii]^ uiiiltr pres 
sun wriiul sijiktl III loi nf wiiif. i if In 

1 I 1 1 III \ iIm: 





WRITE FOR CATALOG 
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APPROVED FOR USE BY THE ARMY • 
NAVY ■ COAST GUARD AND THE 
MARITIME COMMISSION. 



204 VALVES 


Refrigeration Classified 


VALVES (Cunilnued) 

DaBtian-BloBBing Go., 4201 W. PeterBuii Avc., ChiciiEu40, 

111 . 

ThomaB Beckett & Co., Inc., P.O. Box 7354, DbIUb 2, 
Tbx. 

L. J. Bordo Co., Inc., 116 Now St., Glenaide, Fu. 

CliBBG BrBBB & Copper Co.. 236 Grand St., Waterbury 91, 
Ct. 

Jamea B. Clow & Sons, 201 N. Talmaii Ave., Chicagn 12, 
Ill. 

Conoilow Corn., 2100 Arch Si., Fhila. 28, Pei. 
Gonaolidated Brass Co., 139 Suinrnit, Di^troit 9, Mich. 

Crane Co., 836 Michigan Ave., Chicago 5, 111. 

(p. lO.h) 

Uarling Valve &, Mfg. Co., Foot Wiilnut St., Williamsport, 
Pa. 

Edward ValvoB, Inc., Suhsidiary of Jluckwell Mfi? Co , 
1200 W. 145 St., E. ChicaKij. Iiul. 

I'airbankB Co., 393 Lafayette, N.Y.G. .3 
Flori Pipe Co., 601 E. lied Bud Ave., St. Louis, Mo. 
Frick Co.. Waynesboro, Pa. (p. ■</) 

IL F. Goodrich Co., 500 S. Main St., Akron. 0. 
tiniini'll (Ni., Ine.. 2(50 W. Exchange St., Providence I, 
ILL 

llanimel-Oahl Co., 24.3 llirhYnond St., ProvidiMire-3, U.I 
Iluyfi Mfg. Co., I2th & Libcriy Stfi., Eric, Pa. 

Henry Valve Go., Melraae Park, HI. (p. 

JenkiiiB BroB., 80 White St., N.Y.G. 13 
.JergUBon Gage &. Valve, 87 Felleway, Somerville, Miibs. 
Kiuinedy Valve Mfg. Co., Elmira, N.Y. 

KeroteHl Mfg. Co., 2525 Liberty Ave., PlttHburgh 22, 
Pa. If). 

Klingeril, Inc., ID Huduon St., N.Y.G. 13 
Krihlenbergcr Eiigrg. f^orp., 16110 W. l^nmnnm- 
wealth, Fullerton, Cal. (p. .Vh 

Ludlow Valve Mfg. Co., Inc., Font of Adams St., 'I'rov, 
N.V. 

liunkeiiheiirier Co., Beckman St. A Waverly Avc., Gin’ti 
14, 0. 

A. V. Mi'Doniild Mfg. Co., 121li A I’inn Sts., Duhiniue, 
la. 


SUPERIOR 

Diaphragm Packless 
LINE SHUT-OFF VALVES 



] 


t 


For long, trouble-lrEE valve lervicE re- 
mEmber to ipecify Superior. The rugged 
conikruction and the engineering "know¬ 
how" built into each valve ii ysur 
aiiurancB for longer, leis-eiipcniivE 
lervice. Write today for further informa¬ 
tion or our Catalog R-4. 


SUPERIOR 







valvB A fittings co. 

1509 W. Liberty Ave., Pittsburgh 26, Pa. 


Maid-O’-Miat, Inc., 3217 N. Pulaski Rd., Chicago 41. 111. 
Miiiiriing. Maxwell & Moore, liir.. IJ Elias Si., Mridgi- 
port 2, (.3. 

.Iiiines P. Miir.'ih Corp., Skokii^, 111. 

MlnneapollB-Honeywell Regulator Co., 2933-4th 
Ave., S., Minneapolis 8, Minn. (p. dTj 

Mui'ller Co., 512 Cerro Gordo St., Uccatur 71), 111. 
National I^ead Co., Ill Broadway, N.Y.G. B (Lead ik 
].iC:ad-linEMl) 

W'. H. Nicholwon it f hi., 209 Grcgnn St., WilkeH-Barre, Fa. 
Nordstrum Valve Div., llockwell Mfg. Co., 400 N. I.^x- 
ington Ave., Pittsburgh 8, Pa. 

C. A. Norgren, 222 Santa Fn Drive, Di;iiver, Colo. 
Northern Induina BniSH Co.. 935 Plum SL, Elkhart, Ind. 
ILK. Porter & Co., Ine., 49th A llarriBOii Sts., PittHburgli 
l.Pa. 

CyruH Shank Ihi., 623 W. JackNoii Blvd., Chicago 6, 

III. (p. /-' 7 -jJ 

.John Simmons Co., Iiii;., 50 Church St., N.Y.G. 7 
Strong. Carlisle it Hammond Co., 1392 W. 3rd St., Cli;vi‘- 
laiid 13, f). 

Superior Valve & FlllIngH Co., 1509 W. Liberty Ave., 
Pittsburgh 2b, Pa. (p. 

3'iiylor Instrument Cos., 95 Ames St., Rochester 1, N.V. 
'I'rane (]u.. La Crosse, Wls. (p. 7/rS i 

Vllter Mfg. Co., 2224 S. 1st St., Milwaukee 7, Wls. 

(P- 

Henry Vogt Machine Co., 10th A Ormsby St., [^ouisvilli' 
iO, Ky. 

Walworth Co., DO E. 42iid St., N.Y.C'. 17 
Watson-Stlllman Co., Roselle, N.J. (p. Ill) 

White Flomatic Corp., P.O. Box 2D7, Huosick Falls, N.V 
Witieiimeier Machinery L'o., 850 N. Spaulding Avc., Clii- 
cago ,51, 111, 

Worthington Pump & Mathlnery Corp., Harrison, 
N..f. (p. 144) 

York Corp., York, Fa. (p. 7-^) 

VALVES, CARBON DIOXIDE 

Ihistiaii-Hlcaaiiig Co., 4101 W. FcIcrHon Avi*,, Cliir;agf)4n, 

HI. 

Conoflow Corp., 2100 Arch St., Pliila. 2H, Pa. 

Crane Co., 836 Michigan Ave., Chicago 5, III. 

if). Uilf) 

Frick Co., Waynesboro, l*u. (p. 51) 

llannnel-Dahl fjo,, 243 Ilielimond St., Frovidi'iiee 3, R.l. 
Kerntest Mfg. Co., 2525 Liherly Ave., Flttsburgh 22, 
Pa. (p. 205) 

Vllter Mfg. Co., 2224 S. 1st St., Milwaukee 7, Wls. 

(p. 

Wltteiiineier Muehinery Co., 8.50 N, Spaulding Ave., t.'hi- 
cugo 51, III. 

Worthington Pump & Machinery Corp., Harrison, 
N.J. (p. I/,4) 

York Corp., York, Pa. (p. 5:J) 

VALVES, CHECK, AIR, WAl'ER (See CHECK 
VALVES) 

VALVES, CHECK, REFRIGERANT (See CHECK 
VALVES, REFKIGKRAN'l) 

VALVES, COMPRESSOR SHUT-OFF 
Baker Refrigeration Corp., S. Windham, Me. 

ip. 

Crane Co., 836 Michigan Ave., Chicago 5, 111. 

(p. 11 HI) 

Henry Valve Co., Melrose Park, Ill. (p. idU.i) 

Imperial Brass Mfg. Co., 537 S. Racine Ave., Chicago 
7, Ill. (p. 107) 

Jenkins Bros., 80 WJiite St., N.Y.G. 13 
Kerotest Mfg. Co., 2525 Liberty Ave., Pittsburgh 22, 
Pa. (p. ^05) 

Kohlenberger Engrg. Corp., 1600 W. Common¬ 
wealth, Fullerton, l^al. Ip. 3in 

Metrex V^alvc Co., 9900 Franklin Avb., Franklin Park, III. 
Mueller Brass Uti., Port Hunm, Mieh. 

Superior Valve Ik Fittings Co., 1509 W. Liberty Ave., 
Pittsburgh 26, Pa. (p. 204) 

XL Refrigerating Co.. 1834 W. 5.9Lh St., Chic:agD 30, Til. 
York fjorp., York, 1^. (p. 5£) 

VALVES, t:OMPRESSED GAS CYLINDER 
Crane Co., 836 Michigan Ave., Chicago 5, 111. 

ip. I OP) 

Darling Valve A Mfg Co., Fuot Walnut St., NN'iUiamsport, 
Pa. 
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Imperial Brasu Mfft. Go., 537 S. Raclnc Ave., Ghlcaitu 
7, 111. (ji. V)7) 

Kerntest Mfft. (^u., 2525 Liberty Ave., Pittsburgh 22. 

Pa. (p. sm) 

Murller Hrass Cri., Port Huron, Mirli. 

Superior Valve & Fittings Go., 1509 W. Liberty Ave., 
Pittsburgh 26, Pa. {p. : 80 ^) 

VALVES, EXPANSION (See EXPANSION VALVES) 

v alves, float, REFRIGERANT (See IIIGIISIOE 
FLOATS; also LOWSIDE FLOATS) 

VALVES, FLOAT, WATER (See FLOAT VALVES, 

watp:r) 

VALVES, FOOT 

13. Glow ife SoiiH, 21)1 N. 'rfilniiin Avc., GliinaKO 12, III. 
Goclirurir; Gurji., 17tli SL. bi'low Alln^iliiaiy .Ave., Philii.. 132, 
Pa. 

( '.onrillow Corp.. 2100 .Vrcli SL. Pliila. 28. Fa. 

Oane Go., H36 S. Michigan Ave., Ghlcagn 5, 111. 

(/». 

Dr.ining (’□., 884 S. Hroiidway, Siilern, D. 

Grove Regulalor Co., li52J lIolliH SL, Oakland, Cal. 
,lai:uzzi 13riiH., Ine.. .'il327 .facu/zi Ave., liiL-hnionil, Gal. 
.lenkioB llros., 80 Wliile St., N.V'.G. liS 
Kiaiiiedy V’alvi* INlfg. I'n., h^linira, N.V. 

LudlDw V'ulve Mfjf. Co., Ine., l"ool, of Ailaiii.s .Si.., Troy, 
N.V. 

.\, Y. McDonald Mfn. 121li A- Fine .Sla., Dubii'Uie, 
la. 

Sw.aby Mfg. Co,. '3818 W. .Armitage .Avp., I'liicago 47, 111. 
Walworth Co., 00 E. 42nd St., N.V'.C. 17 
Water Cuoliiig ('nrj)., 71 Nassau St., N.V.IL 7 
W iliiiiniH Gauge (hi., 11120 PiMiiisvlvaiiia .Avd., Pittsburgh 
12, Pa. 


I 

I 


! 


Bell & Gosseil Gli., 82011 Austin Ave., Mnrtiin Gnive, 

III- [),. i'r.LO 

llristnl Co., VVaterbury 20, C't. 

Brown Instriiinent Co., Div., Minneapolis-JJoneywell 
Hegulalor Co., 4414 W'liynu Ave., Phihi. 44, Pa. 
(yOiioRiiw lh>rp., 2100 Arch St., Phila. 28, Pa. 

Grane Go., 83b Michigan Ave., Ghlcagn .5, Ill. 

( ;;. I OH) 

Culler-Haininer, Ine., 315 N. 12 St.., Milwinikee 1, W'is 
Darlhig Valve it MIr. Co., Foot Walnut St., VV illiuinspori, 


Davis Heguhitor Co., 2511 S. Washtenaw .Avi' , Chieugo 8, 

111 . 

Edward Vhilves. Ine.., Subsidiary of Hoekwell Mfg. Go., 
1200 W. 14.5 St., J'J. Ghieagn, Ind. 

Griiinell Go., Ine., 2li0 W. I'Nehnnge St. Proviih-iiee I, 
HI. 

llainnu'I-Dahl Co., 24.; Hu limond SL, Providenee <’3, 11.1 

.lenkiiiH Bros., 80 W hite St.. N.VM!. HI 

(). G. Keekh-y Go., 41KI W'. Madison Si.. Ghieogo 0, III. 

Kennedy Valve Mfg. Go., Elinirn, N.V'. 

liinllow Valve Mfg. thi., Itir., I'ool of Adams St., 'Froy, 
N V. 

Hunkeiiheiiner Go. F n'kniaii Si., it VVavi-rly .Ave., Cin'Ii. 
14 . 1 ) 

Mlnneupnlis-Honeywiill Regulator Cu., 2933-4lh 
Ave., S., Minneapolis 8, Minn. ( 71 . r/?) 

VV\ 11. Nieholsini it Ih)., 201) Oregon SG. Wilkes-Barre, Pa. 

Nordstrom Valve Div., Hiii-kwell Mfg. Co.. 401) N. Lex- 
inglf -Ave., Pil.l.shurgh 8, Pa. 

Flulndelphia Gear W ks., Ine., G St. A I'.rie Ave., IMiila. 20 
Pa. 

'Faylur Instrument L'os., 05 .Ames St., Hoeliesler 1, N.V' 

Walworth I'o.. liO E. 42nd SL, N.V'.G. 17 


VALVES, NEEDLE (See EXPANSION VALVES, 
HAND DK NEEDLE) 


VALVES, MOTOR OPERATED 

l3arher-( ;olinan Go., Boekford, Ill. 


VALVES. PRESSURE RELIEF (See PRESSURE RE¬ 
LIEF VALVES) 


KEROTEST 

Everything You Need 


Refrigeration 
Valves & Fittings 

Line Valves, packed and packless 
2-way, 3-way, angle, globe 


from this 

Single dependable 
Source f 


CHECH 

FIRST! 


• MANIFOLDS 

■ RELIEF VALVES 

m COMPRESSOR 
VALVES 

• RECEIVER VALVES 

• EVAPORATOR 
VALVES 

• G-W CONTROL 
VALVES 


• REFRIGERANT 
CYLINDER VALVES 

• CHARGING 
STANDS 

• HERMETIC HITS 

• TESTING OUTFITS 

• SPECIAL PURPOSE 
VALVES 

• FiniNGS, all lypei 


• LIQUID INDICATORS 


KEROTEST MANUFACTURING COMPANY 


PITTSBURGH 32, PENNSYLVANIA 


OFFICES & WAREHOUSES: New York Cily, Chicago. Los Angeles, San Francisco. Hauslon, 
Dallas. Tulsa, Odessa, Tmas. Richmond. Atlanta. Toledo. SI. Louis, Charleslon. W Va 
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VALVES, RECEIVER | 

Oane Co., H36 Michigan Avc., Chlcaitn R, Ill. 

[p. 10!}) 

Frick CiJ., WnyneHbnrn, Pa. {p. fi!) 

Henry Valve C<o., Melrose Park, 111. (». 

Imperial Brass Mf^. Co., 537 S. Racine Ave., Cnica(S» 

7, Ill. [p. jon 

Kcrotest Mlft- Cii., 2525 Liberty Ave., Pittsburgh 22, 
Pa. (jj. :^or>} 

KnhlertberHer Knttrft. Curp., 1600 W. f^ommon- 
wealth, Fullerton, Cal. [p. HD) 

Muellur HruBB Uu.. Port Huron, Mich. 

Superior Valve & Flttlnas Co., 1509 W. Liberty Ave., 
PlttsburHh 26, Pa. (/>. 20J,) 

Vllter Mfft. Co., 2224 S. Ist St., Milwaukee 7, Wis. 

ip. m 

.\I. lierriKcraMiiK VV. Slltli SL-, CiiimKu .'iti, III. i 


VALVES, KEFRU;EKANT shut-off, NON-FER¬ 
ROUS 


SwiLch Co., 41 E. llLli Si., N.V.C. 3 
f 'liiiMC MriiHH A’ f'liiijiiT I'd., 2.‘Hi (Iriuiil Si.. VViil crlnirv 
1!(), ('I.. 

Full fill Syl|)lniii l)iv. Hrilii'rlulifi w-Full on rrm1riil.“ f'n.. 
Kiinxvillf 4, Ti-mi. 

Ceneral Controls Co., HOI Allen Ave., (Glendale I, 
Cal. (/). f!4) 

IlayB MIr. Co., 121 .h A Tjiberty Sis., I'rie, Pn. 


Henry Valve Co., Melrose Park, III. («. :^0H) 

Imperial Brass Mfa. f]ii., 537 S. Racine Ave., (]jnlcaflo 
7, Ill. (;i. 1D7) 

kerotest Mf|l. I]ln., 2525 Liberty Ave., Pittsburgh 22, 
Pa. (;». Jih)) 

Miirllci- UroHS Cn.. I’orl lluriin, Midi. 

I’axliiii-MilrIn'Il f !i)., 2(114 Marllio. Si.., OniuiiM, 5, Ncli. 
Superior Valve He Fittings Co., 1509 W. Liberty Ave., 
Pittsburgh 26, Pa. (/». 

Watson-Stlllman Co., Roselle, N.J. (/i. ///) 


! 


VALVES, RECULATINt; (See HE(;ULATORS) 


VALVES, SADDLE 

FlLirl)Jlllk^4 Cn., .T.IM l.ofnycl 1 1 * SI., N.'i'.C. 3 
Imperial Brass Mfg. (Jo., 537 S. Racine Ave., tillilcago 
7, Ill. (/I. 107) 

Walwrirlli I'll., Ill) 1]. 42iiil SI.., f’. 17 

VALVES, SOLENOID (See SOLENOID VALVES) [ 

i 

VAPOR SEALS ! 

.Mfol Div., Ridli'cl'il Corij., Uiri IC. 41(h Si., N.>M'. 17 | 

.Vmvrip.ito nituniulB Co., 21K) HubIi St., San FruneiBCO 4, i 
Ciil. ! 

,\nRier Coni., FnimiiiKhiini, Miibb, i 

llenjiimiii Foster Co., 4035 VV. Girard Avp., riiila. 31 , Pu. ! 
CcxioKloii Supply Co., 4815 LeviiiKlon Ave., I.'levdiiiul 3, 

O'. . I 

Miiiiii and Steele, Inc., 130 Lister Ave., Newark 6, N.,F. j 
Sinalkmlt Co., 205 W. Wackcr Dr., Chicago C, III. 1 

Staneal .Asphalt i\c llituiiiulB I'o., 21)0 Biisli St.. 8uii Fran- | 
ciaeo 22, Cal. I 


VARIABLE SPEED TRANSMISSIONS (Sec SPEED 
CHANGERS) 


VARNISHES, INSULATING 

II. 1. duPonI deNeniours Co.. Im;.. Wilniinglon OH. Del. 

General Elec. Go., 1 River Rd., Schenectady 5, N.A'. 

Glidden Co., 111)01 Madismi Ave., CleviMand 2. 0. 

Grand KunidB VariiiBh Carp., 1350 Steele Ave.. S.VV., 
Grand llapida 2. Mirh. j 

.A. C. Ilorii ('ll., Inc., lUlli ,SI. A- 44th Ave.. I..iiiig Island : 
City 1. N.V. I 

Maas & Wiildslein t o., 438 Riyeraide Ave., Newark 4, 
N.J. 

Midland Paint it VariiiHli Cn., 3801 M. 01 h 1 SL, Cleveland | 
5. 0. ' 

Pittaburgh Plate GlasB Co., 032 Duquesne Way, Pitts¬ 
burgh 22, Pa. 

Sherwin-Williams Co., 101 Prospect Ave., N.W., Cleve¬ 
land, 0. 

Vita-Var Corp., 1180 Raymond Blvd., Newark 2, N.J. 


VEGETABLE REFRIGERATORS (See DISPLAY 
GASES) 


VENDING MACHINES, REFRlGERAI'ED 

Artkraft Mfg. Corp., Kibby St. iSc D.T.AI.R.R., Lima, 0. 

Itastiun-BlesBiiig Co., 4201 VV. Peterson Avt*., Chicago 40, 
111 . 

Cole ProduetM Corn., 311 Lii Salle St., Chicago 3, Til. 

General Vending Machine Corp., Ml) WC W'ashinglon 
Blvd., Chicago ti. Ill. 

liealthllow, Iru*.., Harnett Bank Bldg., JackBonville 2, Fla. 

Hud.sun Products Co., Inc., 4400 St. Aubin, Detroit 7. 
Mich. 

Hupp Corp., Refrigeriition Products Div., 1250 W' 7()lli 
St., Cleveland 2, t>. 

Interstate Eiigrg. Corp., 2250 11. Imperial Ilighwy., Ml 
St^guiidii, C.'il. 

f). D. .leiiriingH *t. Cn,, 4300 W^ Lake St., Chicago 24, 111. 

Mills Industries, Inc., 4100 W. FullcrCnii Ave., Chi¬ 
cago 39, 111. (p. .'7.^1 

llcvco, liic., Deerfield, Midi. 

Spacarb, liie., 311 E. 23rd St., N.Y.C. 10 

Veiidorlatnr Mfg. Cn., 4000 liailriiad, FreHiio, Cal. 

VVilHiin Itefrigi'ralion Inr., S. Miiiii Si.. Sniyrnii. Del. 


VENEERS (See Pl.YWODD) 


VENTILATORS & VENTILA1TNG SYSTEMS 

Acme 10i|uip. (’o., 205 E. B'w.ay, MiiHkngee, Okla. 

.Air iV. Rl•^rigl•r!^l■ilMl thirp,, 475 5lli Ave., New Vnrk 17, 

Air Ueviees, Inc., 17 E. 42nd St., N.Y.C. 17 

Allen Ventilutt)r Div., T'loduclinn Planning Cn., 704 
VVtjndward, HndicHt.er, Midi. 

.Aini'riran lUnwer (’nrp. Div. nf ,Ainerie:i,n llailiatnr it 
Staiidiinl Sajiitiirv f ni n., HI 11 Tireimin Ave.. Delrnil 
32, Midi. 

American Ijurson VentiLutiiig Co., 1001 Keystnne Bldg., 
Pittsburgh 22, J^i. 

Arex Co., 333 N. Midiigan Ave., Cliiciigo 1. III. 

Bishop & Babcock Mfg. Co., 4!)01 Hamilton Ave., N.E., 
Cleveland 14, D. 

R. 11. Bishop it Co.. lOil N. 2iid St., ('hainpaigo, Ill. 

Burt Mfg. (’n., !)32 S. High St., .Akron 11, O. 

Chelsea Fan it Blower Cn., Inc.. 11311 Snulh Avi .. Plain- 
lidil, N.J. 

Chicago Blower Cnrp., 45.SH V\ . ('niigri'SH SI., Chicago 24, 

Ill. 

De Bntliezat Fan Div., .Aiiii'iiean Maehini* it Melaln, 
Inc... E. Moline, III. 

Elcctroveiit Fan it Mfg. Cn., 812 W", Tvake St., Cliieagu 7, 

111. 

Emcraon lOlec. Mfg. Co., 8100 Florissant Ave., St. 1/OuiH 
21, Mo. 

Hart dt Cooley Mfg. f.'o., 500 E. 8th St.. Holland, Mich. 

Hartzcll Projidler Fan Co., Div. of C’aatle Hills Corp., 010 
S. Downing St., Piriuu, L). 

Ilg Elec, it Ventilating Co., 2850 N. Crawford Ave., Chi¬ 
cago 41, 111. 

King t>o., IU)2 N. Cedar St., Owatoiina, Minn. 

Knowles Mushronin Ventilator Co., 583 Upper Mountain 
Ave.. Upper Montclair, N.J. 

Lau Blower Co.. 2007 Home .Ave., Diiyton 7, 0. 

Lockjoint Wood Products Co., 1721 Mildred Ave., Wich¬ 
ita 7, Kan. 

Martin Fan it Blower Co., 4C34 W’. 2lBt Place, Chicago 
50, 111. 

Alaysteel Products, Inr., 740 N. Plankington Ave.. Mil¬ 
waukee 3, Wis. 

Herman Nelson Div., .Amerii'aii Air Filler Co., Inc.. 
1824-3rd .Ave., Moline, 111. 

John J. Nesbltr, Inr., Fhlhi. 36, Pa. (p. D) 

Paasdic Airbrush Co., IDOJ Diversey Pkwv., Chicago 14, 
HI. 

Riibbinfl it Myers, Ine. 1345 Mugomla .Ave., Spriugfield, D. 

St. Louis Blow Pipe A Healer Co., Inc., Div. of Skinner 
Heating A Venlilatirig Co., Inc., 1048 N. 0th St., St. 
Louifl G, Mn. 

B. F. Sturlevant Div., Westlnghouse Elec. Gurp., 
101 Reuilvllle Sc., Bnstnn 36, Muss. (p. 2.^) 

O. -A. Sullnn Cnrp., 1812 W. 2nd St.. WiL-hitii 1. ICaii. 

Swartwnut (’o., 1S511 Eudid .Ave., f 'leveland 12, O. 

Trane Go., La Crosse, Wls. (p. IIS) 

U. S. Air Cundltlunlng Corp., Cornu Ave., S.E., ac 
33rd St., Minneapolis 14, Minn (p. 37) 

U. 9. Register □□., 344 E. Burnham St., Rattle Creek, 
Mich. 
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VENTILATORS, WINDOW 

AcniB Kquip. Cu., 205 K. IVwny, Musku^tM-, Oklii. 

Hurt Mfp. Co., 032 S. High Ht., Akron 11, 0. 
iMioIbch Fun ifc Hlowcr f'o., Ini-., Ii3!l Soiilli Avi-., IMfiiii- 
fiHrl, N..F. 

|)n Houhcztil FiiiiH I)iv., .\in(.'rir.')in Mai-liiiiM it 
Ini'., C. iMulini'. HI. 

llg Elec. & Veiitiliitiiig Co.. 2H50 N. (-niw/nrcl Ave., Clii- 
Ciigo 41, 111. 

Liiu niower Cn., 2fH17 llomn. .Avi'., Duyl.nn 7, 0. 

Martin Fan & Hlower Co., 4034 W. 2lHt riar.c, Chirugn 
50. Ill. 

PiuiHr'liF^ Airbrush Co., 1 DOI) Divorscy Pkwy.. Chit-iLgo 14. 

Ill. 

I’iqua Miii'liiiic it Mfg. ( 'o., A'riiiiig it ('nnliilei' SLs.. 
Finuii, D. 

IMi^asantairi! Corp., 14tli it K 81 s., N.W., VVasliingion 5, 
D.C. 

1'n‘iuiiiiii FliiHlics, ini'.. 025 Siih'in .Avi*., nnyl.im li, It. 
HMl)bin.H it Mvith, Inr., 134.5 I.iigmnla .Avi .. Springlii'lit. 
11 . 

II. .\. Sul I nil I 'lirp., I .SI 2 W. 2inl SI., \N ii'liil:i. Fan . 
'I'rane Co., La Crosse, Wis. (ji. I Is) 

F. S. frypsuni Crj., 301) W. Ailiinis St., Chirago 0, 111. 


VESSELS, PRESSURE (See PRESSURE VESSELS! 


V IBRATION ABSORBERS, LINE 

Allieil Mihiil llnsi' 37-40 Dili SI., liOng Ishinrl (‘ily, N.V. 
American Brass Co., Waterhury HH, Ct. (/). ISH) 

Anii'i'ii-an Dislricl ,Sl i*jiin Cn., Hryiinl SI., N.’rnnawaiiiia. 
N.V. 

.1 Ihiiitii' Metal Ilnse Co., Inn., 123 W. tilth St,. N.Y.C. 23 
Hjirno Mfg. Co., 1801 W'’iniieinan. Ave., Chicago 40, Ill. 
Chicago Mutal Hose (’orp., MaywoiKl, 111. 

FclipHC Aviation Metal IIobl* Dept., Div. of Hcnilix Avia¬ 
tion Corp., riiila. 41, Pa. 

Filin it Cn., 2850-,5th Ave., N.V.t'. 30 

H. F. Coorlrielj Co., 500 S. Main St., Akron, (). j 

Cooilvear 'Pire it Rubber Co., 1144 E. Market 8(., .Akron I 
10, [). 

Crinni'll f'n,, Inc., 200 W Exchimgi* SI.. Pruviilcnri* 1, i 

I 

.Inhn.son Metal Moer.- Co., 220 Mill St., VS aterbury 88. Ct. i 
Kclviiiaror Dlv., Nash-Kelvlnator Corp., 142.5(1 | 
Plymouth Rd., Detroit, Mich. (p. i.^/j 

P[ickh‘M.H Mi'lal PrnduelB Cnrp., 31 VVinlhrnp Ave.. .New i 
Roi'h ‘lie, N.V. I 

HesistoHex Corp., 3!) Plansoen St., Ilidlevilh; D, N.J. : 

Seamlox Co., Inc,., 4123-24th St., Long Island City 1, N V. \ 
Technillex Corp., .53 Jersey St., Port .iervis, N.V. j 

’I'ileflex, lni;.,30l.) Fri‘liughuyH:'n Avi*.. Newark ,5. N.,1. i 


RuybestoH-Maiihatliui, Inc., 01 Willett St., PuBBaie, N.J. 
Rector Mineral rradlnft Corp., Hi E. 43rJ St., N.Y.C. 
17 

Rubatex Div., threat .American Industries, Bedford, 
Vu. 

1 Sponge Rubber I'rndni ls ( n,, Il'tOII Derbv TM iee. ,'<liellnii, 
: I'l. 

i U. S. Rubber Co., 12.30 Ave. of the Amerii iis, N.V.i.’'. 20 
j V'ibrashiick Div., Rolnnson .Aviation, Ine., 'I'eterbom, 
N.J. 

! V'ibrjitiun ElLiiimator Co.. 10-28-17th Ave., Long IbIhiiiI 
i (atyl.N.Y. 

i V'iking Air Cninlilioniiig Corp., 5000 VVahMirIh .A\'r*., 
j Cleveland 2, 1). 

i VOLTMETERS (See MI.'I’EHS, ELECTRIC) 

: WALK-IN COOLERS 

(A—Self-contained ; H—Willi colls hut wllhiiul ciiii- 
densln|> utili; C—No colls or ciindeiisinU iinlrj 

' Alliiil iMpiip. Cn.. Ill) .N. 7lh St., M iiiiii'apiilie, 

! Mlllll. 

Ani.'inii KefrigiTalinn mr. .Aniiinn l;i. 
j ( A.H) .Viiirriciin Perrivernl ion I'ni-p.. 102.5 F. EM-i'liHior 
Ave.. IlnpUiim, .Minn 

i |A,B) Ai <i:i|>iill.s Yacht Yard, Box 7VI, Annapolis, 

Md. (p. 21!,'j 

! (C) lially I'asf it f Holer Co., Hally, Pa. 

I |A,H.('I Hovvser 3'l■l■||||il■.'l I l{ i‘rriger:i.l inn Di\'. HnwHer, 
I Ini'. Terryvilli', I 'I. 

I Carrier Corp., 302 S. Cediles Si., Syracuse 1, N.Y. 

(p. 2.-) 

11') I 'oininen-ial Cooler M fg. Cii., .57.311-121 h . i'^l.. I )el rni 1 , 
H. Mil'll. 

(A,R) Cru.>ie Hefrigeraliir Co., Ini-., 501 \V. Main St., Lou¬ 
isville 2, Ky. 

(.A, M,1') I )elaw:ire Relrigeralinn Co., K34 N . Ill li St. . I’hilii 
23. Pii. 

Delgro Mfg. )'n., Inr'., Honiilon, N ..I. 

(A,C) I'lsco Cabinet Cn.. Wept Clienter, Pa. 

( ClUlt MIJ/i'iY } 


MODULAR PANit 


VIBRATION ABSORBlNi; BASES & MOUNTINCS 

Apex Molded Products Co., 3574 Ruth St., Phila. 34, Pa. 

Armstrong Cork Co., Lancaster, Pa. (p. 7.12) 

Ihirry (nirp.,700 PleasanI SI . VVal itI own 72, .Mas.H. 
Hcitroii AHSiieiuLes, Ine., 225 Lafayette St., N.Y.C. 12 
Hishop it Habf I)i;h Mfg. Cn., 4!I01 Jlamiltnn Ave., N.E., 
Cleveland 14, 0. 

HushingB, Inc., 4358 Guoliilge llighwy.. Royal Oak. Mich 
fhjrk Import Ciirji., 1 Engle SI.. Eiigl- wiio.'l, .\..l. 
thjrk liiBulatiun Co., Inc., 155 E. 44th St., N.V'.C. 17 
Delgrn Mfg. Ihi., Ine., Hiiniiloii, N..I. 

I'ldlcrs (Hi., 210 South St., Hoston 1, Mass. 

Filin &, l.hi., 2850-5lJi Ave., N.V.C^ 30 
FireBtonc Industrial rroiluL'ts (Jo., 1200 Fireslnne Pkwy., 
Akron 17, (J. 

General I'lre & Rubber Co., Garfield St., Wabash, 
Ind. (p. 171) 

L. II. Cilmer Cn., Div. of F. S. Rubber ('o., 7230 Key- 
■stoiie St., Taeony. Phila., 35, Pa. 
n. F. (joodrich Co., 500 S. Main .St., Akron, IJ 
Goodyear 'I’ire & Rubber Cu.. 1144 E. Market St.. Akron 
Hi. 0. 

(fiisheii Rublier (Hi., Ine., Ilox 517, Cushen, Incl. 
Johns-Manvllle, 22 E. 40th St., N.Y.C. lb (p. t^n) 
Hrjbi. A. Keasbey Co., 133 W. 10th St.. N.V.C. 11 
KorfuJid Co., Inc., 48-5I-32nd Place, Ijiiiig iBlaiid (Hty I, 
N.V. 

Lord Mfg. Co., H)35 VV. 12Lli St,, Erie, Pa. 

MB Mfg. (;□,, Inc., 1000 Slate St., New Haven 11, Ct. 
Mundet Ciirk Corp., 7101 Tonnellc Ave., Nnrth 
Bergen, N.J. . 

New A'ork Belting it Packing Co.. 1 Market St., PaBsaie, 
N.J. 


WALK-IN COOLERS 

in ARMORPLY* or PLYWOOD 

for example: Mvbi CDDisn ■ Dairy 
I CDBlsri ■ Ieb Craam Hordaning and 
! Sfaroga Raomi ■ Fraian Faad Wara- 
houiai ■ LaEkar Rantal Uniti ■ Freai- 
ing Tunnsli ■ Tmt Raomi. 

FBD Cooleri hoVe been uied, proved and 
reordered by Slondord Brands, Bordens, 
Abboffs, Pel Dairies and many others . . . 
proof fhol FBD Modular Panel Coolers can 
meet your most SKacling ipeciFIcafions in any . 

! size or floor plan. Capacity 1 la 50 carloads, 

j Write For InformnUon Today. Address Depf. 3 

i FREEZER MX MVISHM 

'. AtMopolit'.Yddil Yard,-Ine.,:,, ■ 





WALK-IN COOLERS 
20B WASHERS 
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WALK-IN LUOLERS (Luntinued) 

(A,li,C) Evans Mf^. Corp., 400 S. 10th A vi!., Mt. Viinioii. 

N. Y. 

(A,B,C) FloetwDod-Airflow, Iiir., 421 N, Pcnna Avc., 
Wilkes-Barre., Pa. 

(A,B,C) Fogel ItcfriKcratnr Un., 5400 Eaduin fSt., Phila. 
37, Pa. 

(A,B) Ed Friedrii'.h, Inn., 1117 E. Conimeme St., Sail 
Antonio U, Tex. 

(A) Frlgldalre DIv., Gen’l. Motors Corp., Dayton 1, 

O. (p. 17) 

fA,M,i;) (ii'iri Il.i‘frifi;nra1.[)r f'n., lliS W. WymiiiiiK Avi*., 

Phila. 40. Pa. 

llardiT liffrini^riitnr Div., '1'vIit Fixture t ‘urn , Ciiljli*Hkill, 

N. Y^ 

fA,B,C) John llErrel A Sons Co., 244 Lnar St., f^olumhus 

ti. O. 

(A,B,C) Herrick Refrigerator Co., 1019 IJornmerclal 
Sr ., Waterloo, la. (ji. KJo) 

fA.P) v^. V. Hill & Co., Ino., 3(i0 PenniriRton Ave., Tren¬ 
ton 1, N.J. 

fB) llussmann Rcfrlaeratlon, Inc., 2401 N. Leffing- 
well, St. Louis 6, Mo. [p. ss) 

(.\,11,C) .fordon linfriKerator Co.. 5Hlh Si. A (Ir.iy’.s 
l*hilu,. 43, Pii. 

(A.U.C) lift f>nHHP. Coohir t’o., 280fl Lnw;y Hlvil., S., La 

(.A,H,(.') Jack Langston Co., 37(KI Elm St., Dallas 1, Tpx 
(A.U.C) LioKle llefriKeralnr f’li., Tun.., lllliK. 15th St., 
iNansaH City li. Mu. 

(B) McCray liefriKcrator Co., Kendallville, Ind 
(A.H.C) MastcrfreezG Corp., Sister Bay, W'is. 
MiiiiK^upoliH Show Case A Fixiurt* (’d., New Bii'hinnod, 

Win. 

(A,B) Murtuii Show Cases, loe., WashioKliiii Cnurthimse, 
D. 

(A,B,C) John Mowat RefriKeratrirs, llHlil) FoIhuiii St.. San 
Francisco 3, Cul. 

(A,B,f^) Nantieoke HcfrigcraiDr Maoiifaeturers, Corner 
Hill ifc Slope Sts., Nantieoke, Pa. 

(A,B,C) National HefriKerators Co., 827 Kwln Avp.. St. 
Louis 11, Mo. 

(A,B,C) Nulin Mfg. Co., Ine., IKK) Madison Ave., Mont- 
iviomcry 2, Ala. 

(A,B,C) Nor-Tiako, Im;., 2iiil it Elm Sts., Iluison, Wis. 
(!') 11. Perliek Brass Co., 31 lU W'. Meineeke .\ve., Mil¬ 
waukee 111, Wis. 

(A.B.C) J. P. PfeiHer & Son, Inc., 200 N. Paca St., Biilti- 
miim 1, Md. 

(B) FufTcr-Hubbard Mfg. Co., Grand Haven, Mich. 
(A.U.C) H cco Products Div., Hefrifreration En^rK- Corp., 
2020 Naudaiii St., Phila. 40. Pa. 

(A,B) C. Schmidt Co., John & LiviriKstuii Sts., Cin’ti. 14, 

O. 

(H) SnhwenKer-Klein, Inc., 720 Bobvar lid., ClevEland, D 
(A,D) Scog^nr llclriKoralor Co., 850 Arcade St., St. Paul 0, 
Minn. 

(B,C) Sherer-Gillett Co., S. Kalamazoo Avc., Marshall, 
Mich. 

Super-Gold Corp., 1020 E. SOth St., Tios AnKi'lcB I. Cal. 

(B) Tyler Fixture Corp., 1401 Lake St., Niles, Mich. 

(p. m 

(A;,C) Uniflow Mfg. Co.. Eric, Pa. 

(A,B,C) Uiiiteil UefriKi'rator (’o., llinlsiin, Win. 

(B) United llufriaerator Mfg. Co., Inc., 350 Robert St., 
St. Paul 1, Minn. 

(A.B.C) Victor Products Corp., 001 Pope Ave., IlaKcrs- 
town, Md. 

(B) VikinK Rrlrigerators, Inc., 7500 Wilouii Ave., Kansas 
City 3. Mo. 

(A,B,C) W^ard Rcfrincrattir & Mfg. Co., 0501 S. Alameda 
St., Ijos AriEnles 1. Cal. 

(B.C) YVarren Co., liic.. P.O. Box 1430, .\tlaiita 1. Ga. 
(A,B,C) Weber Show'CBBt: & Fixture Co., Inc., P.O. Box 
2018, Lob AngelEs 54, Cal. 

(A,B.C) Wilson lii>rriKiTiitioii liic., S. Main SI.. Smyrna. 
IVI. 


WALK-IN FREEZERS (See alsn FARM fii HOME 
FREEZERS) 

.Amaiia Hefrigreration Ine., .Ainana. la. 

.Aiiierieaii llerriKeralioii (’orp., 1025 E. Exi-elsior .Ave. 
Hopkins, Minn. 

Bowser Teehnical Refrif^eratiuii Div. of Buwsur Inc., 
Terryville, Ct. 

Carrier Corp., 302 S. Geddes St., Syracuse I, N.Y. 

(p. 


('oiiinierr-ial f'ooler MIr. Co., 5730-12ih, Detroit H, Midi. 
Delaware RefriKerution Co., 834 N. 0th St., Phila. 23, P;i. 
DelKro MIr. Co., Inc., Boniitori, N.J, 

Ebcd Cabinet Co., West Chester, Pa. 

Evans MIr. Corp., 400 S. 10th Si., Mt, Vernon, N.V. 
ForrI RefriRerator Co., 5400 Eadom St.. Phila. 37, Pa. 
Ed Friedrich Sales Corp., 1117 E. Comnierto St., San 
Antonio 3. 3'ex. 

Frlgldalre Div., Gen’l. Motors Corp., Dayton 1, O. 

(p. /7) 

Gem RefriRerator Co., 105 V\ . W^yominR Avp., Pliila.4(). 
Pa. 

Harder RefriRiiralur Div., Tyler Fixture Corp., ('iiblenkill, 
N.Y. 

John llerrel & Sons Co., 244 Lear St., Columbus 0, D. 

C. V. Hill & Co., Inc., 360 PFOinifigton Ave., Trentoo 1, 
N.J. 

llussmann Refrigerator Cii., 2401 N. LetfinAwell, .St. 

Louis 6, Mo. In .S?)i 

Jnrdnii RefriRiTatiir I'n., .5htli SI. it Ciiiy'.s Ave., I'liil:i. 
4.3. Pa. 

Jack Langston Cn., 3700 Elm .St., Dallas 1, Ti-x. 
Masterfreozo Corp., Sister Bay, Wis. 

Miiiiieapolis Sliow ('ase it Fixture Co., New Uii hniond. 
Wis. 

.liilm Mnwal. KefrigrTii I orM. I Klill Folsom SI., Siiii FraMi-i.Hi-i) 
:i. Cal. 

National Refrigerators Co., 827 Koelii .Avi.*., St. TiOuie 11, 
Mo. 

Noliii Mfg. Co., loe., lion Madison .Ave., Monlgomery 2. 
Ala. 


Orley Freezers, Ine., 680 E. Fort St., Detroit 26, Mich. 

,F. P. Pfeiffer it Son, Inc,, 200 N. l’ii,i',:i, ,S|., Baltimore I, 
Md. 

Ueco Prodiiets Div., Refrigeratiim Eiigrg. Corp., 2021) 
Naudain St., Phila. 46, Pa. 

C. Sclimidl Co., 1712 John St., ('iiiciimali. (I. 
Shorcr-Gillctt Co., S. Kalamazoo Ave.. Marshall, Midi. 
Uiiiled Hefrigeratiir Co.. IIuiInot), Wis. 

Victor Produnts Corp., 001 Pope Ave., TTagerHtow'n, Md. 
Ward Refrigerator A; Mfg. Co., 6.501 S. Alameda St., Ldh 
A ngeles 1, Cal. 

Warren Co., lin-., P.O. Box 1436. Allanla 1, Ga. 

Wilson Refrigi'ral.inn Iiii-., S. Main SI., Sniyrnfi, Del. 

York Cnrp., York, Pa. [p. -i d 


WASHERS 

.Allinetal Screw Products Cn., Inc., 33 Greene St., N.YM 

American Nut ik Bolt Fastener Co., 202!) Dnerr St., Pitt.s- 
burgh 12, Pa. 

Armstrong Cork Co., Lancaster, Pa. ip. l,iJ) 

Atlantic Stpel Co., P.f). Box 1714, Atlanta J, Ga. 
Autoacrew Co., 216 W. 18th St.. N.Y.C. 11 
Behringer Metal Wks., Ine., 108 .Tahez St.. Newark 5. N.J 
Bosseri Co., P.O. Draw'cr 358, Utica I, N.Y. 

Chase Brass ifc Cupper Clo., 236 Grand St., Waterbury .61. 
Ct. 

A. W. ChestiTlon (’o., 4 .ANhIand Si., Evi*retl 4!), Mass. 
Clark Bros. Bolt Co., Milldale, Ct. 

Continental Diamond Fibre Co., 3 Chapel St., Newark, 
Del. 

Deiniil Sluiniiing [In., 418 Midland .\ve., Detroit 3, Midi. 
Ernst Water Cohinin & Gage f 'o.. 250 S. Livingston Avp.. 
LivingHion, N..T. 

Felt Products Mfg. Co., 1508 W. Carroll .Xve., Chicago 7, 
III. 

Goslieii Rubber C’o., liic.,Box 517, Goshen, Tnd. 

Grainn A Kiiiglit Co., 35li Franklin St., Worcester 4, 
Mass. 

II. Al. Harper ('o.. 8201) Tieliigli .\ve., Morton Grove, HI. 
E. F. Houghton A Co., 303 W. Lehigh Ave., Phila. 33, Pa. 
Lakeside Malleable Castings Co., Racine, Wis. 
r 4 inisnn & Sessions Co., 1.671 W. S51li St., Cleveland 2, 0- 
Nrw A’ork Belling A Packing Co., 1 Markel St., Pasaaie, 
N.J. 

Philuilelphia Steel A Wire Corp., 5250 Belfidd Ave . 
Phila. 44, Pa. 

Phoenix Specialty Mfg. Co., Inc., 80 .Mbany Ave., Free¬ 
port, Long Island, N.Y. 

Premium Plastics. Inc., 627 Salem Avc., Dayton 6, □. 
Pressl.ite Engrg. Co.. 3!)00 Chouteau .Xvc.. St. Louis U), 
Mo. 

Rhopac. Inc., 168 N. Clinton St., Cbirago n, Ill. 

St. Louis Screw A Bolt Co., 6000 N. Broadway, St. Louis 
15, Mo. 


( C'ofi/Miiirrf) 
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vf^r j 

EQUIPMENT 


II a. tm l.un[lpii>4Prb iinil K\j|iiiriiliiri iirp ilr- 
Hi^nril 111 deliver m.ixinium liinnaKP nvilh tiilnl- 
■■iiiin iiprratInK exppfisi'. riii^\ uli r lotiKi lr<niblp- 
Irpp MiTvlpp—/ji'i mill* l/ii*i’rr fiuill ritf/if—Jitil 
limr ]irii%i‘il il in ihp fiidil. A mi'll br |i.irliriiliirli 
■ ntprpsirii in ihe llpl<li^n iil il &. I. i i upiiraiiir>« 
\tliirb iisi4iirrH iinintprrupipd fluw of \ii|iiir anil 
nil- .1 ^arrmil\ nf rnnrp pffii'lpnl iinil ilrppnil.ililp 


ppriiiriiiunri‘. Iltilli iiiiil« .up hiilll In H-li'l l.iidr 
iii rpKululliin*'- 

\nil nrxl liiiii* > nil li i« p ii pump In bll«. Iliiik 

fiml al llip II /I SprIpN I.> 1 ! 2 . ^iiiiin^ ili iniini 
fpi^liin M arp llir Ipakpriiiif Mprlinnlr.il Spiil— 
li> druiiliruil« b.il.inr"il iiiipidli-i lun^ brun/p 
bparlnKti—filanilunl miiliirN. Inlrrrliun|{pabln piirln 
.mil p>im iliMihiipmbli iii.ikp NprilrlnK Ninipir. 




BIG EVAPORATOR 



IM 


M 


Send fur ratalo'ii 
(living dnscrIptiDni and 
enolnenrlng data You'll agrpn that 
hers II rifrlgBraHon pquipmnnt ynii 
can dopand upon 


B 



B L B HEAT 
EXCHANGER 


Bell & Gossett 

COMPANY 


Morton Grove, Illinois 
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WASIIKRS ((^iinrinufJ) 

ShakrproDf, Inn., 2/101 N. Kpflur Avo., CliinaKii .'!!), 111. 

Stutidarrl-Kpil Ilurdwiirr: Mfj?. f'u , Inn., (jHl) IlrourlvMiv 
N.V.C.12 

MrikfH Mnltif'd PrinJijflH, lur-., 'I'liyl'ir iir WcIhIit Sf , 
Ti i'iil nil 4 , N.,J. 

Sl.rDiinluiLd H[Tf!W Produpls, Inn., 21(1 W. Jlubbunl Si 
CIiicaKO in, III. 

'riinrTipHnii-Jlrpfnnr dr Pp., 1010 W. Iliibbnrd St., f'binii;n 

22, 111. 

WliilL'buad StampiiiK f’n., 1001 W. LufiiynttB lllvH., Hr- 
trnit 10, Midi. 

WroiiRlit WiihIipf Mfg. 22ri0 S. Huy St., MilwaiikiM* 7, 
Win. 


WASHERS, AIR (See AIR WASHERS) 


WASHERS, RDHBER (Set- RLIHHER PRHIHJC'IS) 


WATER COILS (See AIR CONOITIONINi; COILS) 


WATER (COOLERS (Sl*b partlculur typp; mIku 
DRINKING WATER COOLERS) 


WATER COOLERS, ATMOSPHERIC (See COOL¬ 
ING TOWERS) 


WATER COOLERS, BAUDELO'T TYPE 

Vii A IldriurriM inn ('iirp. 47rt rilli Vvi* , Ni'vv ^ nrk 17. 

N \ 

Baker Relrl|leratlrm Corp., S, Wlndhum, Me. 

(p. li-it 

Hurpn Icc* Mai-liiiii' ('n., 21H N. .IdTirn(iii St., riiiraicD 0, 

III. 

('liiTrv liiirri'll ('nrp , 427 W lliinilnlpli St.. ('bii-ii;rii li, 
III 

('linMUT-ilniHiMi Co., F'lftli iV 'rilulumin SIh., Clu'Rlni, Pii 
Creiimery Paekaile Mill. Co., 124.1 W. WuNhinillim 
Blvd., Chk'uilii 7, III. Ip //n 

I'rlek Co., Waynesboro, Pa. (p. .7/) 

Frlflldalre Dlv., (k‘n'l. Mutora Corp., Dayton I, O. 

(/'. /d 

Cay T'iiiKrR. Cii., 27H0 I'l. 11 (li St., linn AiikoIi'B 23, Cal 
Kiihlenheriier I'liiilrk. Corp., lonn W. Commiin- 
weiilth, I'Tillertoii, Col. i jj .l.'n 

NnnliT Corp., J42(i S. 2iul SL, St. liiniiH 4, Mn. 

ItiTO I’rndul’tH Div., lIidriinTiitiiiii CiiKric. Corp , 2021) 
Niiiiiliiiii iSL, Tliilii. 411, l*:i. 

Sli'wiirl li‘i‘ Miieliiiii' I'n., I2H2 W. Ist St.. Toiiiniia, 
Vllter Mffi. Co., 2224 S. l8t Sr., Milwaukee 7, WIn. 

(P. 

\Nliillni'k MIk. Cl)., SI Sniilli Si , lliirlfiird II), Cl 
\"k Kl•^^lKl■^:l1illK Cn , IS;{4 .'ilHli SI , ('liii'iiKO .Hi. Ill 

York Ciirp., York, Pa. (p. i.'j 


WATER COOLERS, DRY EXPANSION 

Aeme InduHirieN, Ine., Meehanle & CrHiison Sis , 
Jachsim, Mil ti (p Jfl) 

l(ii-li;iril M. AriMBtroinr Cn , Hnx IHS, W Clireli'r, I’n. 
Bell Nr l^iiHseli (in., N2(MI AiiNtln Avl*., Morton Cirove, 
III. Ip 

Dill' UerniriTiilinir ('n., .'iDlD N I’ninski Ud . ('iin-nen !U). 
III. 

Oovle Ni Rolli Mffl. Co., Fool 2.1ril St., Brooklyn .42, 
' N.Y. ip. .it) 

IM'iiViT II,- 1100 ) 11 , Ini- . .■l.'llll Mi-iUord Si , I.n.‘< \ii(Ei'li-B .33, 
‘C.-il. 

Flllrine Mlft. Co., 54 Lexington Ave., Brooklyn 5, 
N.Y. (p. .Ofv) 

Frialdalre Olv., Geii'l. Mnlon) I^orp., Onyton 1, O. 

(p. 17) 

Cay I'iiiEnt Cn., 2730 C. Iltli .st., Lne .liiEt'leH 23. Cal. 

11 eiit-X-ClianUer Cn , Ine., Brewster, N.Y’. ip IJ1>\ 
Kliia-Z,eero Co., 1447 Montrose Ave., C.lileafiu 14, III. 

(p- 

Kolilenherker Enkril. Corp., Iblll) W. Cinnmon- 

wealth, Fullerton, Cal. (p. .if/0 

l.arkln Colls, Iiil'., .SI9 Memorial Or. S.E. Atlanta, 
(;a. Ip 4/1 

Parter.<ion-Kelley (ai., Ine., E. Strnudsbiira, Pa. 

(p. n.S) 

Ui-:)il Miii-liioi-rv Div . Sliiiiiloiil .S| nki-r I‘n . Iiii-., ^ nrk. 
I’ll. 


Itffo I’riKluctH Div., liefrijireration Eokfe- Corp., 202(1 
Nuuiluin St., Pbila. 4lj, I’a. 

Refriilerallon FT'iinomies Co., Ine., 1241 E. 'Fusea- 
rawas St., (ianton 4, O. fp i 

{ Rielminnri I'^iiKrK. Cu., Ine., 7tli lY Hospital Sts., Rirb- 
' moiid If), Va 

Standard Hoater A Oil C«iuip. Co., 245 ('oriielisnn Avi-., 
Jersey City 2, N.J. 

Vlller MfH. Co., 2224 S. Isl St., Milwaukee 7, Wis. 

ip. .i-H] 

I \Vlii(li)i-k iMfy. Cn.. HI Snulli SI., ll.'irifnrd 10, Cl, 

' \l. lli-fiiEi-niliinr I'n , IH.'M N\ . .''.Dili SI , ('liii-iiKn 37, III 


I 


WATER COOLERS, SHELL & COIL 


Acirie Industries, Ine., Mechanic Nt Ganson Sis. 

Jackson, Mich. (p. 2//J 

Rii-li.-inl M. \rrnHrri)ior Cn , Rnv.. IKK, Clo-Hlnr, l’;i 
Bell Hi Ckissett lio., H2I1II Austin Ave., Morliiii l^ritve, 
111 . ' f) Jd.’n 

C^arrler Gorp., 302 S. Geddes St., Syracuse 1, N.Y. 


ip. -'.i) 

Doyle & Roth Mfft. I^n., Foot 24rd St., Brooklyn 42, 
N.Y. 

Filtrlne Mfu. Go., 54 I>exln|ttDii Ave., Brooklyn 5, 
N.Y. (p. 

Frick Go., Waynesboro, Pa. [p. .11) 

Cay EiiKrK. Cn.. 2730 E. 11th St., Tiiia Aiiei-Iph 23, Ciil. 

Interstate ICiiErE- Curji., 2250 ]<). Imperial JliKhwy., El 
SeEundo, Cal. 

Kelvinator Div., Nash-Kelvlnator Corp., 142.50 
Plymouth Rd., OLMnill, Mich. i/) 'h 

Kohlenherner Eniir^. Corp., IhllO W. Ciimmon- 
wealth. Full erl nn, Cal. >p 

E. O. Kuven A RidIIilt, Jne,, 1.51 ()Edi*ii Vvi-., .lei-Hev Cil.v 
7, N..I. 

N’iil innal RdTiniTiit iii> I 'd , K27 Kni-lii \\i- , Si l.iniis II. 
Mil. 


Patterson-Kelley ('.o., Inc., I'. Srruudsbur|;i, Pa. 

fp. /S) 

Totter A Ruyfidil, Ini-., I’.O. Hnx 10-12, Atlanta 1, Cii 

Keen Troduels Div, Ri-fni/i-ratinn loiErE, Corp,, 2021) 
Naudaiii St., I’liila 4(), I’a. 

Hefrifieratlnii Ecnnomics Chi., Inc., 1241 E. Tusca¬ 
rawas St., Canton 4, O. (p /.'^ ) 

Ilempe Co.. 341) N. Sai-ranii-nto Hlvil , f'liiraRO 12 III. 

I')dw. RennebiirE A Sons Co., 2li.'{!l Jloslmi St., Ikilliinnu- 
24. Mil. 

Standard Healer A Oil Eipiip. f'o., 21.5 r’nnieliflon Ave., 
Jersey l.'ily 2. N.J. 

Star Mi-l!il Ml'i. Co , Ine , 'Tri-nlnn \v\‘ , A -Ymi SI 
Tliihi. .34. Tm. 

T:ien 11 eat its Ine , El? Sinil h Si.. Trr)\ nli-ni-i- 3. K . I . 

Temprlte Products Corp., K. Maple Rd., BlrminU- 
ham, Mich. l/i 

Viltcr Mlft. Cd., 2224 S. Ist St., Milwaukee 7, WIs. 

(p 

XMiillm-k MIk. Co . Kl Snnlli SI., llerlfnrd 10, Cl. 

Worthlnlttnn Pump & Machinery Corp., Harrison, 

N.J- (p. /4 0 

XL llefriiceratiiiK Cn., 1S;J4 W S'.Mh St., Cliieiiffo .30. 111. 

York Corp., York, Pa. (p. i/) 


WATER COOLERS, SHELL & TUBE 

Acme Industries, Inc., Meclianlc Ni Cianson Sts., 
Jackson, Mich. fp. 2//i 

Vineneon DiHtnel Steam ('n , llrv-.iiil Si , \ 'rnna w an rl i, 
N V 

Itieli.-irH M Vnnsl mii'f I'd., Hii\ IKS, W . t'lii-Hti-r, l’;i. 

Baker RelrlUcratlon Corp., Inc., S. Windham, Me. 

(/). flTi) 

Bell Nr Gossett (io., N200 Austin Ave., Morton throve, 

III. (p .‘fUD 

Cnlirnnii.i Steel TrodiirlH Co., Rnrrett A "A" Sts., Rieli- 
morul. Cal. 

Carrier I^orp., 302 S. Geddes St., Syracuse 1, N.Y. 

(p. 2-i) 

Creamery Packake Mf|l., Go., 1244 W. WashinUton 
Blvd., C.hlcatio 7, 111. ip 4'^ 

Oavifl IGnicrfi;. Unrp., I()li4 E. llriiid St.. Elir.alielb 4, N..1. 
Doyle & Roth Mffi. I^n., Foot 24rd Si., Brimklyn 32, 
N.Y. (p.'>n 

Flltrine Mlft. Go., 54 Lexlniitoii Ave., Brooklyn 5, 
N.Y. [p. 

Frick Co., Waynesboro, Pa. fp. .11) 

Cay Eiierc. Co.. 27.30 l-L lllli St., Lna .YiiKelt-s 2.3, Cal. 


( Ci’iltlinirti) 
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ACME INDUSTRIES, INC. 

Jacksim, Michigan 
Representatives in Principal Cities 

Cimtinuftusly Serving The Re/rigpratifin Industry Since 1^19 



FKEON CONDENSERS 
AMMONIA CONDENSERS 

Sliull mill Tube tyi»L* fnr use wkli Aminnni.i. 
b^TDii cjr either Refrincraiils. Strindanl nr 
s|)eeia] designs to meet varN'iivu waler Icm- 
pLMMliires availaldc and roiidensincj temjiera- 
1 1 ires desired. 



DRY-EX COOLERS 

Refrigerant in Tidies, solulinii Ijaflled llirongh 
shell, h'or cooling water, brine, glycols or 
nlriilinls by dirrcl cxiiansiuii of nfngrranl 



BLO-COLD INDUSTRIAL UNIT 
COOLERS 

Hlu-Cnld Models are available for cither 
medium temperature or low-lcmpei aturc 
applications. All fabricated sicrl parts are 
hot-dip galvanijsed after fabrication. 



EVAPOR \TfVE CONDENSERS 
AND COOLINC; TOWERS 

Ml prime sm face fnr h'reiiM ni Amiiinni.i 
Refrigerants—lli-ai'y gage sbeel melal cas¬ 
ings, rspcri:dl\ prnres^scd fur ma\minm re- 
sislance to rns| ami ciirmsion CanariliLS In 
100 tons. All fabiiiatccl slcA pofts arc turn 
hot-dip galvatiirii'd alter faf)riiuliou 



HEAT INTERClUINCEKS 

Slirll and I'nil iinils for small capacilies, 
shell ami lube nnils fnr large installalions 
16 slandai d inrxlns from one Inn In IHO Inns 
caparit}’. 



FLOW-COLD LIQUID CHILLERS 

\ complete, loinpacl unit fnr Indiislri,il I'm- 
iM ss Temperaliire ( niilrul, Air C'nnililiniiing 
.Old Ileal I'umii applicalams. I"arlm\ \»,- 
sfinblrrl anri leslrd, I rum 1 In 15 11. I*. 


Aenir Indi»lrir.s, Ine. uho inaniirarliirp Floofled Water and Urine Ciiolers, Oil Sr|iaralorH, 
Pipe (mils, Ural Fxrliungprs, (mnverliirs, Rci'pivrrH and Fin Cnils 

WRITE FOR CATALOG 00/ AOIY PRODVCT 
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WATKH COOLERS ((:iintiniii>d) 

KiihUnberger En|ir|it. C»rp., 1600 W. (aimmuR- 
wralth, Fullertun, Cal. ip. 

Kramer Trent[in Co., Olden fli. Breunlng Avea., Tren¬ 
ton 5, N.J. ip. Iim) 

Lummiui Co., 420 LexinRlun Ave., N.Y.C. 

Marley Co., Inc., 3001 Fairfax Rd., Kansas C^lcy 15, 
Mo. ip. 76) 

ratterson-Kelley Go., Inc., E. Stroudsburg, Pa. 

ip. 6H) 

PrrxluntB Div., RnfrlKeniliun EiiKr^- Corp., 2020 
Nsudain St., PhiLi. 40, Pa. 

Refrigeration F^conomlirs Co., Inc., 1231 E. Tusca¬ 
rawas St., Canton 4, O. ip. 1!)7) 

Kichmorid Enitrg. Cu., Inc., 7th ik lluspital Sts., Rich¬ 
mond 11), Va. 

IIOBB Heater & Mfg. Co., Div. of American Radiator A 
Standard Sanitary Corp., RufTalo ID, N.Y. 

Standard Heater & Oil Equip. Co., 245 CorncliBon Ave., 
Jersey City 2, N.J. 

B. F. Sturtevant Olv., Westingbuuse Klee, t^urp., 101 
Heading St., Boston 36, Mass. (p. xii) 

'I'liro lleatcrH Inr., l.')7 Himl.h St ., Providence D, R.I, 
'I'rane Co., La Crosse, Wis. ip. NS) 

’’I'ypliDDii Air CenditioninK Co., Inc., Div. of Icc Air Con- 
ditinniniE Co., Inc.. 7!J4 Uninii St., Rrooklyn .51, N.Y. 
Vllter Mfg. Co., 2224 S. lat St., Milwaukee 7. Wls. 

(P. SS) 

Whitlock MIk. Co., Drawer .'lf)0. Hartford 1. Ct. 
Witlenmcier Machinery Co., 850 N. SpauUliiiK Ave., Clii- 
ckkd 51, 111. 

Wortblngton Pump Sc Machinery C.iirp., Harrison, 
N.J. [p. 14 /,) 

\\i RerriKenitiiiK Cu., IHDI W. riOlli St.. Cliii-aKn Dli. III. 
York Corp., York, Pa. (p. ,'7:0 


WATER CAUCK COLUMNS (See CiAlJCE 
fH.ASSES) 


WATER IIEA'I'ERS 

Alrtump Div., I'lirysler Cnirp., 166(1 Webster, Dayton 
I, O. (p. l.'t) 

Ainericiiii Disfriel Slciiin Co., lirviiiit St., Tonawaiida, 

N. V. 

Ilirliuril M. AniiHtrnim (*ii.. hiix IKH, W. (Diester. I^i. 
Bull & Gossett (]o., 8200 Austin Ave., Morton frrove, 
111. (p. 2wy) 

Rrvanl Ilcalcr Cu., 17825 St. Clair .Ave., Cleveland It), 

O . 

Davis I'^iiKrK. Curp., U)li4 E. Crand St., ElizaUelli 4. 

N.J. 

Electric Heater Co., Wuudend lid., Stratford, Ct. 
l''airbankB, Murse tV Co., UOO S. Mirliinan .\ve., Chirajio, 
5. 111. 

FrJgldaire Div., Gen’L Motors Corp., Dayton 1, O. 

(p-c;) 

CenBral Elec. Co., 1 River Ild., Schenectady 5, N.Y. 
Ileat-X-Cbunger i:n., Inc., Brewster, N.Y. (p. 
Kelvinator Div., Nasb-Kelvlnainr C]orp., 14250 Fly- 
. mouth KJ., Detroit, Mich (p. 21) 

Patterson-Kelley Co., E. Stroudsburg, Pa. ( 71 . .' 7 cS’) 
llheem Mfg. Cu., 570 Lexington Ave., N.Y.C. 22 
SpTvel, liir.., Evansville 20, Ind. 

A. 0. Smith Com., J5D.1 N. 27th St., Milwaukee 1, V^ is. 
David Stout & Sons, 7010 Mancheater Illvd., St. liouis 17, 
Mo. 

'rai’ij lliMxlors Ini'., 1D7 Snulli St., Proviileiipc D, H.l. 
Wjiitliick Mfg.. Co., HI South SI,, llartforrl 10, Ct. 
Wilson Cahinol Co., Inc., Smyrna, Del. 


WATER STRAINERS (See STRAINERS) 


Culgun, Inc., Hagan RIdg., Pittsburgh 30, Pa. 

I t'arbide it f^irbon ('hemifals Corp., Div. of Uniuii C:u 
■ bide (t t'arbon Corp.. 30 E. 42ii[i St., N.Y.C. 17 
I Cochrane Corp., 17th St. below Allegheny Ave., Phila. 32, 
Pa. 

Dearborn t.^hcmiciil Co., .M l>|■^•||:tlllliN^ Mnrl IMoza, 
tMiii-ago 54, III. 

Dow Clicmical Co., Midland, Mich. 

Elgin Softener Corp., IGlgin, Ill. 

Eerro-Nil Corp., 381-4th Ave., N.Y.C. Hi 
Filter Paper (Jo., 2450 S. Michigan Ave., Chicago 16, Ill. 
Flltrlne Mfg. Co., 53 Lexington Ave., Brooklyn 5, 
N.Y- (P. W) 

CJraver Water Conditiuniiig Co., 21li W. 14th St., N.V.C 
11 

D. llaeriiig iV Co., P.l). Box 6037, llarlandaic StaLiuu, 
San Antoni It, 3'ex. 

Iluiigerford ife 'I’crry, Inc.., 226 Athintic, ,Avc., Claylmi, 
N.J. 

liihU-n, Inr., 2751) S. 1 21 h Ave..'riicHun . Ari/,. 

MathicHon LDiemiciil Corp., Mathiesiin Bldg., BalLiniuri' 
3. Md. 

Mutual Chemical Co. of America, 270 MadiBon Avi.*., 
N.Y.C. 16 

Nalional .Alnniiiiale Corp., 11211) W. lililli Plfice, Cliirago 
3H, 111. 

New .liTBi'y Zinc Co., 1 01) l‘Viiiit SI ., N.V.C. 7 
Norih .Aniericaii Mogul I’ludiiirln Co., Staiidaril Bldg., 
Cleveland 13, 0. 

Nox-Biist (Jieniical (^trp., 242!) S. Iliilstead SI., Chicago 

8 , 111 . 

Oakiic Prrtduclfi, Inc., 22 ThanicB St., N.Y.C. G 
O’BriLMj InduBtrii'H, 84 Bishop St,, Jersey City 4, N.J. 
Dshkosh Filter it Softener Cn., 51 Coupe St., lishkoah, 
Wis. 

i Permutit Cu.,33t) W. 42ntl SL., N.A'.C. IH 
' Pittsburgh I’late ClasB (ht., 632 Duquesne VVay, Pitts- 
i burgh 22, Pa. 

I Milton Roy Co., 1401 E. Mermaid Ave., Phila. 18, P.a. 

I Sta-Hite ProduetH, Ini:., Delavan, Wis. 

F. J. Stokes Maehine Cd., 3'abor lid., Phila. 21), Pa. 
'i'eiiipit Cheniieal Co., Inr-., 47-02 5tli SI., Lring l.^lanil 
t'ily 1, N.V, 

'reiiney Engrg., Iiu ., 26 .Ave. B., Ni'w.'irk 5, N.,!. 

Water Service Lalis., Inc., 423 VV. 12liLli St., N.V.t'. 27 
Western Chemical Co., 713 WaBliiiigton St., KaiiBas City 
6, Mo. 

Wilbur-WillianiB Co,, 43 Tieon St., Boston, Mubb. 

Wright Chemical Corp., 627 W'. Lake St., Chicago G, III. 

Wnrtbingtun Pump Ai Machinery Corp., Harrison, 

N.J. (p. m) 

York Corp., York, Pa. (p 52) 


WA'PI'METEHS (See METERS, ELECTRIC) 


WEATHER STRIP (See also DOUR t;ASKE'l'S) 

Itraaco MIg. Co,. Harvey, III. 

Biidgenort Fabrics C^o., Bridgeport 1, Ct. 

(‘enlral Metal Strip Co., 4343 North Western .Ave., 
(Miirago IK, III. 

Chamberlin Co. of America, 1254 La BmsBfc St,, Detroit 
2G, Mich. 

W. J. Dennis Co., 1732 N. Kolmar Ave., Chicago 3!), 
Ill. 

B. F. Cnodrinli Co., 500 S. Main St., Akron, 0. 

Ilew'itt Hiihber Div., llewiM-Uobiiis, Inc., 241) Kensing¬ 
ton .AVI'., BuHalo 5, N.V. 

Jarrnw Products, 420 N. La Salle St., Chicago 10, 111- 

(P;^V7) 

Koeh Buteliers’ Supply Co., 600 E. 14tb .Ave., N., Kan- 
S!i 0 City Iti, Mo. 

RayheBtoB-Manhattan, Inc., Gl Willett St., PasBaic, N.J- 

U. S. Rubber Co., 1230 Ave. of the Americas, N.Y.C. 20 


water Bl brine treating & TESTING EQUIP¬ 
MENT & MATERIALS 

.Aincrican Sand-Bauuin Co., Inr.., !) Rockefeller Plaza, 
N.Y.C. 20 

Aniorican W^ater Softener Co., S.E. Corner 4th & Leliigli 
Ave., Phila. 33, Pa. 

.Aqualrol Laboraloricn, Iiii-., Clifton. N..!. 

Uellu Industrial Equip. Div., Hogue Elec. Co., 37 Ken¬ 
tucky Ave., PalerBon, N.J. 

Henry Bower ('lieniieal Mfg. Co., Ciniy's Ferrv Rd. 
2nth SI ., Phila. 46, Pa. 


WELDING ELECTRODES, RODS & WIRE 

.Air Reduction Sales Co., 60, E. 42nd St., N.Y.C. 17. 
All-State Welding Alloys Co., Inc., 273 Ferris Ave., White 
PlaiiiB, N.Y. 

American Brass Co., Waterbury 88, Ct. (p. 
American Steel & Wire Co., Rockefeller Bldg., Clcvelanii 
13. 0. 

.Arens Corp.. 1500 S. 50th St., Pliiliidelphia 45, Pa, 
.Atlantic Steel Co., P.D. Box 1714, Atlanta I, (,1a. 

BtibIoI Brass Corp., Bristol, Ct. 

Central Steel 4 k Wire Co., 3000 W. Slat St., Chicago 32, 
111 . 






Refrigeration Classified 


WELDING ELECTRODES 
WIRE 213 


ChttBB BraBB 4; Copper Co., 23B Onind St.. VVaierbury 01. 

I 

1 )river-Harri8 Co., Harriaon, N.J. i 

JCiitcelic Welding Alloys Corp., 4U Worth Si., N.V’.C. 13 
(iiilv-Weld 1‘rodiictH, .324 E. 2nd Si.., Dayton 2, D. 
rienerul Elec. Co., 1 River Hd.. Srheiiectudy .'i. K.Y. 
Bandy & Harman, S2 Fulton St., N.Y.C. 7 
Hobart liroB. Co., 14B llobarl Square, Troy, 0. 
international Nickel Co., 67 Wall St., N.V.C. 5 (Moiitd, 
Nickel, etc.) 

lancoln Elec, Co., 2818 Colfax lid., Cleveland 1, 1). 

I.inde Air ProducLw Co., Unit of Union Carbide & Carbon 
Corp., 30 E. 42nd St., N.V.C. 17 
P. R. Nlalliiry & Co., liu:., 3020 1’,. WaBhingtun St.. 

IndplB., Ind. CElectrodes only) 

Manpiette Mfg. Co., Inc.,.307 E. Ilennepin, Miiineapolifl 
1.3, Minn. 

^National Carbon Co.. Inc., Unit of Union Carbide Jk 
Carbon Corp., 30 E. 42nd St., N.Y.C. 17 
Revere Copper ilt BruHS, Inc., 230 Park Ave., N.Y.lh 
17 t/i. /.'//) 

lle.v Welder 4 EiigrR. Co., lOlli E. lOtli St., KaiiHas (3ty 

fi. Mo. 

D. Sinith (!;orp.,3533 N. 2lBt .St., Milwaukee 1, VN in. 
J'rindl Prodiiets. litd., 17 E. 2.3rd St., Chieago 16, 111. 
United Wire 4 Supply Corp., 141)7 lillniwood Ave., Provd- ■ 
dLiicc 7, R.l. i 

WeBtiiiglniiiHe Elec. Corp., '1151 Ceiu'Hee St.. BuIThIi) 5, 1 
N.Y. 


WELDiNt; ELEtn'KODE IRHILERS (.See ELEC¬ 
TRODE COULINU SYSTEMS) 

WHEELS, BLOWER (Sec BLOWERS) 


WINDOWS, COLD STORAGE (See COLD STOR¬ 
AGE DOORS &. WINDOWS) 

WIRE, ALUMINUM 

.Vliiiiiiiiijrn L’o. of America, PittHburgh 111, J'a. 

CenLr:il Steel 4 Wire Co., 3000 W. 51 hI St., Cliirago 32, 
Ill. 

Metalli/irig liiigrg. t!o., Inc., .38-14-30th St., Long iHlaiid 
City 2, N.Y. 

Pi^rinaiiL’iitu Prndueta Co,, 1.424 iVway, Oakland 12, Cal. 
Reyiiuidfi Metals Co., 2(i(M) S. !)ili St., LouiHville 1, Ivy. 
United Wire 4 Supply Corp,, 1447 E'liiiwood .Ave., Provi- 
denee 7, R.l, I 


WIRE, BRASS, BRONZE, COPPER, viv. 

American BruNs Co., Waterbury HN, Cil. (p /<*''•'/) 

Wliiliii'v Mlake Cd., 1.56.5 Dixwi'll .Vvc., Ni'W Ibivi-ii 14. 

f 6)iin. 

llriHtiil BrasH (hjrp., Urislol, Ct. 

Central Steel 4 Wire Co., 3000 W. fjlHt Si., ('liicaKo 32, 
Ill. 

Chase llruBB 4 Copper (?o., 236 Criiiul St., Waterbury !)1. 

(4)rniBh Wire Co., Ini'., Rutland, \ I. 

(\ C. llu,BBey & Co., 2860 2iid Ave., Pillsbiirg 14. Pa. 

Kniled Kurda, Inr., 1.56.5 Dixwi 11 Ave., New lliiven 14, Ct. 

P. R. Mallory 4 Co., Ine., 3024 E. Washington St., 
IndplB., Ind. 

Metallizing Engrg. Co., Iiie., 38-14-3Uth St., Tjong Is¬ 
land City 2, N.A^ 

Scovill Mfg. Co.. 44 Mill St., Waterbury 41, Ct. 

United Wire & Supply Corp., 1447 EIiiiwihhI .Ave.. I’rovi- 
dciicB 7. II.1, 


WIRE, CABLE &. ROPE 

American Steel 4 Wire (’o., II iHikefeller Bldg., Cleveland 
13, O. 

nethlehem Steel Co., Bethlehem, Pa. 

Central Steel 4 Wire Cd., 3000 W. Slat St., Chicago 32, 

Ill. 

Laclede Steel Co., Arcade Bldg., St. T/ouia 1, Mo. 
Maewhyte Wire Rope Cd., 242.3-14th Ave., Kenosha, W'iB 
Joaeph T. Ryerson 4 Son, Inc., 10th 4 Rrwkwsll Sta , Chi¬ 
cago, II 

Tennessee Coal, Iron & HailrDud Co., U. S. Steel Curp. 

Subsidiary, Rrown-Marx Bldg., Ilirmirighiim, Ala. 

U. S. Rubber Co., 1230 Ave. of tlie AmericaB, N.Y.C. 20 
W’ickwire Spencer Steel Div., Colorado Fuel and Iron 
Corp., .500-5th Ave., N.Y.C. 18 


WIRE, ELECTRIC (See also CABLE. ELECTRIC; 
CORDS, ELECTRIC) 

American Steel 4 Wire Co., Rockefeller Bldg., Clovelund 
13, 0. 

Ananr.ula AN ire 4 Cable Cn., 25 Hroiidwuy, N.A .V. 
Bcdden Mfg. l'o.,4ti47 W. Van Huron St., I'hicago, ill. 
NN'hitiii'y Blake Cn., 1565 Dixwell Ave., New lliiven 14, 
('onii. 

NVilliani Brand and Cn., Ine . NN'illiiiianlir, C(. 

Chase BruaB 4 Copper Co., 236 ('irand St., Waterbuiy 41, 
Ct. 

I ’liriiish NViri* Cn., Inr., Kill land. N I . 

Fnleral 'releplinne 4 Riidin t 'nrp., 41HI Pussaii' Ave.. E. 
Newark, N. .1, 

(General Elec. Co., 1 River Rd., Schenectady 5. N.Y. 
Iiisirunient 4 Cange l>i\ . Flertrii' Aiiln-lile Co., (3iani- 
plain fSlI’nliiiii l, I > 

Kniled Kords, liir., 1565 Divwi ll .Avi'., New Haven 11, Ct 
Niiliiiiial Klee. I'rtnluL l.i Cnrp,, (3iaiidii‘r nf ('niniiieree 
Pldg., Pii.lsbiirgh 14, Pa. 

Pai hard Elec. IJiv., Cciri. Motors Corp., Warren, I). 
Pent Jllec. Co., Inc., 6.34 Michigan 3'ruBt Bldg., Grand 
Bapids 2, Mich. 

Joaeph T. Ryeraon 4 Son, Inc., 16lh 4 Rockwell Sta., Chi¬ 
cago. III. 

'I'l'iiiieHsi n Coal, linn 4 Ibiilrnad Cn., U. ,S. SI eel ('iirp. 

Siili.'-iiiliary, Brnwn Mnr.v Blilg., Biriniiighiiiii, Alii. 
'rriiLiigli-Cnnduil 4 l'ahli-1'n., Inr., New Mrunswiek. N..I. 
U. S. Rubber Co., 1230 Ave. of the Ainerinia, .N.VM\ 20 

WIRE, ELECTRIC RESISTANCE 

Driver-Harria Co., Harrisnn, N.J. 

General Eleelrir Cn., Hivei Kd., Si^lii iier'liiily 5, N.N' 

WIRE, t;ALVANIZED 

American Steel 4 Wire Co., Itnckefellcr Mlilg., Cleveland 

13. O. 

Atlantir. Steel t’o., P.D. Box 1714, Atlanta 1, l.ia. 
Iletlilebein Steel Co., Bethlehem, Pii. 

Central Steel & Wire Co., .301X1 W. 5lHt St., t3iir.ugi) .32, 
III. 

Laclede Steel Co., Arcade Bldg., St. Lnuia 1, Mn, 
Republic Steel Corp., Hepublic Bldg., I'lcveland I, D. 
TcnneHaee Coal, Iron 4 liailrDail Co., V. S. Steel I’orp. 

Suhaidiary, Browii-Murx Bldg., Birmingham, Ala. 
NN'ir.liwire Spencer Steel Div,, Colorado Fuel and Iron 
Corp., 5UI)-.5th Ave., N.Y.C. 18 

WIRE, INCONEL, MONEL & NICKEL 

Ikiniral Steel 4 Wire Cn.. 30l)[) W\ 5lBt St., Chicago 32, 
III. 

Driver-Harria Co., Harriaon, N.J. 

Claud S. Gordon Co., illMJl) S. Wall:i.i;i: St., Chicago Hi, 111. 
llaynea SLedlite Co., Unit of Union fhirbide 4 Carbnii 
Corp., K ok OHIO, Ind. 

International Nickel Co., 67 Wall St., N.Y.(L 5 
Uiiiled VVire 4 Supply Cnrp., 1447 Ihiiiwoofl Avi-., I*rnvi- 
denee, II.I. 

WIRE, STEEL 

.American Stee.l 4 Wire l-u., Rockefeller Bldg., tUcvelarid 
13, D. 

Arineo Steel Corp., Middletown, D. 

.Allaiiiic Stei'l [hj., P.D. Box 1714, Atlanta 1, Ga. 
BeLlilulieiii Steel Co., Bethlehem, Pa. 
f.aclefle Steel Co., Arcade Bldg., St. I.ouia 1, Mo. 
Hepublic Steel Curp., Republic Bldg,, (Mevuland 1, D. 
Joaeph T. Ryeraon 4 Son, Ine., 10th 4 Rockwell Sta., 
Chicago, Ill. 

Sundvik Steel, liir., 11J-Hili .Ave., N.N'.f'. 11. 
iViiiii'BWC ('oal. Iron 4 Railroad Cu., IJ. S. Sti;i‘l f/orp., 
Suhaidiary, Brnwn-Marx Bldg., Biniiingliain, Ala 
Youngatown Sheet 4 Tube Co., Yniingatown, 0. 


WIRE. STAINLESS STEEL 

Allegheny LurUum Steel Corp., Dliver Bldg., PilLaburgh 
22, Pa. 

.American Stin:! 4 W'ire Co., Rockcrcller Bldg., Clnvclanil 
13, 0. 

Arena Cnrp., 1500 S. 5Ulh St.. Phihidi lpliiii 45, Pii. 

Armen Steel Corp., Middletown, O. 

(Continued) 




WIRE 
214 ZINC 


WIRK, STAINLESS S’lEEL (Ci.nilmu-il) 
rjarpeiiter Steel I'o., RpadinK, Ta. 

('enbral Steel k Wire tJo., 3000 W, Sint St., r'liimKn 3L', 
Ill. 

Driver-HurriH CJo., Plarriaon, N.J. 

Fiiili-StcrlinK Stpid k CEirbiile (hjrp., neiiiirilrr Ud., Mr- 
Kei'HpnrL, I‘ft, 

MctullizinK Lii^rg. ('d., Inc., 3H-14~30th St., Lone Inland 
City 2, N.Y. 

Republic Steel Corp., Republic Rldg., Cleveland 1, f). 
Simdvik St(‘I'l, 1IIi- , 111-Hill \vi‘ , N \ (' 11 
Ti'iiiifnnec ftial, Iriiii iti Kailruad ('n , C S. Slrel I'uip. 
SuliMidiiiry Mnmn Maix HUIk , MinniriKliiirn, Mii 


WIRE, TINNEI> 

Ainerican Steel «Sc Wire ('o., 11 ni kidi'ller lUdu . Cli'viduiiil 
13, O. 

Hethlehem Steel t'n., Retldelieiii, Pa. 

William Mraiid anil Cn . liir . V\ illiiii;iiil ii . I t. 

(Viitrul Steel 4: Wire Cu., 3000 W. .^Int Si.. riiii-iiKO 32, 

111 . 

I 'iiriiinli W ire ( n , hie , |{ulliinil, A I. 
liiirledt* Steel Cii., AreiidcRldK .St. Ijouid 1. Mn 


WIRE, WELDINC; (See WELIHNL ELEin'RODES) 


WIRE fXO'l ll & MESH A SCREICNS 

Retlileliem Steel Ilelhlehem, I'n 
nuUalr) Wire Wks., Terrarc, IhilTaln 2, N.Y. 
('ambriilire W lie t'liilli I'n t’ainlindire. Mil 
(’cntral Steel A Wire Cii , 301M) W. .'ilnt St., C'hieiiKn 32, 
Ill. 

t'eiilrul WiieiV linn V\ kn (i2l J'. I.i.I’ImI M lleH.MnineH 
!>. III. 

(IlmneRniBB 4 Cupper Cn., 23(i Craiid St , WaliTlmrv 'M, 
Ct. 

('yrloiio Feiiec Div., Aiiieneaii Steel 4 VN ire Co., C. S 
Shiel C-nrp. Siibaiiliary, IM). Jinx 2110, Waukegan 1, 

liuhiNtriHl Wire Cloth l*riuJuri.s Corp., Wuyiiu, 
Mil’ll. 1/j .S.S) 

Kentuek.v Mi'liil ProdvielH ('n, Pii“ilnn Si 4 Xudilbnn 
I'k , laiuiNV ille l.l. Ky 

ML'Intlre Cimiiei'tor (]o., i.**! Jefferson St., Newark 
.S, N.J. I/I iSf/i 

Mieliigan Wire Cloth Cn., 2I)!I8 Howard St . Delrnit Hi, 
Mieh, 

M lilt i-.M el 111 Wile I'lnlli I'n |3.'i() I'laiiinnn \\e . Ilrnnx 
.'ill. N N 

Newark Wire Cloth, lb'll A'eroua Ave., NL>>^a^k -1, N.,T. 
Ilnhiiin ('iiiivr^ynrr* l)i\ , 11 evi il I-|{nliniB liie , 270 PiiHrian 
Vve . I’iiHM-iii- N..I 

Mnloek, liie , lliriO Kiiign llighwav, Fairfield, Tl 
Jiiaeph T. llyersoii 4 Sun, Iiie., Itilh 4 Rockwell SLh , Chi- 
eiigo, Ill. 

r S CypHiiin Co , 3110 VN . Vihuns.M , I'hii-agn 0, III 
VV heeling 1 'i(rriig!i ling Cn . VN heel in g. W . \ a. 

Wii’kwiru S|HinriT Si eel Div., fhilnradn Fuel and Inin 
Crirp.. mKl-rith Ave., N V.C. IH 


Refrigeration Classified 


WIRE FORMING, WIRE SPECIALTIES & WIRE- 
I WORK (See also SHELVES) 

I Ainerii-aii Spring 4 Wire Specialty Co,, 810 N. Spaulding 
I Ave., Chirago 51, Ill. 

I Ai Hist rung Co., 34-3(i Hell Rlvd., Ihiyeide, N.A". 

Atlantic Steel Cn., IMJ. Rox 1714, Alhinta 1, Cii. 

Ihiiier Miiih. Cij., 1774 Sliendaii Ave., Spniigheld, I). 

' RiilTalii Wire Wks., 4.50 Terrace, Huffaln 2, N.Y. 

Cential Wire 4 Jriiii Wks., 021 E, Loeunl St., IJen Moines 
D, la. 

(killis Co., Box J.H, (Jintun, la. (p. /?/,) 

L. F. (irainini'B 4 Sona, Iiw., 305 Union St., Allcntnw'ii, 
Pa. 

ITunler Preafted Steel Cn , HOI Maple St., Lanadale, Pa. 
Kentiieky Metal Products Co., Preston St. 4 Audulion 
I Park, Tiuuiavdle 4, Ky. 

Newark VN ire Cloth, 3.51 Vernna Ave., Newark 4, N.J. 

I I'lM'iless Win Coiiils Cn , I .iifay i'll e, Iial 
llrdiu-k. Inc., 13.50 Iviiigs Highway, Fairfield, I't. 

I .ScnvillMfg ('ll. Ill Mill |S| , W II 1 iTbiiry 20, Cl 
I Standaril Keil ll.'irilware Atfg. Co , ine., 0311 M'w.ax, 
1 N. V.C. 12 

J'i II Tileheiicr i\r ('ll., Ihnghaintnn, N.V . 

I 3'nwnseiid Cn., 205 River Hd., New Hrightnii, Pji. 

I Union Steel Products Co., 448 Pine St., Albion, 
I Mich. (/I I7'i 

United Steel 4 Wire Cn., Rattle fVcck, Mieh. 

[ Wall VA’ire PruUucts Cn , 11333 ficncral Dr., IMyrninilli, 
I Mirh. 

I W'iekwire Spencer Steel Div., Colorado Fuel and Iron 
1 Corp., rit)0-.5(h Ave , N.Y.C. 18 

I L. A. Young Spring 4 VV'ire Corp., 0200 Kussell St,, De¬ 
troit 11, Midi. 


WlHINt; DEVICES & HARNESSES 

Virnw-lhirl 4 llegeiinm Eli'r* t'n, 10.3 Ihiwllinin SI . 
IliiMlnrd 0 ( I. 

VVhiliiev Rliike Cn 1.50.5 Diwvell V\e , New Ihiieii 14 
1 3 

f'niiiisli Wile I n , lin . Rlill.uid, V I 

tii’in’ral Kleelnc t'o , 1 River Ihi , Seheiir'etiidv .5, \ V 
(reiieral Elee Cn , 12H5 Rnwliin Ave , Rridgepnrt 2, t'1 
firaybar Klee. Co., Ine , Craybar Rlilg , N V.l' 17 
Kiiiled Knrils, Ine . Ii5r<ri Dixwell Vve , New llaveii 11, t 'I 
Packard Idee Div., Cen’l Motors ('nrp , Warren, O 
I Pent lOlee. Cn., Ine., 1134 Michigan Triisl Rlilg , Crand 
I Rapids 2, Mil’ll 

Hlversiltle Mf(i. & Elei lrlc’al Supply Co., 111221 Miihi- 
ftun Ave., Dearhnrn, Mirh. ip *l->i 

SnreiigMfg Cn , !ir).5.5 I'iden \\e .Hehillei Paik, Ill. 
United Mfg, 4 Service Co., 40.5 NV. (illi, Milwaukee, Win 

X-RAY COOLING EQUIPMENT (See PHUTIL 
GRAPHIC COOI,ING EQUIPMENT) 


ZINC 

Eiigle-Piehor Sales Cn , Vmerican Rldg., Ciii’ti. 1. () 
llhnnis Zinc Cn., 20.50 VV. 47th St., Chieagn 32, III. 
MeUilIi/ing Engrg. Cn., Inc., 38-14-30th St., T.nng Is- 
I land City 2. N.Y. 

Natinnni Lead Co ,111 Rroiidwuy, N.Y.C. fi 
I New .Jersey Zinc Co., Hit) Fronl Hi., N.Y.C 7 
Northwest Lead Cn . 2700-irith Ave , S W'., Seallle 4, 
Wash 
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RMC 

RIVERSIDE MFC. & ELECTRICAL SUPPLY CO. 

WIRING 
HARNESSES 
AND DEVICES 

R.M.C. Wiring Harnesses and 
Devices are now being used 
by some oi the largest reirig- 
erator and appliance manu¬ 
facturers in the field. 

THERE MUST BE A REASON 

R.M.C. mainloinB its own engineering and experimental deparlmenla and offers you the following 
advantages at no extra cost. 

1. Engineering service to help you with your problems. 

2. Experimental service to maintain constant high standards. 

3. Design engineers to develop a product for your specific needs. 

4. Production engineers to develop short cuts and keep your cost at a minimum. 

5. Quality control to assure the best in material and workmanship. 

6. Production control for prompt delivery service. 

R.M.C. can noiy deliver any type of prefabricated electrical wiring harness you may require. All 
materials used in the fabrication of your product will be of the highest quality and approved by 
Underwriters' Laboratories. 

R.M.C. has recently installed the latest and most modern equipment ovaiiable for handling wiring 
assemblies to reduce production cost. 



LtT US QUOlb YOU TODAY 
Send us -your blue points or samplei 

Phone RIVEHSIDE MFC. & ELECTRICAL SUPPLY CO. TWX 
TI—6~6800 10221 Michigan Ave. Dearborn. Mich. DE 7B5 

Manulaclurere oJ eieclricai harnesBee and devices, cord boIb. h.ator cords lor 


REFRIGERATORS 
AUTOMATIC CONTROLS 
VENDING MACHINES 
STOVES " RADIOS 
WASHING MACHINES 
AUTOMATIC PUMPS 
AUTOMOBILES 
POWER TOOLS 
RECORD PLAYERS 
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PaltPk ^ Page 

I. THEORY 

1. Basic Thermodynamics. 3 

2. Compression Cycle of Reciprocating Compressors. 11 

3. Absorption Refrigerating Systems. 39 

4. Psychrometry. 59 

5. Heat Transmission. 75 

6. Theory of Flow and Viscosity. 91 

n. TABLES 

7. Refrigerant Tables and Charts.107 

B. Refrigerant Characteristics. . ..195 

9. Brine Properties.209 

10. Psychrometric Tables.219 

11. Weather and Water Data.229 

12. Physical Properties of Materials, Including Insulation. . .241 
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14. Conversion Tables.267 
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